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-INTRODUCTION-

The General Electric Type BT-25-A 50 KW Standard Broadcast 

Transmitter is designed to provide the commercial broadcaster with 

modern equipment capable of high qw.lity performance at low operat­

ing cost. 

In the design of this equipment the best features of 

contemporary 50 KW transmitters have been carefully weighed. The 

opinions of many of the most experienced broadcasters have been 

thoughtfully considered. All of this, combined with the wealth of 

first hand information and experience accumulated by the General 

Electric Company in building many of the world's high powered radio 

transmitters, has resulted in a design which we believe comes as close 

as possible to being the ideal broadcast transmitter in its power class. 

The information contained in these instructions is designed 

to familiarize you with your equipment and enable you to maintain 

top efficiency in performance • 

-1-
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Section II 

-SPECIFICATIONS-

1. Electrical 

Type ot Emission: A5 (Telephone) 

Carrier Power Output(40-250 ohm load): 50,000 watts 

(Transmitter is designed for 55 kw output 
to provide for directional antenna systems.) 

Carrier Frequency Range: 

R.F. Harmonic Powers (max) 

Carrier Frequency Stabilitys 

Main Power Supply: 

Approximate Power Input: 

540-1600 

70 db below fwidamental 

assigned frequency t 10 
cycles 

460 volts t 5 per cent, 
three phase, 50/60 cycles 

Unmodulated ••••••••••••••••••••••••110 KW 
Average program level (25 per cent 

Mod.) ••••••••••••••••••••••••••••120 KW 
100% Modulation ••••••··••••••••••••157 KW 
Power Factor •••••••••••••••••••••••90 per cent 

Crystal Heater Supply: 

Type modulations 

115 volts, single phase, 
50/60 cycles, 25 watts 

High Level - Class B 

Audio Input for 100 per cent Modulation, 
sine waves 10 dbm (10 milliwatts) 

t; 2 db 

Audio Input Impedance: 

Audio Frequency Response: (at 60 per 
cent modulation) 

Audio Frequency Distortion (to 95 per 
cent modulation)s 

-2-

600/15Q ohms 

Uniform within t;l db, 
:30-10,000 cycles 

less than 5 per cent 
RMS, 50-7500 cycles 

I 
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Residual Noise and Hums 60 db below 100 per cent 
modulation, unweighted 

Performance meets all FCC Standards of Good Engineering Practice 
Methods and conditions of measurement conform with latest proposed 
RIil Standards. 

2. Tube Complement 

Radio Frequency 

Crystal Oscillator •••• l-Glr857 
1st IPA •••••••••••••••l-Glr828 
2nd IPA •••••••••••••••l-Glr810 
3rd IPA •••••••••••••••5-Glr833l 
Power Amplifier •••••••2-GL-895-R 

Audio Frequency 

1st Audio •••••••••••••2-GL-837 
2nd Audio ••••• ••••••••2-GL-5C24 
3rd Audio ·••••••·•·•••4-GL-5C24 
Modulator •••••••••••••2-GlrS95-R 

3. Mechanical 

overall Dimensions of Transmitter 

Height ----------7 feet 
Width ------------29 feet 
Depth -------------5 feet 

Approximate net weight 

Rectifiers 

High Voltage •••••• 6-Glr857-B 
Intermediate •••••• 4-Glr8008 
Low Voltage •••••••2-GL-866-A/866 
Power Amp. Bias ••• 2-GL-866-1/866 
A-F Bias ••••••••••2-GL-8008 

For Dimensions of External 
Equipment refer to the Instal­
lation Diagram, Fig. 39. 

Transmitter -------------16,500 pounds 
External ~uipment -----25,000 pounds 

-3-
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Section III 

-l"CC FILING DATA-

In appl7ing tor a license, the tollowing information mtJ.7 be entered 
on pages land 2 ot Section II~ on FCC Form &>2. 

2. 

... 

s. 

9. 

Facilities authorized in construction permit, 

Transmitter make Type No. 

General Electric BT-25..a 

Operating constantaa 

Clas• or operation ot laat radio A X C 
trequen07 amplitier stage. (SN 
Section 8 $tandard1 ot Good lngineer- B D 
ing Practice Concerning Standard 
Broadoaat Stations.) BC 

llanutacturer•s reoo1111Dended operating 
ett1oien07 tor the laet radio tNquen07 

78% amplitier stage 1n per cent. 

Tube•• 

Make Type No • 

General Electric GL-895R 2 

Ia inverse feedback utilized? Yea x No 

It •tea•, to what value ot teedbaok 
power 1a transmitter adjusted (in d.b.) 14 d.b. 

Indicating inatruaenta 1n last radio atage1 

llanutactUl"er'• name Pull scale 
and type reading 

Plate voltmeter G-E TYPE DB-4 15 KV 
Plate U1Nter G-E TYPE DB-4 10 Amp 
Antenna ammeter 
Remote antenna &1118ter G-E TYPE DB-4 

Gift •tbocl ot ftl'11ng power to compensate tor ftriation ot line 
voltage, 0ontinuousl7 variable r-f output coupling control on 
front panel. (t 20 per cent power range) 

Note, 
(1) Under Seotlon s, the tull scale Antenna Ammeter reading 

IIIUSt -correspond with that ot 7our particular ~tenna 
Ammeter. 

• 
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(2) If main rectifier voltage regulator 6VR1 is used, 
insert the following additional data tmder Section 9: 

"Automatic induction voltage regulator or i 10 per 
cent range compensates for line voltage variations.• 

-5-
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Section IV 

-DF.SCRIPTION-

1. Construction 

The G-E type BT-25.../L Transmitter consists of the transmitter 

proper and several external auxiliary units. 

live main cubicles (Control Unit, Exciter Unit, Audio-Modulator 

Unit, Power-Amplifier Unit and Rect1fier Unit), are bolted together 

to form the transmitter proper. The rugged, attractively-styled 

cabinets are finished in two-tone blue with bright trim. Particular 

attention was given to providing complete accessibility for ease of 

maintenance. 

Heavy power equipment such as modulation and plate transformers, 

filter and modulation reactors, external Power Cabinet, etc. is 

located either 1n the basement or directly behind the transmitter. 

Since General Electric Pyranol* filled equipment is used, no fire­

proof vault is necessary. 

The transmitter is completely air-cooled from a central blower 

system located external to the transmitter cabinets. The instal­

lation can be readily arranged to permit utilization of the trans­

mitter heat during cold weather. 

ill small tubes may be easily changed. Spare power amplifier 

and modulator tubes are mounted so that they can be quickly switched 

into the circuit to reduce to a minimum the time off the air due to 

tube failure. A spare main rectifier tube can be electrically 

switched into the circuit by means of contactors with only a momentary 

carrier break • 

•G-B trade-mark 

-6-
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Large meters of the latest type, having 240-degree scales, 

located along the top of the transmitter cabinet are used for the 

more important functions. Smaller meters used for frequency adjust­

ments are mounted on the panels for convenience in tuning. 

Large tuning controls are motor-driven; smaller ones are hand­

operated through vernier controls. 

Windows are provided on doors and panels at approximately eye­

level for the purpose of observing small meters, rectifier tubes, 

and other equipment. Two lamps in each cubicle provide adequate 

lighting for maintenance. At least one 115-volt convenience outlet 

is provided in each cubicle. Additional outlets are placed in the 

front of the Modulator and Power Amplifier cubicles. 

A recessed opening or "kick cove" is provided along the base of 

the cabinet at the front to prevent scuffing of the finish. 

Particular attention has been given to safety of personnel and 

equipment. All access doors leading to areas employing dangerous 

voltages are fully interlocked to automatically remove such voltages 

when opened. In addition, the doors when opened operate switches 

which ground directly all high voltage circuits in that particular 

compartment. All control panels are of the dead-front type. High 

speed overload relays, contactors and magnetic circuit breakers 

protect the equipment. 

For ease of reference, the circuit symbols of the components 

located in tlie various transmitter sections are prefixed as followsz 

First Digit 
of Symbols 

l 

2 

3 

Location of Item 

Transmitter Exciter Unit 

Transmitter Power Amplifier Unit 

Transmitter Audio-Modulator Unit 

-7-
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First Digit 
ot Symbols 

4 

5 

6 

7 

8 

9 

lguipment Furnished 

A.. Transmitters 

lln 

Control Cubicle 

Audio-Modulator Cubicle 

Exciter Cubicle 

Power Amplifier Cubicle 

Rectifier Cubicle 

Location of Item 

Transmitter High-Voltage Rectifier Unit 

Transmitter Control Unit 

External Items Including Power Cabinet 

Monitor Rectifier Unit 

Supervisory Console 

Supervisory Clock Panel (if used) 

Qnen+,ity 

1 

1 

1 

1 

1 

Inter-Cubicle Installation 

B. 

Material (wire, terminals, etc.) 

External Equipment, 

ill!! 

Main Rectifier Plate 
Transformer 

Modulation Transformer 

Auto-Transformer 

Breaker Control 
Transformer 

Modulation Reactor 

Filter Reactor 

'\ 
t 

G-B Dwg, No. 

11-7478467 

M-7477982 

11-7478468 

11-7478473 

11-7477981 

M-7477980 

-8-

1 

Symbol Quantity 

6T7 
6T8 
6T9 

6T10 1 

6Tl 
6T2 
6T3 

6T4 

6Ll 

6L2 

1 

1 

1 
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~ G-E Dwg. No. 

Main Blower and Motor P-7770295 

Main Blower Starter 

Circuit Breaker 

Circuit Breaker 

Air Flo;w Switch 

Breaker Control 
Power switch 

Door Interlock 

Door Interlock 

Air-Filter Panel 

Filter Panel Holding 
Frame 

External Power Cabinet 

M-7478861 

M-7478786P2 

M-7478786Pl 

P-7770288Pl 

P-7770225Pl 

M-746055004 

K-7116627Pl 

M-7480711 

P-7771221 

Monitor Rectif'ier Unit Type FZ-2...A. 

Hum Bucking Unit Type FZ-1...A. 

5. Available Accessories List* 

Item 

Complete Set of Tubes 

Set of Spare Tubes 

Portable Tube Hoist, Type FZ-5-A 

Symbol 

6Bl 

sn 

6Sl 

6S2 

6S5 

6S4 

6S5 

6S6 

Audio Input Monitori.Ilg and Test Equipment 

Supervisory Console, Type BC-5...A. 
or 

Deluxe Supervisory Console, Type BC-15-A 

Quantity 

1 

1 

1 

1 

1 

1 

1 

1 

15 

1 

1 

1 

1 

Installation Material {wire, terminals, etc. for use between 
transmitter and external equipment) 

Antenna Tuner (250-ohm line) 

Antenna Tuner (70-ohm line) 

Antenna Phasing Equipment 

* Consult nearest G-E office for particulars. 

-9-
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RF Tranamiaaion Line 

Main Rectif'ier Induction Regulator, G-E Dwg. M-747878O, Symbol 
6VR1 

Water Cooled Load, Type FY-15-.\ 

Spare Blower Equipment (Blower per G-E Dwg. P-777O293 and motor 
starter per G-E Dwg. M-7478861) 

Spare Parts 

4. fiecommended Test Equipment 

Audio-Frequency Oscillator 

Noise and Distortion Meter 

Cathode-Ray Oscilloscope 

Vacuum Tube Voltmeter 

Radio-Frequency Bridge 

Radio-Frequency Oscillator 

500-Volt Portable Megger 

Multimeter 

-10-
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• Section V 

-INSTALLATION-

General Information 

Upon receiving and unpacking the transmitter, inspect it thoroughly 

for possible shipping damage. 

The following instructions for reassembly of the Type BT-25-A Broadcast 

Transmitter are provided as a guide for installing and wiring the transmitter 

after it has been dismantled for shipment. It is assumed that the layout of 

the transmitter and its auxiliary equipment has been planned with due refer­

ence to the Installation Drawings Fig. 39, Sheets 1, 2 and 3. Typical lay­

outs for both single and double floor installations are shown. 

The five cubicles comprising the transmitter proper, the four sections 

comprising the base for the cubicles, the external power cabinet, and the 

external transmitter items are separately crated • 

Transmitter Items 

Assemble the four sections of the base as marked, bolting them firmly 

together. The base should be leveled carefully with use of shims as nec­

essary. Be particularly careful to obtain a flat plane along the top of the 

bases. (A stretch-cord may be used to advantage). Locate the cubic~~• on 
. . 

the base, allowing them to lock into place. Bolt the cubicles together (it 

is not necessary that all of the bolts be used). Attax:h the two end pieces 

by means of machine screws provided. 

After the transmitter cubicles are lined up, attach the trim strips. 

This is done by placing the strip against the retainers and applying hand 

pressure. 

-11-
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Remove all shipping blocks and cords from contactors, relays, etc. 

Remove the red-tipped shipping screws from the two contact-making volt­

meter• (5Al, 5A2). 

The following items were removed from the transmitter cubicles for 

shipnent; reinstall them in their locations (as indicated on Fig. 39, 

Sheet 1) af'ter the cubicles have been located in their final positions. 

Control Voltage Transformer (5T25) - Control Cubicle 

Filament Voltage Regulator (5VR1) - Control Cubicle 

Power Factor Correction Capacitors - Exciter Cubicle 
(1C80 through 1C83) 

Intermediate Rectifier Filter Reactors - Exciter Cubicle 
(lL24 and 1L25) 

Intermediate Rectifier Plate Transformer - Exciter Cubicle 
-...._ (1T9) 

Modulator Filament Transformer - Audio-Modulator Cubicle 
(3Tl3 through 3Tl8) 

Third Audio Reactor (311) - Audio-Modulator Cubicle 
(Use lift rope through hole provided in cubicle roof). 

Blocking Capacitors (3C24 and 3C25) 

Choke Coil (2110) 

Tank Coil (214) 

Harmonic Filter Coils (216 and 2L7) 

- Audio-Modulator Cubicle 

- PA Cubicle 

- PA Cubicle 

- PA Cubicle 

Neutralizing Coils (2L2 and 2L3) - PA Cubicle 
~ 

Power Amplifier Filament Transformer - PA Cubicle 
(2Tl2 through 2Tl7) 

Gas-Filled Capacitors (2Cl, 2C2) 

Filter Capacitors (4Cl through 4C6) 

Modulator Coupling Capacitors 
(4C7 through 4C12) 

- PA Cubicle 

- Rectifier Cubicle 

- Rectifier Cubicle 

The gas-filled capacitors (2Cl and 2C2) are shipped with 5 to 50 psi 

preaaure of Freon Fl2. Before in■talling, the gas should be released in 

-12-

• 

• 

• 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 

• 

• 

• 

a well-ventilated location to about 5 psi pressure. After installing 

the capacitors, the pressure should then be increased to 200 psi b)r 

adding dcy nitrogen. 

The output post in the Power Amplifier cubicle has been mounted 

in an inverted position for shipping. This should be placed on top 

or the cubicle as indicated on the Installation Drawing, Fig. 39, 

Sheet 1. 

It the transmitter is to be operated on a frequency below 1081 kc, 

remove the jumper between 2Cl7 and 2L3. 

When the GL-895-R tubes are inserted in their sockets, locate 

the six seal-cooling air-deflectors on the filament pins before plac­

ing the filament and grid connectors in position. Train the filament 

leads' away from the grid lead in both Modulator and Power Amplifier. 

lxternal Items 

The external items, with their dimensions and weights, are 

indicated on Fig. 39, Sheet 2. The transformers, reactors and option­

al plate regulator are filled with non-inflammable Pyranol* and vaults 

are not ordinarily required; a fenced interlocked enclosure is suf­

ficient. Check the level of the Pyranol*. 

In some localities if transformers are placed in a poorly vent­

ilated area, it may be necessary to install gas absorbers or connect­

ing nues from the pressure-relief vents to the outside. (1940 

Bational Electric Code). For detailed information, see pages 16 and 

17 of Instruction Bulletin GEH-10951. 

It the optional plate regulator (6VR1) is used, it may be readily 

wired to the contact-making voltmeter (5A2) in the Control Cubicle 

and to the panel controls in the Rectifier Cubicle. (See Wire 

Running List, Fig. 37). 

•c;..g trade-mark 
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~f the user desires a manual HV Rectifier plate supply disconnect 

switch, it may be wired into the circuit as indicated on the Control 

and Power Distribution Diagram, Fig. 41. 

Be sure all external items and their protecting enclosures are 

positively grounded. Check settings of all arc-gaps (see MAINTENANCE 

Section). Circuit breakers 6S1 and 6S2 should be mounted firmly, as 

on a pipe frame. The front of the breakers should be acce~sible dur­

ing operation, as indicated on Fig. 59, Sheet 5. 

For mounting and wiring breakers 6S1 and 6S2 it is necessary to 

remove the units from their enclosing cases. This is accomplished 

(aft~r first removing the front cover) by removing the upper two screws 

and tilting the breaker forward. (Refer to page 1 of Bulletin 

GEI-10982B). In replacing breakers into their cases, make certain 

that the contact fingers are properly aligned. When replacing cover be 

sure to line up manual trip button with its opening in the cover; after 

cover is in place tighten the locking device on the threaded stud. 

·This locking feature is a safety device which prevents operation of the 

breaker with the cover off. After mounting 6S1 and 6S2, replace the 

oil in the dash-pots. 

The External Power Cabinet is normally located in the fenced 

enclosure with the other external items. Access is provided through 

front and rear doors. The cabinet is usually located with its front 

door flush with the enclosure to permit observation of the large con­

tactors. The doors are provided with locks. The front door should be 

kept locked in operation. If desired, the cabinet can be located 

entirely within the fenced enclosure. 

Outgoing Transmission Line 

If coaxial line is used, it is customary to run this direct to 

the top of the Power Amplifier Unit. 

-14-
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If 230-ohm open wire line is used, this will normally terminate 

at the feed-through wall-bushings as indicated on Fig. 59, Sheet 5. 

The feeder fJ:'om the transmitter to the teed-through can be convenient­

ly run inside the extended air-exhaust duct as indicated. The feeder 

can consist of three wires (#6 stranded or 1/4-inch copper tubing) 

mounted on insulators and run parallel in the same plane. The spac­

ing between adjacent wires should be 2.s inches. The outer two 

conductors are connected together and grounded. The center conductor 

is the high r-f voltage lead. 

With open wire line, a horn gap should be provided f'rom the 

building feed-through bushing to ground. A choke consisting of two 

turns wound to 4 inch diameter should be used in series with the •hot• 

line on the transmitter side of the horn gap. See Bulletin EBR-95 

•Protecting Against Carrier Failure.• 

lonitor Rectifier Unit 

This unit should be installed in the antenna tuning house at the 

base of the tower. The coll assembly is located near the antenna 

ammeter inside the high r-f voltage fenced enclosure, and may be 

mounted in any position. The primary loop (7L2) is comiected in series 

with, and just below, the antenna ammeter. The rectifier unit should 

be mounted outside of the fenced enclosure so that adj!15tment (7R5) 

may be Ede during operation while watching the r-f antenna ammeter. 

The rectifier should be within easy reach of the mag-phone for com­

munication with the transmitter operator while making adjustments. 

Fifteen feet of flexible co~ial cable is provided for connect­

ing the rectifier unit to its pick-up coil. 

-15-
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Air Circulating System 

See Fig. 59, Sheet 5. 

An air duct is required between the Main Blower equipment and 

the transmitter cubicles. An exhaust air duct along the top of the 

transmitter is required for carrying exhaust air to the outside. The 

exhaust air duct is usually used also for enclosing outgoing trans­

mission lines, if open wire, and high voltage buses (with single 

floor installations). The suggested exhaust vent is designed to be 

wind- and rain-proof. It should be covered with a bird screen of 

suitable mesh. An air-mixing room is desirable, as indicated in the 

drawings. However, in locations where space is limited, the air 

filter panels may be located directly in the wall of the blower room 

which is then used also as the air-mixing room. Mechanically 

connected adjustable intake louvers permit mixing of inside and out­

side air for building ventilation and control of incoming air temper­

ature. Louvers with adjustable shutters are usually provided for 

building heating. Positions of the cut-outs beneath the transmitter 

for locating vertical risers from the intake duct are indicated on 

Fig. 59, Sheet 1. It is desirable to have a damper in the air flow 

to the Rectifier Cubicle capable of being adjusted during operation 

to permit control of air temperature to the GL-857-B rectifier tubes. 

The ,air interlock switch, 6S5, is normally located on the in­

take air duct near the end away from the blower. It is desirable 

for this to be accessible with power on. See Section XI for adjust­

ment. 

For maximum reliability, two blowers are often used as indicated 

on Fig. 59, Sheet 5, suitable dampers being provided to prevent air 

from the blower in use escaping through the idle one. 

-16-
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The air filter frame is shipped in five sections; each section 

consists of three \Dlit frames welded together. In installation, 

the five frames are bolted toget~~r as indicated on Fig. 59, 

Sheet 2. A felt seal should be provided between frames (felt and 

bolts are supplied). In addition, the user should provide a felt 

or caulk seal between the frames and the wall. Note that the frames 

are to be mounted so that the standard filter panels may be changed 

from the incoming-air side. If it is required, for reasons of 

accessibility,to change filter panels from the leaving-air side, 

it is necessary to specify •Reverse P'low• Filter panels. The air 

must always enter the coarse-mesh side of a filter. 

The Ila.in Blower, the Blower llotor, and noating base are 

shipped separately. The Blower is usually supplied for 9upblast• 

discharge tor a two-floor installation, but may be rotated 90 degrees 

tor horizontal discharge for a single-floor installation. The 

sheaves supplied for the motor are adjustable from 8.4 inches to 

7 inches diameter. For a line frequency of 60 cps adjust the motor 

sheave for 7 inch diameter. For 50 cps adjust the motor sheave 

for 8.4 inch diameter; connect the motor for 220 volt operation as 

indicated on the instruction plate. For safety, the belt drive 

assembly should be protected by a wire guard and a protective mesh 

should be mo\Dlted over the blower air-intake. 

The motor starter, 6Kl, should be mounted vertically in a 

location convenient to. the blowers. Remove excess grease which ma,' 

have been applied to the armature tor rust prevention during ship­

ment. The coil normally included in 6IC1 is for 60 cps operation 

(22Dll2G3). An extra 50 cps coil (22Dll2G8) is supplied and should 

be installed it 50 cps operation is used. 
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Wiring 

Consult Wiring Running List, Fig. 57. 

Wire and terminals are supplied for all inter-cubicle connections 

of the transmitter proper. Wiring between Transmitter and external 

power equipment is to be furnished by the user, the quantities required 

depending on the particular installation. External wiring trenches are 

usually employed for major runs with conduit for minor runs as indicated 

• 
on Fig. 59, Sheet 5. Inter-cubicle wiring is to be run in the built-in • 

trench provided in the Transmitter base. 

The PA and Modulator cubicles are so arranged that the high volt­

age busses may enter from the bottom for a tw9-fioor installation or 

through the top for a single-floor installation. The set is normally 

shipped with the two-noor arrangement of parts. Refer to Installation 

Diagram, Fig. 59, Sheet 1. In the case of the Modulator Unit, to adapt 

to a single-floor installation, relocate resistors 5RJ.4, 5Rl.5, ms, 
5Rl.7. Mount two insulators having at least four inches creepage path 

on the cubicle roof using tubing to connect them to the resistors 

through the two rear exhaust air openings. In the case of the PA 

cubicle, transfer the feed-through bowl, P05, to the top of the tube 

air box as indicated on the drawing. Mount an insulator on the cubicle 

roof and connect this to P05 with tubing supported by insulators as 

required. 
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Section VI 

-POWER REQUIREMENTS, DISTRIBUTION, AND CONTROL SEQUENCE-

POWER REQUIREMENTS 

General 

The main power supply is three phase, three wire, 460 volts 

I: 5 per cent, 50/60 cps of good regulation. The load varies approxi­

mately from 110 kw to 157 kw as the Transmitter modulation varies 

from O to 100 per cent. At average program level (25 per cent 

modulation) nominal power input is 120 kw and power factor approxi­

mately 90 per cent. 

460 volt power is supplied to the RV (high voltage) rectifier 

plate transformers 6T7, 6T8 and 6T9. Auto-transformers 6Tl, 6T2 

and 6T3, with grounded neutral, step down the 460 volts to 2&> volts 

line to line (153 volts to ground), which feeds the Transmitter 

proper. Transformer 6T4 steps down the 460 volts to 2&> vol ts (with 

grounded mid-point) for breaker control. 

115 volts single phase is required for the crystal heaters, 

cubicle lighting,convenience outlets and the carrier off alarm. 

This is normally obtained from the building lighting circuit. 

50 CPS Operation 

The Transmitter as shipped is normally connected for 60 cps 

operation. Conversion to 50 cps operation requires the following 

internal reconnectionss 

(1) Move the connecting terminal with the red paint marker from 

terminal X4 on trans£ ormer 5T25 to terminal X3. 
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L 

5Ill,5XII 

• 515, 5X5 51l2,5Xl2 

51I0,5XIO 51l3,5Xl3 

519, 5X9 
f I 

51l5,5Xl5 

518,5X8 
f I ~ 

5114,5Xl4 

517,5X7 ~5117,5Xl7 
I I 

5I6,5X6 I l I ' I I .. .. .. I 5Il6,5Xl6 

5I28,5X28 I 1 
.. I 5I23,5X23 

5119, 5X19 
IJ 

5122,5X22 

5120,5X20 
.. 5125,5X25 

I I 5121,5X21 5I24,5X24 • 5129,5X29 5127,5X27 

5118, 5Xl8 5I26,5X26 

51S3 

• 
Fig. 1 Control Cubicle, Front View, Door Closed, Parts Identified (SY5260A) 
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5S4 
5M3---

51S 
,i; ... /'.hft~~ K9 -­~;.;e. ...... , o-,..~5K 
~c....-t , 0 •·""~5Kl3T---

P, R....!,]:>o•~ 

E>t~•"" ~ 5 
Mp,J...::.J?••v 

R",...~~\at~5K8 -­
~l, .. ,t ~ T{-»-~~5 

i:; I T:...:~~ ---, 
~y.,j R--r-~ ... ~Y 5K59 
~ 5K5t-~-.; 

:&Y,T>-•<9 <41f' 5K48 
v51(49 

>5.K50 
"5JS..5_5 --ii 

.><.~5_2 
)t 5K53--

..,, 5K17 
HF P.>rc1s_/' 
,_ ..,, ... r ... ,< 

5!2 5S22 

Fig. 2 Control Cubicle, Front View, Door Open, Pa,rts Identified (SY5259A) 
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5K23 

5K60 

5CR6 

5TB8 
5TBl3 

5KIG 

5Kl5 

5K24 

5R2 

5R3 

5TBl5 

5TBl6 

Fig. 3 Control Cubicle, Rear View, Parts on Right Side Identified (SY5047A) 
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5S17 5T23,24,19,20,16 

5S8 5Tl5,14,8,13, 12 

5S11 5TI I, 10,9,32 1 31 

5S16 5T34,33, 36,35,26 

5S15 5T38,29 ,28,27,30 

5S12 
5T371 3,4,1,2 

5513 
5T7,6,41 

5S21 
5T22, 21, 18, 17 

5S14 
5T39 

5S10 5T25 

Fig. 4 Control Cubicle, Rear View, Par ts in Center Section Identified (SY5046A) 

l . 
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5K21 5K35 

5K43 

5A2 

5TBl7 5TB18 

5TB19 5EI 

5TB20 
5F6,5,4 

5F8 
5F7 

5F3,2,I 

5TB1 

5VRI 
5TB 2-5TB7 

Fig. 5 Control Cubicle, Rear View, Parts on Left Side Identified (SY5041A) 
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6RI 

6R3 

6R8 

6R7 

• 6K6 -

6K7 

6K!> -

. 6K8 

--._, . - •j 

6R6 

6K4 -

6JI 

• 6K2-

6K3 

• 

• 
Fig. 6 External Power Cabinet, Front View, Door Open, Parts Identified (SY5267A) 
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6R4 

6R5 

6T6 

6T5 

6TBI 

Fig. 7 External Power Cabinet, 
Rear View, Parts on Right 
Side Identified (SY5982A) 

6CRl3 

6CRl4 

6CRII 

6CRl2 

~6CR9 

6CRIO 

tJ ~6CRI ... 
~6CR2 

,• ~6CR4 

6CR5 

6CR6 

6CR8 

6CR7 

F i g. 8 External Power Cabinet, 
Rear View, Parts on Left 
Side Identified (SY5981A) 

• 

. / 

• 

• 

• 
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(2) Change FILAMENT hour meter 5M3 on the Control Unit panel from 

the 60 cps model (P5R66-P3) to the 50 cps model (P3R66-P8). 

(3) The "time of operation" of timing relays 5KS, 5K6, 5K32 and 

5K45 will be 20 per cent longer than the values indicated on 

their calibrating dials. This should be taken into considera­

tion if these relays are adjusted. 

(4) The blower motor starter, 6Kl, bas a coil (22Dll2G3) for 60 

cps operation. For 50 cps operation replace this with coil 

22Dll2G8 supplied with the starter. 

(5) Change the ratio of the adjustable sheaves on Blower Motor 

6Blll (see Section II on MAIN AIR CIRCULATING SYSTEM). 

(6) Change the taps on PA filament transformers 2Tl2, 2Tl3, 2Tl4, 

2Tl5, 2Tl.6, 2Tl7 and on modulator filament transformers 3Tl3, 

3Tl4, 3Tl5, 3Tl6, 3Tl7, and 3Tl.8 (move all leads on primary 

terminal H2 over to H1). See Section VIII on PCMER AMPLIFIER 

and Section II on AUDIO-MODULA.TOR UNIT. 

POWER DISTRIBUTION 

Main Breakers 

The incoming power connects directly to customer's ma.in switch. 

See Fig. 41. WARNING - THIS SWITCH SHOULD BE OPENED BEFORE ENTERING 

THE 460 VOLT AREAS. 

Air circuit breaker 6S1 controls all power to the Transmitter 

except that to the HV' rectifier plates. This breaker (6Sl) can be 

closed or opened directly from the breaker poei tion, or rE111otely by 

means of control switch 5S1 (MAIN BREAKER) on the Control Unit 

(indicating lights 511 and 512 show status of the breaker). Thie 

breaker has an interrupting rati~ of 15,000 amperes which is more 
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than adequate for any normal requirement. The trip-out adjustment 

can be set between 125 and 250 amperes. The breaker has an inverse 

time characteristic for overcurrents of up to ten times the normal 

setting, and instantaneous trip-out for overloads exceeding this 

value. 

Power for the HV rectifier plates is supplied through circuit 

breaker 652 (HV RECT) which can be operated at the breaker or by 

means of control switch 5S2 on the Control Unit panel (515 and 514 
• 

show the breaker status). This breaker also is rated at 15,000 

amperes interrupting capacity and is adjustable for trip-out from 

225 to 450 amperes. The inverse time feature is very desirable 

as it assures that ordinary overloads such as tube gas-kicks will 

be handled automatically by the overload relays and cont.actors with­

out t~ipping the breaker. Instruction Bulletin GEI-10982B inclu:led 

in Section XVII gives maintenance and operational information on 

these breakers. 

Power for breaker control is supplied through enclosed switch 

6S4 and associated fuses 6Fl and 6F2. 

If desired, a disconnect switch can be connected in the cir­

cuit between the output of plate regulator 6VR1 and the plate 

transformer, as indicated on Fig. 41. This provides a positive, 

visual disconnect which can be opened before entering the plate 

transformer enclosure. 

Power Distribution Circuit Breakers 

Each branch circuit is protected by means of a magnetic or 

thermal-magnetic manually operated air breaker. Fig. 41 clearly 

indicates the function of each breaker. They are rated at 5000 

amperes interrupting capacity. When operated by an overload, 

the handle moves to a neutral position giving positive indication 
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of tripping. 

Induction Regulators 

Filament regulator SVRl and contact-making voltmeter assembly 5&1 

located in the non-interlocked Control Cubicle hold the bus voltage at 

230 volts. Adjustments for the contact-making voltmeter are covered by 

Instruction Bulletin GEH 1085B in Section XVII. Switch 5S22 on the 

Control Unit panel allows MANUAL control of the regulator as switch 

• 
6S20 on the same panel is thrown to RAISE or LOWER. When 5S22 is thrown • 

to AUTOMATIC, the regulator is controlled by contact-making voltmeter 

q.ssembly Sil. Variable resistor 5R4 (FIL VOLTAGE ADJUSTMENT) permits 

panel-control of the regulated voltage. When 5S22 is in the TEST 

position, both the switch am. the contact-making voltmeter control the 

regulator as explained in the Instruction Bulletin. The regulator will 
' 

correct for input voltage variations of i 10 per cent. 

Plate regulator 6VR1, if used, is normally located in the external 

power enclosure. Its contact-making voltmeter SA2 is located in the 

Control Unit. The MANUAL-TEST-AUTO SWITCH 4S6, the RAISE-LOWER Switch 

4S7, and regulated PLATE VOLTAGE ADJUSTMENT 4Rll are located on the RV 

Rectifier Unit Panel. Bulletin GEI-21709 describes this regulator. The 

range of this regulator is also i 10 per cent. See Section I for trans­

former ratio-adjuster settings when 6VR1 is used. 

Relays and Contactors 

The larger contactors are d-c energized by means of metallic 

rectifiers for reducing audible hum to a low value. These rectifiers 

are supplied control power at 220 volts for either 60 cps or 50 cps 

operation. The d-c operated contactors are listed as follows: 
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S;rmbol lPupction 

5ll9 PA Filaments 

5120 Modulator Filaments 

61C2 HV Rectifier Start 

6K3 HV Rectifier Rl.Dl 

614 HV Rectifier Tap Change 

6KS HV Rectifier Tap Change 

6K6 HV Rectifier Tap Change 

(60 per cent) 

(80 per cent) 

(100 per cent) 

Associated 
Rectifier 

SCRl, 5CR2 

SCRS, S<Jl6 

6CR1, 6CR2 
6CR3, 6CR4 

6CR5, 6CR6 
6CR71 6CR8 

6CR9, 6CR10 

6CR11, 6CR12 

6CR13, 6CRl4 

Smaller contactors and relays are a-c operated. With most of 

these, when the power supply is 50 cps, the coil voltage must be 

reduced to 5/6 of the 60 cps value. This is accomplished by chang­

ing a tap on control transformer ST25. A few other relays in the 

following list operate on full line voltage (220 volts) for either 

50 or 60 cps; these are indicated by an asterisk • 

Symbol 

*5Kl 

*3K2 

*513 

SIU 

5K2 

*SK5 

SK4 

SK8 

5K9 

sno 

SKll 

Function 

Audio Bias Change Relay 

Audio Bias Change Rela.y 

Audio Bias Change Relay 

Transmitter Start latching Relay 

LP Filament Contactor 

Low Power Filament Auxiliary 

Blower Start Auxiliary 

Auxiliary to Filament Time Delay 

Air Interlock Auxiliary 

Modulator Unit Door Interlock Auxiliary 

Exciter Unit Door Interlock Auxiliary 
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Smbol 

5Kl2 

5Kl5 

5Kl4 

5Kl5 

5Kl6 

5Kl7 

5Kl8 

5K21 

5K22 

5K24 

5K29 

5K50 

5K31 

SK53 

*5K36 

SK43 

5K44 

5K46 

5K47 

5K48 

5K49 

5K50 

5K51 

F\mction 

Power Amplifier Unit Door Interlock 
Auxiliary 

Rectifier Unit Door Interlock Auxiliary 

External Enclosure Door Interlock Auxiliary 

Door Interlock Relay 

LV and Bias Rectifier Cont.actor 

AF Bias Interlock 

Power Amplifier Bias Interlock 

Intermediate Rectifier Start Latching 
Relay 

Intermediate Rectifier Start Contactor 

Intermediate Rectifier Run Contact.or 

Intermediate Rectifier Automatic Reclosure 
Relay 

Intermediate Rectifier Lockout Relay 

Intermediate Rectifier Lockout-Reset Relay 

HV Rectifier Start Latching Relay 

PA and Modulator Filament Auxiliary Relay 

HV Rectifier Automatic Reclosure Relay 

HV Rectifier Lockout Relay 

HV Rectifier Lockout-Reset Relay 

Intermediate Rectifier Overload Super­
visory Relay 

Exciter (2nd IPA) Overload Supervisory 
Relay 

Exciter (5rd IPA) Overload Supervisory 
Relay 

Audio (5rd AF, IJi) Overload Supervisory 
Relay 

Carrier Trip Circuit Supervisory Relay 
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Symbol 

5K52 

5K55 

5K54 

5K55 

5K56 

5K57 

5K59 

6Kl 

*6K7 

*6K8 

Szmbol ~ 

5K5 Telechron Motor 

5K6 

5K7 

5K25 

5152 

5K55 

5K45 

5K60 

418 

6K2 

Telechron Motor 

Escapement 

Escapement 

Telechron Motor 

Escapement 

Telechron Motor 

Escapement 

Magnetic Flux 

Escapement 

Function 

PA. (LH) Overload Supervisory Relay 

PA. (RH) Overload Supervisory Relay 

Modulator (LH) Overload Supervisory Relay 

Modulator (RH) Overload Supervisory Relay 

RV Rectifier AC Overload Supervisory Relay 

HV Rectifier AC Overload Supervisory Relay 

Audio (5rd AF, RH) Overload Supervisory 
Relay 

Ma.in Blower Starter ( change coil for 
50 cps) 

RV Rectifier Start Auxiliary 

RV Rectifier Run Auxiliary 

Timing Relays 

Ftmction 

Shut-Down Timing 

Nonnal Timing 

5 minutes TO 

Filament Time Delay 2 minutes TC 

Filament Time Delay Bypass 5 seconds TR0 

Intermediate Rectifier Plate 
Step-Start Timing 1 second TC 

Intermediate Rectifier 
Reclosure Circuit Auto­
Reset Timing 

HV Rectifier Reclosing 
Timing 

RV Rectifier Reclosure 

10 secoDis ro 

1 second TRC 

Circuit Auto-Reset Timing 10 secoDis ro 

Intermediate & HV Rectifier 
Start Circuit Auxiliary 1 second TC 

RV Rectifier Tube change 
Auxiliary 1 secoDi '!'RC 

RV Rectifier Start 1.5 seconds TC 
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Abbreviations: 

TO. Time delay opening 

TC Time delay closing 

TRO Time delay re-opening 

TRC Time delay re-closing 

NO. Normally open 

NC Normally closed 

cw Clockwise 

ccw Counter-clockwise 

LR Left Hand 

RH Right Hand 

Overload RelaYS 

Symbol 

5K25 

5K26 

5K27 

5K28 

5K37 

5K58 

5K39 

5K40 

5K41 

5K42 

5IC58 

General 

Function 

Intermediate Rectifier OL 

Exciter (2nd IPA) OL 

Exciter {3rd IPA) OL 

Audio {3rd AF, LH) OL 

PA (LR) OL 

PA (RH) OL 

Modulator (LH) OL 

Modulator (RH) OL 

HV Rectifier OL 

HV Rectifier OL 

.ludio {3rd AF, RH) OL 

CONTROL SEQUENCE 

Refer to Fig. 41. 

Normal trip-out Adiustment 

40 amp 

275 ma 

1.75 amp 

600 ma 

5.0 amp 

5.0 amp 

6.0 amp 

6.0 amp 

6.0 amp 

6.0 amp 

600 ma 

Although the control circuits may at first appear complex, 
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they are actually quite straightforward. In arranging the circuits, 

particular attention was given to safety of personnel, protection of 

equipment and reliability of operation. The operator may choose 

either manual or automatic operation. 

Control Circuit Operating Voltages 

220 volts is supplied by t ransformer 5T25 through CONTROL 

ClRCUlT breaker 5S8. The terminal on one of the wires to this trans­

former is red-enamelled. This terminal connects to X4 on 5T25 for 

60 cps operation and to tap 13 on 5T25 for 50 cps operation. Tap X2 

connects to ground so that the maximum voltage from the control cir­

cuit to grotmd does not exceed 150 volts rms. 

Color-Coding of Indicator Lights 

The Transmitter employs push't:uttons with internal indicating 

lights. The button which is illuminated is always the one to be 

depressed to perform the indicated operation. Depressing the button 

which is not illuminated will have no effect. 

The indicating-light color selection is such that green always 

indicates •ready", showing that power is available, am the starting 

sequence bas been completed up to the indicated point. Red indicates 

that the circuit is energized and in operation. White always indi­

cates an al:llormal condition, such as overload, open door, etc. 

During normal operation, only red lights are illuminated • 

Starting Sequence, Low Power Filaments, Blower Starting. Shut-Down 
Tip1og 

With breakers 6Sl and 5S8 closed, the green pushbutton, 51S1, 

lights. White lights, 515_, 51~1, 5!+-2, 5113 and white pushbutton 

51S4, will also be lighted if all doors are closed. Depressing 
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SISl causes transmitter start latching relay SKl to •latch in.• 

This causes the green light of SISl to go out, the red pushbutton, 

51S2 to light and the low power filament contactor SK2 which 

applies power through breaker 5S14 to all low power filaments to 

be energ~zed. Another finger on SK2 energizes blower start 

auxiliary SK4 which closes the starting circuit of main blower 

starter 6Kl and also feeds through breaker 5S11, power to the 

rectifier blowers in the HV rectifier unit. When SK2 picks up, 

the circuit to the coil of shut down timing relay SKS is opened. 

On shut down, when SIS2 is depressed, SK2 falls out and its 

normally closed finger closes, applying power to shut down timing 

relay SKS. SKS requires 5 minutes for its TO. contact to open. 

During this time, 5K4 remains energized am the Main and Small 

Blowers are kept running • . 

Filament Time Delay, Air Interlocks, High Power Filaments 

When power is applied (by SK2) to low power filaments and to 

lfl rectifier tube filaments, low power filament auxiliary relay 

SK5 picks up and one of its NO. fingers closes and starts fila­

ment time delay relay 5K6 operating. Another NO. finger _of SK5 

closes and if air interlock relay SK9 is closed (air interlock 

6S5 and p-a air box switch 2S14 being closed as indicated by white 

light 5I5 being out) power is supplied through an interlock finger 

of main blower starter 6Kl and p-a switch 2S15 and modulator 

switch 5S1O to the metallic rectifier associated with p-a. filament 

contactor SK19 am modulator filament contactor 5K20. These 

contactors close applying power through breakers 5S16 and 5S15 

respectively top-a and modulator filaments. At the same time 
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supervisory white lights 5112 and 5115 go out. 

• 
Filament Time Delay. Power Failure Relay, Door Interlocks and Relazs, 
Low Voltage and Bias Power, Bias Interlock 

Two minutes after filament time delay relay 5K6 has been energiz­

ed, its TC finger closes applying power to time delay bypass rela,y- 5K7 

which picks up instantaneously energizing auxiliary relay 5K8. When 

5KB picks up, the white light in 51S4 goes out. Time delq bypass 

relay 5K7 requires 5 seconds TRO (time re-opening) when d~nergized • 

In cas.e of a brief {up to 5 seconds) power failure 5K7 holds in during 

the period of no voltage so that on return or power, the Transmitter 

returns to operation without requiring the usual 2 minute wait for 

5K6 to operate. For emergency re-start following a failure of over 

3 seconds, BIIERG START button 51S4 (whose white light will then be 

illuminaU!d) can be depressed. See paragraph on Installation and 

Operation or 'fubes (Section X) for further information. 

111 cubicles are interlocked except the Control Unit. (White 

indicating lights 515, 516, 517, 518, 519, 5ll0 indicate which 

interlocked unit has doors open. However, if two tmits have doors 

open, only one light will indicate until the doors 1n that correspond­

ing \Dlit are closed. Then the light for the other unit will oome on.) 

If all ·interlocked doors are closed, door interlock relay 5ll5 

picks up. Closing of this relq removes the shorts from the ~T PLATE 

and HV PLATE OFF buttons and closes the circuits to the corresponding 

latchiDg coils or 5K21 and 5K55. (The circuit is so arranged that INT 

PLATE and HV PLATE •orrw buttons are automatically operated in case 

an interlocked door is opened. TC Relay 5K60 assures that this cir­

cuit will not defeat the automatic power failure circuit). 5K8 having 

closed and 5Il5 now being closed, low voltage am bias contactor 5Il6 

I 
l 
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picks upo This applies power through breaker 5S12 to the low voltage 

rectifier and to the p-a and a-f bias rectifiers. Bias interlocks 

5Kl7 and 5Kl8 pick up when bias is normal and cause the bias white 

indicating light 5111 to go out. 

Intermediate Rectifier Circuit, Automatic Reclosure, Lockout 

Low voltage and bias contactor 5Kl6 and bias interlock relays 

5Kl7 and 5Kl8 being closed, the circuit is now closed as far as the 

contacts of intermediate rectifier start latching relay 5K21. The 

green •ready• lights in INT PLATE ON pushbuttons lISl, 21S4, 51S2, 

81S1 come on. Pushing any of these causes 5K21 to "latch-in•, clos­

ing the circuit to intermediate rectifier start contactor 5K22 which 

applies power through breaker 5S13, coil of overload relay 5K25 and 

starting resistor 5R3 to the intermediate rectifier plate trans-

former 1T9o An NC finger on 5K22 opens, extinguishing the green 

lights in the INT PLATE ON pushbuttonso At the same time relay 5K25 

starts to operate and after 1 second its TC finger closes and operates 

intermediate rectifier run contactor 5K24 which shorts starting resist­

or 5R5, allowing normal intermediate rectifier voltage. When 5K24 

closes, one of its fingers applies voltage to the red lights in INT 

PLATE OFF buttons 1IS2, 2IS3, 3IS1, 8IS2. 

Normally closed contacts of overload relays 5K25, 5K26, 5K27, 

5K28, 5K58 are in series with the coil circuits of intermediate 

rectifier contactors 5K22 and 5K24; if an overload occurs which trips 

any of these relays, the contactors remove power. If INT LOCKOUT 

switch, 5S3, is placed in the "lockout" (up) position for testing 

(in which case white light 5115 is lighted) and an overload occurs, 

the NO. contact of the associated relay closes momentarily and applies 

power to the coil of reclosure relay 5K29. The NO. instantaneous 

• 
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contact of SK29 closes and causes intermediate rectifier lockout 

relay SK50 to be energized and to seal itself in. This opens the 

circuit to contactors 5K22 and 5K24, t hereby removing and "locking­

out" intermediate r ectifier plate power. When this "lockout" 

occurs, white intermediate rectifier lockout light 5114 is illumi­

nated. The green lights in the INT PLATE ON pushbuttons also are 

illuminated. Pushing any of these energizes lockout reset relay 

5K31 whose NC contact opens, permitting lockout relay SK&> to fall 

out, lose its seal, and to reapply intermediate rectifier plate 

power in the sequence outlined in the preceding paragraph. 

During normal operation INT RECTIFIER LOCKOUT switch 5S3 will 

be in its OFF position {white intermediate rectifier lockout switch 

position light 5115 will not be lighted). Reclosure Relay SK29 is 

a •notch~g• type which has a closing coll, a reset coll, a NO. 

instantaneous contact (which closes while the closing coll is 

energized), one contact designated OOOC am a contact designated 

OCCO. Operation of the relay is such that, as the closing coll is 

successively energized three times, the OOOC contact moves from 

Open, to Open,to Open, and to Closed: simultaneously the OCCO cir­

cuit changes from Open, to Closed, to Closed, to Open. With this 

arrangement a first and a second overload will permit power to be 

automatically reapplied but a third will leave power on 5K30 which 

will •lockout" the circuit as described above. Depressing an INT 

PLATE ON pushrutton energizes the reset coil of lockout relay SK29 

through 5K31 and returns the relay to its initial position, per­

mitting intermediate rectifier to come on. To prevent an accumu­

lation of operations on 5K29, an automatic reset timing relay 5K32 

closes after 10 seconds (providing not more than 2 overloads have 
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occurred) and automatically resets 5K29 to its initial position. 

However, if the third overload occurs before 5K32 bas operated, power 

is removed from 5K32 and an INT PLATE ON pushbutton must be pushed to 

restore operation. 

HV Rectifier Circuit, Automatic Reclosure, Lockout 

When intermediate rectifier run contactor SK24 goes in, its NO. 

interlock finger in the IN rectifier contactor coil circuit closes 

and, assuming plate transformer tap change switch 4Sl is not in an 

OFF position, the green lights in IN PLATE ON pushbuttons 4IS1, 2IS2, 

5IS4, 8185 come on. Pushing any of these causes SK55 to •latch-in• 

thereby applying power to auxiliary relays 6K7 ani 6K8 am to copper 

oxide rectifiers 6CR1, 6CR2, 6CR5 and 6CR4, and energizing HV rectifier 

start cont.actor 6K2. 6K2 applies power, through starting resistors 

6Rl, 6R2 and 6R5 to the BV rectifier plate transformers • .lfter 

approximately 1 second the TC finger of 6K2 closes, causing the BV 

rectifier run contactor 6K5 to close. The red lights in HV PLATE OFT 

buttons 4IS2, 2IS1, 51S5, 81S4 are now lighted. 

Normally closed contact of overload relays 5K57, 5K38, 5K39, 5140, 

5K41, 5K42 are in the coil circuit of IN rectifier contactors 6K2 and 

6K5 and their auxiliary relays 6K7 and 6K8 ( these break the d-c coil 

circuit for faster operation). If an overload occurs to trip any of 

these relays the contactors remove power. If HV lockout switch 556 is 

placed in the "lockout" position for testing (in which case white light 

5117 is lighted), and an overload occurs, the NO. contact of the 

associated overload relay closes momentarily and applies power to the 

coil of reclosure relay 5K45. The NO. instantaneous contact of 5K45 

closing energizes HV rectifier lockout relay 5K44 which seals itself 

in and opens the circuit to contactors 6K2 and 6K5, thereby removing 
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and "locking-out" the HV rectifier. When the "lock-out• occurs, white 

HV rectifier lockout light 5116 is illuminated. The green lights 1n 

the HV PLATE ON pushbuttons also are lighted. Pushing any of these 

momentarily energizes lockout reset relay 5K46 whose NC contact opens, 

permitting lockout relay 5K44 to fall out, lose its seal, and allow 

the RV rectifier plate power to be reapplied in the proper sequence. 

During normal operation RV rectifier lockout switch 5S6 will be 

in its OFF Position (white main rectifier lockout switch position 

light 5117 will not be lighted). Reclosure relay 5K45 is s:1m1Jar to 

5K29 previously described and has the same contact arrangement (1-NO., 

1-000C, 1-0CCO). On a third overload 5K45 leaves power on lockout 

relay 5K44 which will "lock-out" the circuit. Pushing an RV PLATE 

ON button energizes the reset coil of lockout relay 5K43, by means 

of 5K46, and returns the relay to its initial position permitting 

HV rectifier to come ono To prevent an accumulation of operations 

on 5K45, an automatic reset timing relay, 5K45, closes after ten 

seconds, providing not more than two overloads have occurred, and 

automatically resets 5K45 to its initial position. However, if 

the third overload occurs before 5K45 has operated, power is remov­

ed from 5K45 arxJ. an HV PLATE ON pushbutton must be pushed~ restore 

operation. On each overload relay 5K5.5 is energized. This relay 

requires one second for TRC (time re-closing) and prneata too 

rapid re-application of power in C&N or a•••• O'ftl'load • 

HV Rectifier Plate Voltage r.w,pp Cirogit 

Switch 481 controls selection ot the deairecl Yoltage taps on 

HV rectifier plate transformers 6T7, 6T8, 6T9. As tbis switch is 

turned, the "a" section opens the RV rectifier plate contactor's 

coil circuit removing plate power; at the same time the mb• section 
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drops out the operating tap change contactors (either 6K4, 6KS, 6K6). 

Then as the switch is turned further to the selected position, the 

desired tap change cont.actor picks up and the plate voltage is re­

applied in proper sequence. These tap change cont.actors are d-c 

operated by means of copper oxide rectifier 6CR9, 6CR10, 6CRll, 6CR12, 

6CR13, 6CR14. A running resistor (6R6, 6R7 or 6R8) is inserted in the 

circuit when a tap change cont.actor closes to reduce its holding 

current. Tap change switch 4Slb also selects the proper bias change 

relay (either 5Kl, 3K2, 3K3) to automatically adjust the modulator 

bias for the plate voltage. 

Supervisory Light Relays 

When an overload relay (or the carrier trip relay lKl, described 

later) operates, power is applied to its corresponding supervisory 

light relay (5K47, 5K48, 5K49, 5K50, 5K51, 5K52, 5K53, 5K54, 5KS5, 

5156, 5K57, or 5K59). When one of these relays is energized one of 

its NO. contacts closes permitting it to seal itself in so that it 

remains energized even after removal of the overload. When this 

occurs, the corresponding white supervisory light (5118, 5119, 5120, 

5121, 5122, 5123, 5124,, 5125, 5126, 5127, 5128, or 5129) is illumi­

nated. Whenever one or more of the above relays is energized, power 

is applied to the white indicator lamp in supervisory light reset 

pushbutton 51S3; pushing this resets all supervisory relays. 

Carrier Trip Circuit, Audio Dropping Relay 

When 5IU6 closes, if carrier trip circuit switch 1S4 is closed, 

power is applied to selenium rectifier lCRl. Red light in carrier 

trip TEST pushbutton 11S3 lights. Approximately 60 volts d-c feeds 

through carrier trip relay lKl and resistor lRSO to the p-a grid 
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tank, p-a neutralizing coil, p-a plate tank, harmonic filter, trans­

mission line, antenna terminating equipment and antenna. If an arc­

over occurs at any of these points, a ground circuit is established 

which permits lKl to operate; this applies negative bias to the 

first i-p-a screen, reducing the r-f output to extinguish the arc, 

after which operation is automatically restored. Whenever lKl 

operates, audio drop relay 5K4 is energizedo This inserts a 15 db 

pad in the transmitter audio input to reduce the modulation trans­

former voltage. 5K4 is also energized until the HV rectifier 

contactors closeo This prevents the 3rd audio stage from overload­

ing during starting. Power switch 1S4 should be closed during 

normal operationo 11S3 is used to test the operation of the system 

by simulating an antenna arc-over. 

Carrier Alarm Circuit 

Carrier off bell 5El is wired in series with an NC contact of 

carrier off relay 7Kl and the carrier alarm switch on the customers 

operating console. Whenever the ca,:Tier drops to approximately 20 

per cent of normal voltage.P 7Kl falls out and 5El rings to warn 

the operator. 

HV Rectifier Tube Change 

Refer to Fig. 40. 

Rectifier tube change contactors 4Kl, 4K2, 4K5, 4K4, 4K5, 4K6 

are mechanically held in the position in which their coils are de­

energized. To connect the spare rectifier tube into a tube posi­

tion, the TUBE CHANGE SELECTOR 'switch 452 is first set for that 

position. When TUBE CHANGE pushbutton 4IS3 (whose red light is 

illuminated if the HV rectifier is •on•) is pushed, 4K7 is ener-
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gized, and when it picks up the HV rectifier plate contactors drop 

out removing plate voltage. When the plate contactors drop out, 

voltage is removed from the TRC relay 4K8; after approximately l second 

4K8 falls out applying power to the reset coils of all tube change 

relays except the one selected, and to the latch coil of the selected 

one. The white indicating light (411, 412, 413, 414, 415, or 416) for 

the selected position then lights. Removing pressure from 4IS3 then 

permits plate voltage to be reapplied in the proper sequence and with 

the desired rectifier tube change. 
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Section VII 

-EXCITER-

General 

The Exciter cubicle contains the following circuits: 

Crystal Oscillator Type GL-837 

1st IPA Type GL-828 

2nd IPA Type GL-810 

3rd IPA 3 Type GL-8331 

Low Voltage Rectifier (750 volts) 2 Type GL-866-A/866 

Intermediate Rectifier (2800/1400 volts) 

AF Bias Rectifier (560 volts) 

PA Bias Rectifier (300 volts) 

Power Factor Correction Capacitors 

4 Type GL-8008 

2 Type GL-8008 

2 Type GL-866-.\/866 

All transformers in this unit are designed for 50/60 cps and may 

be used on either frequency without re-connection. The filament 

transformers are designed for either 230 or 208 volt primary (termi­

nals 1 and 3 for 230 volts, and terminals 1 and 2 for 208 volts). 

In this transmitter only the 230 volt connection is used. 

Besides the normal door interlock switch (1S3), safety grounding 

switches 1S2 and 1S6 operate to ground both d~c and a-c leads of the 

2800- 1400- and 750-volt supplies whenever the door is opened. 

Cqstal Oscillator 

The crystal-controlled oscillator is housed in a separate 

shielded compartment. It uses one Type GL-837 tube (lVl) in an 

electron-coupled circuit of exceptionally high stability. Two low 
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temperature coefficient crystals in individual thermocells (lYl and 

1Y2) are provided, either of which may be switched into the circuit 

by the CRYSTAL SELECTOR control 1S1. Indicator lamps 111 and 1I2 

associated with the Thermocells are located on the exciter front panel. 

Supply voltage for the crystal heaters is normally obtained from the 

station' s lighting supply (115 volts 50/60 cps) and is usually left 

on continuously, to maintain the crystals in a ready condition. 

FREQ TRIMMER capacitors 1C4 and 1C5 are for the purpose of providing 

a few cycles of frequency adjustment. (Use an insulated screwdriver.) 

Coil 112 and variable capacitor 1Cl3 (OCC PLATE) permit peaking 

of the crystal stage output, this adjustment having negligible effect 

on the oscill ator frequency. Coil 1L2 has three sections for covering 

the Standard Broadcast range (540 to 1600 KC). 

Adjustment@ 

Adjust the value of 112 by removing the cover from the oscillator 

unit and soldering the connecting wire to the proper terminal as 

indicated by the following table: 

Frequency Range 

540-700 KC 
701-1100 KC 

1101-1600 KC 

Connection 

Remove flexible jumper from term.l 
Connect 1 to 2 
Connect 1 to 3 

After adjusting 1L2, replace the cover on the oscillator unit and 

insert the GL-837 tube and the two crystal Thermocells. Apply power to 

the crystal heaters. Intermittent flashing of indicators 111 and 112 

(cycling of their thermostats) shows that the crystals have reached oper­

ating temperature. Start the transmitter by pressing the TRANS ON push­

button, which allows filaments to come on followed two minutes later by 

the LV and bias rectifiers. lRll, l.Rl2, and l.Rl4 are slotted-shaft 
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type potentiometers located on the rear of the panel near the oscilla­

tor compartment. Set 1Rl4 for 575 volts as measured from ground to 

crystal \lllit terminal 1-7-7. Set l.Rll for 125 volts measured from 

ground to the moving arm of lRll. Adjust 1Rl2 for 175 volts from 

ground to exciter unit terminal 1-1-12. Tune 1Cl5 for minimum plate 

current (approximately 15 ma) as read on llU. Check operation of 

the spare crystal by turning 1S1 to the other position. l.Rll, lRl.2, 

and lRl.4 are later adjusted to their final settings (3rd IPA TUNING) • 

1st IPA (GL-828) 

The 1st IPA stage uses one Type GL-828 tube (1V2) so operated 

as to place negligible load on the oscillator. The plate tank cir­

cuit consists of 1C20 and 1L5, which must be initially adjusted as 

follows: . 

Frequency Range 

540-970 KC 
971-1600 KC 

Connection 

Use entire coil 
Short out rear (larger) 
coil section 

This stage is biased by a combination of grid-leak and cathode 

bias (l.R9 and 1R21). Proper adjustment of 1C20 is indicated by a 

minimum reading on 1st IPA CATHODE CURRENT meter 1.149. 

Coil 1L4, consisting of several turns supported in a loop of 

copper tubing, provides unmodulated r-f output for the station 

frequency monitor. Coupling to 1L5 may be varied (by shifting the 

position of 1L4) to give the desired voltage. On initial adjust­

ment of 1L4, start with loose coupling and increase it gradually 

until sufficient output for the frequency monitor is obtained • 
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Carrier Trip Circuit 

In normal operation the screen of the GL-828 is at a positive 

potential. On actuating of the carrier trip circuit, relay 1.Kl 

reduces the plate current by applying negative screen voltage. This 

drops the transmitter output to a low value permitting an antenna 

arc to be extinguished, whereby lKl is de-energized and the carrier 

is restored. 1C75 and lR18 constitute a shaping circuit for prevent­

ing too rapid a rate of change of plate current during operation of 

lKl. The transmitter should normally be operated with the carrier 

trip circuit energized (POWER SWITCH 1S4 closed and 1IS5 lighted.) 

The circuit can be tested by depressing TEST button 1IS5 in which 

case carrier output should drop. (Bulletin EBR-95 gives interest­

ing information on Protection Against Carrier Failure). 

Tuning Procedur§ 

Before applying plate power remove the plate caps from 1V4, lVS 

am 1V6 (GL-85M tubes), and remove the /. B voltage from the GL-810 

stage by disconnecting from 1027 the bus which connects it to 1L8. 

Also, rotate the 3rd AF BIAS controls (5R29, 5R50) to their extreme 

COW position. 

Assuming that the oscillator has been tuned and LV rectifier 

is turned on, depress the INT PLATE ON pushbutton. Adjust 3RD AF 

BIAS controls (3R29, 3R50) for 125 ma as indicated on the respective 

3RD AF PLATE CURRENT meter, (00.0, 001) Tune capacitor 1020 (1ST 

IPA TUNING) for minimum cathode current (approximately 60 ma) as 

indicated on 1149. Adjust the position of' 1L5 for proper input to 

the station frequency monitor and trim each crystal for the precise 

frequency by means of FREQ TRIMMER 104 and lCS. 
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2nd IPA (GL-810) 

The 2nd IPA uses 1 Type GL-810 tube (1V5). Its tank circuit 

consists of inductor 1L9, variable capacitor 1054 and fixed vacuum 

capacitors 1028 through 1055. Make preliminary plate circuit tun­

ing adjustments in accordance with the following table: 

FREQ RANGE NUMBER OF VACUUM CON- SHORT BETWEEN 
(KC) DENSERS USED (1C28-1C55} TAPS (1L9} 

540-680 6 None 

*681-700 5 None 

701-800 5 11-12 

801-840 5 15-12 

841-870 4 11-12 

871-1000 4 15-12 

1001-1150 5 13-12 

1151-1500 5 14-12 

1501-1550 2 14-12 

15.51-1450 2 15-12 

1451-1600 2 15-12 

• For this range only, connect the incoming lead to terminal O with 

a length of tinned copper wire. 

Coil neutralization is used in this stage (GL-810). Inductance 

1L7 is resonated with the grid-plate tube capacity and 1025. This 

results in high grid-to-plate impedance and negligible'feedback. 

• Adjust the inductance of 1L7 as follows: 

1L7 

• 
Frequency Range 

540-800 KC 
801-980 KC 
981-1160 KC 

1161-1400 KC 
1401-1600 KC 

Connect shorting wire to indicated 
terminal (numbered from the bottom 
of the coil), 

• 
2 
5 
4 
5 

* Remove shorting wire so entire coil is used. 
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Bias !or the GL-810 tube is obtained from grid-leak resistor lRl.9 

and self-bias resistor 1R20. Overcurrent relay 5K26 (with its protective 

shunt 1R30) protects the stage from overload. Meter ll43 indicates 2ND 

IPA GRID CURRENT AND ll4, 2ND IPA PLATE CURRENT. 

Tunipg Procedure 

Note that the GL-833A plate caps and the /B lead from 1027 (taken 

of! 'during 1st i - p-a tune-up) are still removed. To prevent exoessive 

vol tages from being induced in 1L4, reduce its coupling to lLJ to a mini­

mum ,for initial tune-up. The lead from XJ on 1T9 should be connected to 

n. This provides appr oximately half of normal INT RECT voltage for 

testing. 

Start the transmitter by pressing the TRANS ON button. If the 

osc~llator and the GL-828 stage are operating properly, lM3 will indicate 

2ND ,IPA GRID CURRENT. Reduce capacity of 1023 (2ND IPA NEUTRALIZING) to 

l 

• 

• 

a minimum to · assure ,off-neutralization. Rotate 1034 (2ND IPA TUNING) • 

until a "kick" of 2ND IPA GRID CURRENT (JJ43) is obtained. This should 

occur at some setting between minimum and maximum. capacity of 1034. 

This procedure locates the plate circuit tuning pointo Make fine adjust­

ment of 1L9 by moving the jumper from the plate end of the coil to any 

' tap fl-onrl to 11 to give a desirable setting of 1CJ4. , 

Neutr alization is then performed by adjusting 1023 to that setting 

· which gives minimum •kick" on lJIJ as 1034 is tuned through resonance. 

, Reconnect th~ ,'B lead on lL8 and press the IN!' PLATE ON button. As a 

further ohec~ on neutralization note that, as 1034 is tuned through 

, resoruuioe, minimum 2ND IPA PLATE CURRENT (1114) and maximum grid current 

, (1M3} occur at the same setting - if not, readjust 1023 slightly. 

I jrd IPA " 

This stage uses three GL-8J3A tubes (1V4, 1V5, 1V6) operated in 
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parallel. The grid tank circuit consists of inductance lLll, 5RD IPA 

GRID TUNING capacitor 1C37 and fixed capacitors 1C55 and 1C36. Insert 

the proper capacitors and make initial adjustments of the two taps on 

lLll as indicated below: 

Frequency No. Turns included No. turns shorted 1C55 1056 
~ge in ground ( coupling) out on grid end Mfds llfds 

end of lLll of lLll 

540-680 KC 10 to 12 o, or 4 to 12 * .001 .001 

681-840 KC 7 to 9 12 to 19 .001 .001 

841-1000 KC 8 19 to 22 .001 .00068 

1001-1150 KC 6 to 10 19 to 24 .00068 .00068 

1151-1300 KC 5 to 6 23 to 26 .00068 .00047 

1301-1450 KC 5 24 to 26 .00047 .00047 

1451-1600 KC 4 to 5 26 to 28 .00047 .00047 

* Do not short less than 4 turns 

The plate tank circuit consists of 1Ll8, fixed capacitors 1C50 

through 1059, 1C88-1C91 and 3RD IPA PLATE TUNING capacitor 1C60. Uake 

initial adjustments as follows: 

Frequency Number of 100 mmf Numbe1i of Active 
Range Vacuum condensers used turns in 1L18 

(1050 through 1C59) 
{1C88 thro!aB:h 1C91) 

540-590 KC 14 26 to 28 ** 
591-680 KC 10 23 to 28 ** 
681-840 KC 9 18 to 24 ** 
841-1000 KC 8 14 to 19 

1001-1150 KC 8 12 to 14 

1151-1500 ICC 7 10 to 12 

1301-1450 KC 7 9 to 10 

1451-1600 KC 6 8 to 10 

** For these ranges only, remove the link on the high-voltage end of 
1Ll8 so the unused turns are not shorted. F9r the other ranges, 
allow the link to remain in place so that unused turns are shorted 
out. 
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PA grid circuit drive is obtained by inductive coupling to 1Ll9. 

Coarse adjustment of loading is provided by varying the number of active 

turns on 1119 aoo fine adjustment by varying its coupling to 1Ll8. Make 

initial adjustments as follows: 

Frequency Range 

540-680 KC 
681-920 KC 
921-1140 KC 

1141-1410 KC 
1411-1600 KC 

No, of Active Turns used on 1Ll9 

20 
16 
12 
10 

8 

Procedure for making final adjustment of coupling is given 

in Section VIII on the Power Amplifier. 

Coil neutralizing is used in the 5:rd IPA stage, taps on coil lIJ.6 

providing coarse adjustment, and 3RD IPA NEUTRALIZING capacitor 1048 

permitting fine adjustment. Make the following preliminary adjustments 

of lIJ.6: 

Frequency Range Connect shorting lead to indicated 
tap (numbered from upper end of coil) 

540-660 KC 

661-750 KC 1 

751-860 KC 2 

861-980 KC 5 

981-1100 KC 4 

1101-1225 KC 5 

1226-1565 KC 6 

1566-1500 KC 7 

1501-1600 KC 8 

Approximately 80 volts or holding grid bias is obtained from the 

U Bias Rectifier through 1R48 to limit the plate current to about 10 

to 20 ma due to loss of excitation. This is needed during carrier trip 

circuit operation. During normal operation, the grid leak bias overrides 
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the holding bias. Meter 1145 indicates total &ID IPA GRID CURRENT and 

meters l.J46, 1M7, and lll8 indicate 5RD IPA CATHODE CURRENT for 1V4, 

1V5, and 1V6 respectively. Resistors l.R24, 1R26, 1R51 protect the 

meters from intermediate rectifier voltage in the event of an open­

meter. Over cm-rent relay 5K27 located in the Control Unit protects 

the stage from overload. 

Tuning Procedure 

Replace the plate caps on the three Gt-85&. tubes and remove fB 
voltage by disconnecting from 1049 the wire which comes from 1R45. 

For first ttme up, it is advisable to allow the lead from X5 of 1T9 

to remain on terminal Il. 

Start the transmitter and tum on intermediate plate power. 

Tune &ID IPA GRID TUNING capacitor 1C57 for maximum grid current on 

lM.5 and adjust the 5RD IPA EXCITATION (lLl.O) so that 1145 reads approxi­

mately 100 ma. If necessary, readjust the 2ND IPA TWING and 1C57 • 

Reduce the capacity of 1048 to minimum to assure off-neutraliza­

tion. Rotate 1060 (3RD IPA PLATE TUNING) until maximum reaction on 

grid current (ll15) is obtained. This tuning point should appear at 

some position between minimum and maximum capacity (the tap on lLl.8 

may require slight readjustment). This procedure determines the tun­

ing position of 1C60. 

Neutralization is then performed by adjusting 1048 to the value 

which permits a minimum of grid cm-rent deflection (1145) as the 

plate tuning condenser (1060) is tuned through resonance. 

Reconnect the fB lead to 1C49 and apply intermediate rectifier 

power. Check neutra~ization by noting whether or not maximum grid 

cm-rent and minimum plate current occur at the same setting of 1060 

(it' not, readjust 1C48 slightly). 

-45-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Replace the lead from Il of 1T9 on terminal X5 to permit the 

application of normal voltage on all exciter stages. Recheck ttming 

and neutralizing with the coupling between 1L9 and lLlO (5RD IPA 

EXCITATION) adjusted for approximately 240 ma of 5RD IPA GRID CURRENT 

(l.US). If necessary, readjust inductances 1L9, lLll and 1Ll8 slightly 

to give approximately midscale setting of their corresponding capacitors. 

On initial installation check ~ircuit stability by removing the 

crystal in use and noting that all grid currents fall to zero even 

when the tank circuits are detuned about the operating point. Further 

stability checks can be made by depressing the Carrier Trip circuit 

TEST Button 1IS3. With the intermediate rectifier turned on, readjust 

lRll, 1Rl2, and 1Rl4 as described in the section on the Crystal Oscil­

lator. 

Low-Voltage Rectifier 

Two GL-866-A/866 rectifier tubes (1V7, 1V8) in a single phase full­

wave circuit operate into the choke input filter consisting of 1L20, 

1C64, 1L21, and 1065. This supply furnishes d-c for the crystal oscil­

lator, for the screen and the suppressor of the GL-828, and for the 1st 

audio stage. Voltage divider circuit (lRlO through 1Rl5) permits adj_ust­

ment of the output voltages as indicated by Fig. 40. LV RECTIFIER meter 

(1M2) indicates d-c voltage output (approximately 750). Primary taps 

permit i 5 per cent adjustment of voltage. This rectifier is protected 

from overload by breaker 5S12. 

Intermediate Rectifier 

The intermediate rectifier uses four GL-8008 tubes (1V9, lVlO, 1Vl6, 

1Vl7) in a duplex circuit providing output at two voltages. All four 

tubes operate in a full-wave bridge circuit supplying approximately 

2800 volts (filtered by 1L24, 1L25, and 1068 through 1C71). Rectifier 
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tubes 1V9 and lVl0 also operate as a single-phase full-wave rectifier 

supplying approximately 1400 volts (filtered by 1L22, 1L23, 1C66, 

1C67, 1C86 and 1C87). Primary taps on 1T9 permit output voltage 

adjustment oft 5 per cent and also a 50 per cent voltage reduction 

to be used in testing ( tap X4 for /.5 per cent, X3 normal, X2 for -5 

per cent, n for -50 per cent). 

The 1400-volt section supplies plate power to the GL-828 and 

GL-810 stages and to the 3rd audio. The 2800-volt section is used 

for the 3rd i-p-a (GL-8351\) and for the 2nd audio stage. Overcurrent 

relay 5K25 and breaker 5Sl5 protect the intermediate rectifier from 

overload. INT RECTIFIER meter llll1 provides indication of output 

voltage. 

-r 
Audio-Frequency: Bias Rectifier 

The AF bias rectifier provides bias for the modulator driver 

and for the modulator. It also provi~es holding bias for the 

GL-833A tubes. Two GL-8008 rectifier tubes (1V20, 1V21) in a 

single-phase full-wave circuit provide an output of approximately 

-562 volts (ll0.5) through a choke input filter to the bias network 

in the modulator cubicle. Primary taps permit t 5 per cent and 

i 10 per cent voltage adjustment. IB47 drops the voltage to the 

correct value for holding bias. Undervoltage relay 5Kl7, located 

in the Control cubicle, prevents application of intermediate 

rectifier voltage in case of bias failure. 

Power Amplifier Bias Rectifier 

Two GL-866-.l/866 tubes (1Vl8, 1Vl9) in a single-phase full­

wave circuit provide holding bias for the p-a stage. Under-voltage 

relay 5IU8, in the Control cubicle, is energized through resi~tors 
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1R44 and 1R45. This relay prevents application of p-e. plate voltage 

without protective bias. PA BIAS RECTIFIER meter ll0.2 will indicate 

approximately 500 volts with no p-e. grid excitation. On application 

of grid drive to the p-a, llU2 will indicate approximately 540 volts 

due to the greater voltage developed by the p-e. grid leak. Under 

this normal condition, the bias rectifier is not delivering any 

current. 
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Section VIII 

-POWER AMPLIFIER-

General 

The Power Amplifier uses two Type GL-895-R tubes operated in 

parallel and coil neutralized. The cubicle is separated into front 

and rear sections by a vertical panel. The three GL-895-R power 

amplifier tubes (2Vl, 2V3 and spare 2V2), the grid tank circuit, 

and the filament voltage-adjusting transformers are located in the 

front section. The plate tank circuit, the harmonic filters, and 

the filament transformers are in the rear section. The plate choke 

coil, its bypass condenser, and the HV voltmeter multiplier are 

located in the air box (below the tubes). All access doors have 

interlock switches (2815, 2S16, 2S17) which operate to remove plate 

viltages whenever a door is opened. In addition, safety switches 

(286, 2820, 2S21) positively ground all high voltage circuits. r 

Motor drive is used for tuning the grid tank, the plate tank, 

and the plate loading circuit. The associated key switches 2S1, 

282, 2S3 are located on the left front door. Switch 2S9 permits 

removal of power from the tuning switches to prevent inadvertent 

operation. Indicating light 211 (green) indicates voltage to the 

tuning switch. Indicating light 212 (white) indicates operation 

or the end-of- travel limit switches (2s11, 2S12) of the grid tank 

coil. On the right front door are located the pushbutton controls 

(21S1, 21S2, 21S3, 21S4) for the intermediate and HV rectifier. 

The filament voltmeter transfer switches 2S4, 2S5 permit measure­

ment of filament voltages (2115) to neutral. 
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Four large meters are located across the top of the Power Amplifier 

cubicle and read ANTENNA CURRENT, PA GRID CURRENT, PA PLATE CURRENT, and 

PA PLATE VOLTAGE (2M4, 2Ml, 2M2, 21&5 respectively.) The ANTENNA CORRENT 

meter (2M4) is operated from the monitor rectifier located in the antenna 

tW1ing house. Smaller meters 2116, 2147, 2145 read LEFT CATHODE CURRENT, 

RIGHT CATHODE CURRENT, and FIL VOLTAGE, respectively. 

Interlock switches 2S14 and 2519 prevent application of filament 

power if' the removable air box panels are not in place. CAUTION, !2m 

operate the transmitter with the spare tube removed from its socket, 

5K57 and 5K58 in the Control Unit protect the tubes in this stage from 

overload. 

Filament Circuit 

One group of filament transformers (2Tl2, 2Tl5, 2n4) is connected 

with delta primary and wye secondary while the other group (2Tl5, 2Tl6, 

2'1'17) is connected with wye primary and wye secondary. This connection 

produces a 180 degree phase difference between the 560 cps hum frequency 

components in the LH and RH tubes and obtains a considerable degree of 

filament hum cancellation. Filament transfer switches 2S7 and 2S8 per­

mit connecting the spare GL-895-R into either the LH or RH position 

(the proper grid and plate links are likewise transferred). The "down• 

position of the two transfer switches is normal. Throwing~ switch to 

the •up• position connects the spare tube filaments into the circuit. 

To prevent application of filament power with !?2.!:h switches in the •up• 

position, interlock switches 2S25 and 2S26 are provided. FIL VOLTAGE 

switch 2S15, conveniently located on the p-a sub-panel, permits de­

energizing of the p-a filament contactor. This switch should be 

operated before throwing a filament transfer switch or adjusting a fila­

ment voltage-e.djusting transformer. 
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Filament voltage-adjusting transformers 2T3, 2T4, 2T5 permit adjust­

ment of the magnitude and balance of filament voltage of the LH tube. 

2T6, 2T7, 2T8, permit corresponding control for the RH tube. Refer 

to Section II on the AUDIO-MODULATOR for the procedure to be used in 

setting the filament voltage. Due to the more than adeque.te emission 

capabilities of the GL-895-R, it is not necessary to operate the fila­

ments at rated voltage (19 volts). It will usually be found that fila­

ment voltage of approximately 18 volts is sufficient. It may be 

necessary to increase this value slightly after the tube has been in 

service for several thousand hours. Operation at reduced filament 

voltage results in increased tube life (operation at 95 per cent giv-

ing approximately 200 per cent and at 90 per cent approximately 400 

per cent of normal life). See also Section XV on MAINTENANCE. 

Plate Choke Coil 

The plate r-f choke coil (2Ll0) installed in the transmitter 

depends on the customer's frequency. Selection of this coil is made 

as indicated in the following table: 

2IJ.0 

Frequency Range G-E Drawing No. Diameter; No, of turns 

540-760 KC ML-7768791Gl 611 Dia. , 356 turns 

761-1200 KC ML-776879501 5" Dia., 
• J 

286 turns 

1201-1600 KC 14L-7768795Gl 4" Dia., 250 turns 

Grid Circuit 

The grid tank circuit consists of fixed capacitors 2031, 2032, 

2033 and variable inductor 2Ll. The inductance of 2Ll is adjust­

able in coarse steps by means of taps. Fine control is obtained by 

a motor-driven adjustment of the position of a movable copper cylinder. 
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The grid.:leak 2Rl, consists of four 240-ohm resistors in series, 

one of which is tapped in 40-ohm steps to permit adjustment. For 

initial tuning, a grid leak value of approximately 920 ohms is satis­

factory. This produces 920 volts of operating bias with l.0 amperes 

grid current. The exact value is not critical. 

Holding (zero excitation) bias is obtained trom the p-a bias 

rec\ifier in the Exciter Unit and is applied through resistor 2Rl5 

across 480 ohms of 2Rl. 2Rl5 is tapped in 10 per cent steps to permit 

adjusting of the resting bias. For initial adjustment it should be 

varied to produce about 225 volts of bias as measured (at zero exci­

tation) f rom the p-e. tube grids to ground. This bias is sufficien\ 

to reduce the p-e. plate current (2142) to approximately L,5 ampere 

when the Carrier Trip circuit operates. 

Make initial selection of capicitors as followsi 

Frequency Range 

540-590 KC 

591-770 KC 

771-950 KC 

951-1050 KC 

1051-1200 KC 

1201-1325 KC 

1326-1475 KC 

1476-1600 KC 

PA GRID CAPACITORS 

2C31 2C52 

M-2R48Pl4 
(0002 m.f'd) 

14-7479203Pl 
(.0016 m.fd) 

" 

" 

" 

M-2R48Pl2 
( 0 0012 mfd) 

M-2R48Pll 
(.001 mtd) 

M-2R48Pl4 
(.002 mfd) 

M-7479203Pl 
(.0016 mfd) 

• 

• 

• 

~4BPll 
(oOOl mfd) 

• 

2C55 

M-2R48Pl4 
(.002 m.f'd) 

11-2R48Pl4 
(.002 mfd) 

14-7479203Pl 
(.0016 mfd) 

14-2R48Pl2 
(.0012 m.f'd) 

14-2R48Pll 
(.001 mfd) 

• 

• 

11-2R48Pl0 
(.008 mf'd) 

• 

• 

• 

• 

• 
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Make initial adjustment of taps on 2Ll as follows: 

- 2Ll -
Frequency Range Approximate No. of turns Approximate No. of 

shorted out coupling turns above 
shorting tap 

540-575 KC 0 7 

576-630 KC 0 6 

631-700 KC 2 5 

701-800 KC 4 5 

801-960 KC 7 4 

961-1100 KC 10 3 

1101-1340 KC 12 2 

1341-1600 KC 13 1t 

Neutralizing Circuit 

Coil neutralizing is employed; the grid-to-plate capacities of 

the two operating tubes plus stray capacities tune to the operating 

frequency with coils 212 and 213. This type of neutralizing circuit 

is employed because of its effectiveness, comparative freedom from 

parasites, and broadness of adjustment. Coil 213 is provided with 

a slider which permits single turn adjustments, while coil 212 may 

be adjusted in increments of 12 turns. For the higher frequencies 

212 is omitted. The settings are sufficiently broad so as to make 

readjustment l.lllllecessary when changing tubes • 

Make preliminary adjustments as follows: 

212 and 213 

Frequency Range Approximate No. of Turns Approx. No. of Turns 
Shorted out on ~2 Shorted out on ~3 

540-590 KC 0 6 to 26 

591-850 KC 12 6 to 26 

651-720 KC 24 6 to 26 
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Frequency Range 

721-790 KC 

791-890 KC 

891-970 KC 

971-1080 KC 

1081-1600 KC 

Plate Tank Circuit 

2L2 and 2L3 CONTINUED 

Approximate No. of Turns 
Shorted out on 2L2 

36 

48 

60 

72 

OMIT COIL 2L2 

Approximate No. of Turns 
Shorted out on 2L3 

6 to 26 

6 to 26 

6 to 26 

6 to 26 

6 to 52 

The plate tank circuit consists of motor-driven tuning capacitor 

2Cl, inductance 2L4 and motor-driven variable output-coupling capacitor 

2C2 connected as a "Pi• network. The load impedance across 202 is 

normally approximately 230 ohms. The variable capacitors (201 and 2C2) 

are gas filled (increase pressure to 175-200 psi by adding dry nitrogen, 

see Section r/ on MAINTENANCE) and are controlled by motors 2131 and 2132 

respectively. Enough range is provided in 2Cl and 202 to permit at 

least i 25 per cent change in output power by varying loading if desired. 

For small changes in loading (2C2), the change in tuning (2Cl) is 

negligible. 

Figure 18 shows the variations of effective plate tank-circuit Q, 

approximate capacitance values of 201 and 202, and approximate induct­

ance value of 2L4 over the frequency range. 

Figure 19 shows the approximate capacitance of 201 and 202 vs. 

their scale readings, and the inductance value of 2L4 vs. its number 

of turns. At frequencies above 650 KC the unused turns on the end of 

2L4 nearest 2Cl should be shorted out by means of the strap provided. 

Harmonic Filters 

The filter consisting of inductances 2L6 and 2L7 and vacuum 

capacitors 2018 through 2C29 (the number depends on frequency and 
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transmission line impedance) mounted in the upper rear section of the 

PA cubicle is used to attenuate r-f harmonics, and to change the 

transmission line impedance to the proper value (250 ohms) for the 

p-a tank circuit. The connection used is the conventional •Tn net­

work. 

For a 250-ohm transmission line, the characteristic impedance 

of the filter is adjusted to 230 ohms. 

21 = 230 ohms zi = characteristic impedance of filter 

Z1 = /. j 230 ohms Z1: reactance of each series leg 

Zc = -j 230 ohms Zc = reactance of sh\lll t leg 

Values of shunt leg capacity corresponding to 250-ohm and 70-ohm 

transmission lines are given in the following tables. 

For feeding a transmission line of surge impedance other than 

70 or 230 ohms, the characteristic impedance of the filter is 

determined as follows: 

Z1 = ✓ 230 Z0 , where Z0 is the surge impedance of the transmission 
line. 

Then, ~l = /. j ✓230 Z0 

Zc = - j ✓250 Z0 

To increase the effectiveness of the harmonic filter at the 

second harmonic frequency,~ anti-resonant circuit (2L5, 2C30) is 

provided in series with the input l eg of the "T•· filter. When 

properly adjusted, the circuit greatly increases the attenuation 

of this harmonic. Inasmuch as the combination 2L5-2C30 presents 

an inductive reactance at the fundamental frequency, the value of 

2L6 is decreased below the value of 2L7 by this amount. Figs. 20, 

21, 22, 23 give the data for determining the approximate number of 

turns to be used on 2L5, 2L6 and 2L7 • 
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Select the value of 2030 from the following tables 

~ 

Frequency Range 230-ohm line 70-ohm line 

540-700 KC M-2R48Pl2 14-2R48Pl4 
(.0012 mfd) (.002 mfd) 

701-950 KC 14-2R48Pll M-2R48P13 
( .001 mfd) (.0015 mfd) 

951-1100 KC M-2R48Pl0 11-2R48Pl2 
( .oooa mfd) (.0012 mfd) 

1101-1300 KC M-2R48P9 M-2R48Pll 
( .0006 mfd) (.001 mfd) 

1301-1600 KC 14-2R48P8 14-2R48Pl0 
( .0005 mfd) (.0008 mfd) 

The sh\Dlt leg of the harmonic filter consists of a bank of vacuum 

capacitors (2018 through 2C29), the number used and their values depend­

ing on frequency and the surge impedance of the transmission line. Make 

• 

• 

selection of capacitors using the following tables: • 

• 
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Pickup Coils 

Pickup coil 2Ll3 is loosely coupled to the p-a tank coil 21.4. 

One half of 2Ll3 provides r-f voltage for operation of the modula­

tion monitor while the other half provides voltage for operation 

of distortion measuring equipment. Taps are provided on 2Ll3 so 

that the voltages of the two halves can be independently adjusted. 

To adjust for correct input to monitoring equipment, start with a 

minimum number of turns. Increase (by changing taps) until suf­

ficient voltage is obtained. 

Tuning and Neutralizing Procedure 

The following instructions are written on the basis that the 

exciter has been tuned, the transmission line is properly term­

inated (see Section XIV) and that the proper capacitors and approxi­

mate number of coil turns have been selected in accordance with 

the 

(1) 

(2) 

curves and tables in this section • 

Proceed with p-a tuning and neutralizing as follows: 

Disconnect the output connection (only) from 2C2. Reduce 

exciter plate voltage by moving lead on 1T9 to Xl. Open the 

HV REX:T BREAKER (5S2). 

Push the INT PLATE ON button and tune the p-a grid coil 

(key switch 2S1) for a peak in grid current (00). It may 

be necessary to change the number _of active turns on 2Ll 

slightly to obtain a definite peak. Adjust the coupling 

between 1Ll8 and 1Ll9 (Exciter cubicle) for approximately 

0.7 amperes of PA GRID CURRENT (2Ml). 

(3) Set the number of turns on 2L4 according to the curve on 

Fig. 19. (Tap in from each end). It will be noticed that, 

as 2Cl tunes through resonance, a pronounced dip occurs in 

p-a grid current due to lack of neutralization. Adjust the 
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the filter circuit (2L5, 2050, 2L6, 2L7, 2Cl8 to 2C29) connected 

to the transmission line as indicated on Elementary Diagram 

Fig. 40, connect an r-f bridge to this lead. Adjust the taps 

on 2L7 and 2L6 until a reading of approximately 250-ohms resist­

ance and zero reactance is obtained. It will be noted that 

adjusting 2L7 has greater effect on the resistance value while 

2L6 has greater effect on the reactance value. 

(7) Reconnect the output lead to 202; re-close the HV RFCT BREAKER 

(with 5S2) and set the HV TRANSFORMER TAP Switch 4Sl to the 60 

per cent setting. Push the HV PLATE ON button. 

(8) Tune the plate capaoitor 201 (key switch 2S2) for minimum PA 

PLATE CURRENT (2M2). Adjust loading capacitor 202 (while read­

justing 201 for minimum plate current) for approximately 18 kw 

output (approximately 5.7' amps on 21.42). 

(9) Check grid tuning for maximum grid current (approximately 1.2 

• amps). Check neutralizing by tuning the plate tank condenser 

(2Cl) back and forth through resonance and noting whether or 

not the PA GRID CURRENT peak occurs at the same setting as 

the PA PLATE CURRENT minimum. If not, the nW11ber of turns on 

2L5 should be changed slightly until this condition exists. 

• 

.. 

A further check on completeness of neutralizing may be made 

later at full power while applying 100 per cent sine wave 

modulation and adjusting 2L5 slightly to produce the thinnest 

oscilloscope line on negative peaks (0 voltage with complete 

neutralization). 

(10) Set 4Sl to the 100 per cent HV TRANSFORMER TAP. Apply power 

and adjust 2C2 (with 201 tuned for minimum plate current) 

for 50 kw output. Grid current should be approximately 1.0 

amps. If necessary, adjust coupling between lIJ.8 and 1Ll9 to 
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give this value, and lock the position of 1Ll9 on its shaft by means 

of the set screw provided. A considerable variation in loading can 

be made with negligible effect on plate tuning. However, optimum 

efficiency will be obtained with 201 tuned slightly to the low capacity 

side of the minimum plate current point. The proper point is readily 

obtained by adjusting 201 and 202 so as to obtain the correct output 

with lowest input. 

hum level. 

This tuning point also produces lowest carrier 
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Section ll 

-AUDIO-MODULATOR-

General 

The Audio-Modulator cubicle is separated into front and rear 

sections by a vertical panel. In the front section are located the 

three GL-895R modulator tubes (one a spare). These are readily 

visible through windows in the front doors. The three lower­

powered AF stages are mounted on the rear of the vertical panel and 

are visible through the rear door window. They employ tubes as 

follows: 

1st Audio Stage 

2nd Audio Stage 

2 Type GL-857 

2 Type GL-5C24 

3rd Audio Stage (Modulator Driver) 4 Type GL-5024 

All access doors have door interlock switches (5Sl2, 5Sl5, 3Sl4) 

which operate to remove plate voltages when a door is opened. In 

addition, safety switches (5S5, 5Sl6, 5Sl.7, 5S18) positively ground 

all circuits of 750 volts and over. 

The controls which are desirable for occasional adjustments, 

such as modulator and 3rd AF stage bias controls and modulator fila­

ment voltmeter transfer switches, are conveniently located on the 

front doors. Meters 5144, 5145, 5M2 and 5141 which indicate incoming 

LINE VOLTAGE, regulated BUS VOLTAGE, LH MOD PLATE CURRENT and RH 

MOD PLATE Ct.RRENT respectively are of the latest 240 degree type 

and are easily readable from a distance. Other meters are easily 

read through the front door windows. 

1st AF Stage 

This stage uses two type GL-837 pentodes (5Vl, 5V2) operating 
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push-pull Class A, resistance-coupled. The 750 volt plate supply and 

the 175 volt screen voltage are obtained from the LP rectifier in the 

Exciter cubicle. Variable resistors 3R59 and 3R60 provide cathode feed­

back for this stage. Variable resistor 5R61 permits variation of GL-837 

bias for proper cathode current on 3M8 and 3M9 (22.5 ma). Ca~acitors 

3C5, 306, 5Cl7, 5Cl8 and resistors 3R51, 3R52 comprise a high-frequency 

attenuation circuit which provides a desirable amplifier characteristic 

for use with overall feedback. 

Normal transmitter audio input level is 10 dbm i 2 db. This 

connects to terminals 3TB7-l and 3TB7-2 (with shielded wire). Input 

transformer 5Tl2 is normally connected for 600-ohms input impedance. 

If desired 5Tl2 can be reconnected for 150-ohms input impedance (by mov­

ing the connection on transformer terminal 1 to terminal 9, and the 

connection on terminal 4 to terminal 10). 

This transformer has an electrostatic shield between its primary and 

secondary windings. The secondary winding is in two sections to permit 

insertion of the feedback voltage from the modulator plates. Resist~rs 

3R62 and 3R65 terminate the secondary to give correct input impedance. 

Relay 3K4 (de-energized during normal operation) operates to insert 

in the audio input a pad (3R84, 5R85, 3R86) of approximately 15-db attenu­

atio~. The relay is energized during two conditions: 

(1) Prior to the closing of HV run contactor 6K5. Otherwise 

the 5rd audio stage might be overloaded during starting 

periods due to the absence of feedback voltage from the 

modulator plates. 

(B) During operation of carrier trip relay lKl. Otherwise 

the increase of modulator load impedance could cause ab­

normally high modulation transformer voltages. 
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Adjustments 

Before inserting the GL-837 tubes in their sockets set 3R59 and 
~ 

3R60 to 90 ohms each and tighten their locking nuts. Insert the 

GL-837 tubes and permit the LV rectifier to come on. Read 3M8 ,and 

3M9 (1ST A-F CATHODE CURRENT) and adju~ or approximately 22. j 

ma each. ·l 
2nd AF Stage 

This stage uses two Type GL-5C24 triodes (3V3, 3V4) operating in 

push-pull Class A. Cathode bias is provided by fixed resistor 3R40 

and variable resistor 3R39. 2ND A-F PLATE CURRENT is indicated on 

3M6 and 3M? (normally 95 ma each) . Variable resistors 3R80 and 3R81, 

adjustable from the rear of the cubicle with power on, permit accu­

rate setting or filament supply center-tap for minimum 60 cps hwn. 

The cases of input and output blocking capacitors (3Cl9, 3C20, 3Cl0, 
-

3Cll) are insulated from ground for lowest phase shift at high 

frequencies. Capacitors 3C7, 3C8, 3Cl5, 3Cl6, 3R49, 3R50 comprise 

a low-frequency attenuation circuit which provides a desirable 

amplifier. character.istic for use with feedback. 

Adjustments 

Set 3R80, 3R81 and 3R39 to their approximate mid-positions. 

Press INT PLATE ON button and read 3M6 and JM7. Adjust 3R39 so 

these meters read approximately 95 ma each. 

3rd AF stage (Modulator Driver) 

This stage uses four Type GL-5C24 triodes operating Class AB1 

in a push-pull parallel direct-coupled circuit • 
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The type GL-5C24 is particularly suitable for the direct coupled circuit 

due to its low internal plate resistance. 

Meter .3M10 indicates the total plate current of tubes .3V7 and .3V8. 

Meter .3Mll reads the plate current for .3V5 and .3V6. These meters are 

readily visible through the window in the left hand front door. Bias 

controls JR.30 and .3R29 (.3rd AF bias) pe:rmit adjustment from the front 

door., Normal reading of meters .3M10 and .3Mll is 100 ma each at zero 

modulation. Plate voltage for this stage is obtained from the half­

voltage tap of the intermediate rectifier. 

Output of the driver stage is impressed across reactor .311. Thia 

reactor has t-wo windings tightly coupled together. Resistors .3R22 and 

.3R2.3 serve to present a more constant load to the .3rd AF stage. 

Overload relays 5K28 and 5K58 located in the control cubicle pro­

tect the tubes and circuit. 

Adjustments 

Turn front door bias controls .3R29 and JR.30 to their extreme CCW 

positions. Replace the caps on .3V5, .3V6, .3V7 and .3V8 and apply plate 

voltage. Rotate bias controls for 100 ma plate current as indicated 

on meters .3M10, .3Mll. If there is reason to suspect that the two tubes 

on each side of the circuit are not sharing the load. equally, this can 

be readily checked by measuring the plate currents, taken one tube at a 

time, for a fixed position of the bias control. The tubes can then be 

paired for similar characteristics. An occasional check will show 

whether or not a tube is losing emission. 

Modulator 

This stage uses Two Type qL-895-R forced air-cooled tubes (.3V9, 

.3Vll). A position is supplied for an additional tube (.3Vl0) used as a 

spare. Filament switches permit trans! er of the spare tube to either 
-66-
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LH or RH position. Disconnecting links permit transfer of spare tube 

grid and plate connectors to LH or RH. Proper positioning of the 

grid and plate links is apparent upon inspection. MOD FIL VOLTAGE 

switch 3$10, conveniently located on the modulator sub-panel, permits 

de-energizing of the modulator filament contactor. Switch 3Sl0 should 

always be operated before throwing a filament transfer switch or set­

ting the tap on a filament-adjusting transformer. The •down" position 

of the two filament transfer switches (3S8, 3S9) is the normal position • 

Throwing .2B!. switch to the upper position (after operating 3$10) dis­

connects the filament transformer from the original tube and connects 

them to the spare tube. 

To prevent application of filament power with~ switches (3S8, 

3S9) in the •up• position, interlock switches, 3S19 and 3S20, are 

provided. 

Bias adjustments are available by means of front door controls 

3R26 and 3R27. 3R26 is a balancing adjustment used tor setting the LB 

and RH plate currents to the same value. 3R27 controls the bias to 

both tubes and is used for adjusting the value of resting (zero modu­

lation) plate current. Relays 3Kl, 3K2, 3K3 automatically adjust the 

bias for the proper plate voltage as determined by the position of HV 

rectifier switch 4Sl. Horn gaps 5El, 582, 583 are provided for pro­

tection of the grid c;rcuit in case of •arc-back.• Adjustment of 

these is covered in Section rl, MAINTENANCE. 

Filament voltmeter transfer switches 3$6 and 3S7 permit measure­

ment of filament voltages to neutral. Filament voltage-adjusting 

transformers 3T3, 3T4 and 3T5 permit adjustment of the magnitude and 

balance of filament voltages of the LH tube. 3T6, 'Sr7 and 3T8 permit 

corresponding control for the RH tube. Due to the more than adequate 

-67-

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

emission capabilities of the GL-895R it is not necessary to operate 

the filament at rated voltage (19 volts). It will usually be fomid 

that a filament voltage of approximately 17.5 volts is sufficient for 

the modulator. It may be necessary to increase this value slightly 

after the tube has been in service for several thousand hours. Op­

eration at reduced filament voltage results in increased tube life 

(operation at 95 per cent giving approximately 200 per cent and at 

90 per cent approximately 400 per cent of normal life). See also 

Section XV, MAINTENANCE. 

The modulation transformer (6Tl0) and modulation reactor (6Ll) 

are located externally. The d-c blocking capacitors (4C7 through 4Cl2) 

are located in the Rectifier cubicle. 

Feedback voltage is derived from. the modulator plate circuit. 

Capacitors 3024 and 5C25 block the d-c from the feedback voltage 

divider (fixed resistors 5R64 through 3R73 and variable resistors 

5R74 and 5R75). 3R41 and 5R48 prevent static charges from accumulat­

ing on the cases of 3024 and 5C25 respectively. 

General Adjustments 

With normal air flow to the modulator tubes, with tube seal air 

deflectors in place, and with filament switches and grid and plate 

transfer links properly thrown, turn on filaments. WARNING. ~ 

operate the tubes with the spare tube socket open (tube removed) or 

with the front plates off the air box. Adjust the filament voltages 

to approximately 17.5 volts to neutral with good balance between 

phases. This adjustment is made (after first turning filaments off 

by means of 3Sl0) by rotating the links on the proper voltage-adjust­

ing transformers. The filament voltage increases in approximately 5 

per cent increments as the links are moved CW from tap 5 to tap 14. 
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Moving the other links (tap 17 to 21) permits approximately l per cent 

adjustment. 

Rotate bias control 3R27 to its extreme CCW position. The p-a 

having been properly ttn1ed and loaded, turn on the HV recti.f'ier. 

Adjust 5R26 and 5R27 for resting (zero modulation) MOD PLATE CURRENT 

(5Ml and 3112) of O.l to 0.2 amperes each. Adjust 5R80 and 3R81 slight­

ly for lowest 60 cps carrier hum. 

Adjustment of Feedback 

The value of feedback voltage is determined by the resistor values 

of 5R74 and 5R75. Adjust 5R74 and 5R75 to 400 ohms each and tighten 

the locking nuts. With 5R59 and 5R60 each locked at 90 ohms, the 

overall audio feedback is then 14 db. 'This value gives an optimum 

balance between distortion and noise level. 

Adjustment of Bias Network 

Refer to Fig. 40. 

When the HV TRANSFORMER TAP selector switch, 451, is in the 100 

per cent position, bias relay 3ll is energized. 

and 3R56 and applies full bias to the modulator. 

This shorts out 5R55 

5R27 is then adjust-

ed as outlined tlllder General Adjustments for proper modulator resting 

plate current. 

With switch 481 in the 80 per cent position bias relay 3K2 is 

energized. This relay shorts out only a portion or 5855 and 5R56, 

and also shorts out a portion or 5R25. In adjusting the taps on 

these resistors, the amount inserted in the circuit by 3R55 and 

5R56 is made the same as the amount shorted out or 5R24 and 5R25. 

(This keeps the total resistance constant so the bias of the 3rd 

AF stage is not changed). With proper adjustment of the taps, the 

setting of 5R27 will not require changing when the plate voltage 
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is dropped to 80 per cent. 

With switch 4Sl in the 60 per cent position bias relay 5K5 is 

closed. This shorts out a greater portion (than does 5K2) of resistors 

5R24 and 5R25 and a lesser portion of 5RSS. Again the total resistance 

is kept constant, and with proper settings it becomes unnecessary to 

readjust 3R27 when running at 60 per cent of normal plate voltage. 

The circuit is so arranged that with 4Sl in a mid-position, the 

modulator bias goes to the 100 per cent value and the 3rd AF bias still 

remains at its proper value. 

The taps on 5R24, 5R25, 5RSS, and 5R56 are set in the factory. 

Adjustment for Lowest Carrier Hum Level 

Due to the phasing of the p-a filament transformers and to the 

ample excitation available at the p-a grids, carrier hum level of this 

Transmitter is low. 

It is advisable to employ low resting modulator plate current 

(.1 to .2 amps) and to balance plate currents at zero modulation. 

This operation is also most economical. Due to the use of feedback 

and the initial low distortion of the audio channel, operation with 

low resting plate current produces negligible distortion. 

Operating the p-a filaments ·at reduced voltage (desirable also 

for long tube life) helps maintain low hum level. With the trans­

mitter properly adjusted, the carrier hum level should be approxi­

mately 58 db below 100 per cent modulation without use of hum bucking. 

With the use the General Electric Model 4FZ~l Hum Bucking Unit, the 

predominant hum frequencies are removed and the hum level should be 

better than 60 db below 100 per cent modulation. 
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Section X 

-HIGH VOLTAGE RECTIFIER-

General 

The HV Rectifier uses six GL-857B mercury vapor rectifier tubes 

in a three-phase full-wave circuit. These are designated 4Vl, 4V2, 

4V3, 4V4, 4V5, 4V6. A seventh tube designated 4V7 is connected as 

a pre-heated spare which can be quickly switched into service from 

the front panel, replacing any of the other tubes. The rectifier 

operates at a primary voltage of· 460 volts, 5 phase. The filter 

reactor 6L2 (1 henry} and the filter capacitors 401 through 406 

(18 mfds total) are sufficient to reduce the 560 cps ripple to a 

negligible value. The rectifier is designed to have good regu­

lation. The plate transformers have 5.5 per cent impedance • 

Filament transformer primary voltage is taken from the 250 volt, 

5 phase bus, regulated by 5VR1. This regulator holds the filament 

voltage to close limits, assuring long tube life. Phasing is such 

that the filament voltage of each tube is in qw.drature with its 

plate voltage. This type of operation gives best tube life and high­

est current ra~ing with tubes having a filamentary cathode (such as 

the GL-857B) by permitting uniform utilization of the cathode. The 

GL-857B filament transformers (4n through 4'1'7) are rated for 50/60 

cps and can be operated at either frequency without reconnection. 

The filter capacitors 401 through 406 and the modulation trans­

former d-c blocking capacitors 407 through 4012 are located in the 

Rectifier cubicle. 

When the rear door of this cubicle is opened, door interlock 

4S5 causes removal of power. In addition, for complete protection 
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safety grounding switches 454 and 458 operate. These ground the d-c 

bus, the blocking capacitors and the three incoming high voltage a-c 

leads. 

Operation 

To substitute the spare rectifier tube for one of the six operating 

tubes, set TUBE CHANGE SELECTOR switch 4S2 to the desired tube position 

and depress TUBE CHANGE pushbutton 41S5. This removes plate voltage. 

After approximately l second (determined by 4K8) power is automaticall1 

applied to the tube change cont.actors (4Kl through 4K6). The proper 

contactor operates al}ii its indicator light (411 through 416) comes on. 

The operator notes that only one indicator light (or none if the spare 

tube is being taken out of service) is illuminated; removing pressure 

from 41S5 then reapplies plate voltage. 

Changing rectifier plate transformer primary taps is accomplished 

by merely switching 4Sl to the desired voltage percentage (60 per cent, 

80 per cent, 100 per cent position). This switch automatically causes 

the plate contactors to drop out so the smaller tap change contactors 

do not interrupt the line current. When operating 4Sl, the switch 

should be held in its intermediate position for at least one second to 

permit the associated contactors to operate in their proper sequence. 

If a plate regulator is employed, the Contact Ma.king Voltmeter 

-5A2 in the Control cubicle permits accurate, automatic regulation of 

plate voltage over a i 10 per cent range. PLATE VOLTAGE ADJUSTMENT 

4Rll on the Rectifier control panel permits precise control of the 

regulated voltage. If manual voltage control is desired, throw ke1 

switch 4S6 from AUTOMATIC to MANUAL and operate RAISE-LOWER key switch 

457. If 456 is thrown to the TEST position, both the contact-making 

voltmeter and the raise-lower buttons (on 5A2) control the regulator -
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this position is desirable when making adjustments on 5A2. 

Filament regulator SVRl and its Contact-Making Voltmeter SAl are 

located in the Control cubicle. Resistor 5R4 permits adjustment of 

the controlled voltage and key switches 5S20 and 5S22 permit manual 

or automatic operation in a manner similar to that outlined above. 

5R4, 5S20, and 5S22 are located on the Control Unit Panel. Adjust 

5R4 to hold the regula ted voltage at such a value that 5 volts is 

measured across the GL-857B filaments. 

Installation and Operation of Tubes 

When mercury vapor rectifier tubes are first received, they 

should be operated with filament voltage only for at least 15 minutes. 

This vaporizes metallic mercury which has been splashed on the tube 

elements. The tube should then be tested with plate voltage applied 

before being placed in stock. When handled or stored the tube 

should be kept in an upright position and care should be taken to 

avoid splashing of the mercury. The glass envelopes of the tubes 

should be kept clean to maintain low operating temperature. It is 

recommended that during maintenance periods they be occasionally 

cleaned with an alcohol-moistened cloth. It is good practice to 

repeat the above procedure each six months with the tubes in stock 

to assure that they are in satisfactory operating condition. 

Following the initial preheat described above, the tubes require 

only the heating time provided by time-delay relay 5K6 (normally 

adlusted to 2 minutes) located in the Control unit. a fter the 

tubes have been initially heated, if a power failure occurs so 

that 5K6 drops out, it is, of course, not necessary to wait for 

SK6 to recycle before reapplying plate power. For power failures 

of not exceeding 3 seconds (as determined by 5K7) the plate power 
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is automatically reapplied. For power failures of more than 5 seconds, 

the power may be reapplied without waiting for 5K6 to operate by de­

pressing EMERG START button 5IS4. The transmitter engineer should 

exercise judgment in his use of 5IS4, as permitting too short an interval 

may injure a tube whereas permitting too long an interval causes excessive 

loss of program time. A good rule to follow is to allow approximately 

the same length of re-heat ti.me as the duration of the power-off period. 

Howe~er, regardless of the duration of a power failure, it is not nec­

essary to allow more than 45 seconds of pre- heat time before depressing 

the EMERG START button. 

Two small blowers 4Blll and 4Bl42 provide cooling air for the base of 

the GL-857B tubes. Best tube operation is provided with condensed 

mercury temperature from 86° to 104° F, corresponding to ambient tempera­

ture (air in the cubicle) of about 77° to 95° F. In locations where low 

temperatures are experienced, it will be advisable to partially close 

• 

• 

the damper in the air supply riser to the Rectifier cubicle, in locations • 

where high ambients are experienced, the damper should be open. When 

first starting up under a condition of low ambient temperature, it may be 

desirable to turn off the blowers 4BJ41 and 4BM2 for a few minutes; this 

may be done by opening 5S11 on the Control Unit panel. 

Testing Rectifier Tubes 

Good visibility of the rectifier tubes in operation is provided to 

help the transmitter engineer identify faulty tubes. In operation, a 

clear blue glow is characteristic of a good tube - a greenish yellow 

color is usually indicative of a faulty one. Some engineers may desire 

to tape thermometers to the lower part of the tube stem. Temperatures 

substantially above normal range indicate tubes nearing their life end 

point. 
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Loss of program time due to rectifier arc-backs can be minimized 

by making a monthly check of each rectifier tube and recording the 

results. A. tube which is becoming faulty will require progressively 

higher voltage for breakdown and will fire later in its conduction 

period. A simple testing circuit can be set up to permit checking 

each rectifier tube in its socket. Two of the methods used are as 

follows: 

(1) Remove regular rectifier plate connection and apply filament 

power. An isolation transformer with 115 volt 60 cycle output 

and a 50-ohm current-limiting resistor are needed. Connect 

the transformer secondary, the resistor, and the tube in series. 

Connect the vertical deflection plates of an oscilloscope 

directly across the tube. The pattern of the tube voltage 

will show a sharp peak at the start of conduction. The ampli­

tude of this peak is a measure of the initial breakdown voltage • 

(2) An isolation transformer and a variable auto transformer which 

will give an isolation winding output adjustable from Oto 75 

volts is needed. Connect a voltmeter across this output wind­

ing. In series with this winding, connect a 50-ohm current­

limiting resistor, a SO-milliampere d-c meter, and the tube to 

be tested. To test the tube, slowly increase the applied volt-

-

• age from zero to the point where d-c current just begins to 

flow. The peak value of the RMS voltage read by the voltmeter 

at this point is the intial breakdown voltage. 

Using either method, the peak breakdown voltage for a good tube 

will average 10 to 20 volts. When the peak breakdown voltage reaches 

30 volts the tube should be tested at more frequent intervals; a 

value of 50 volts will generally indicate that it should be replaced • 
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Note that these tests are suitable for type GL-8008 as well as for 

type GL-857B tubes. 

External Rectifier Eguipmen~ 

The HV rectifier plate transformers (6T7, 6T8, and 6T9) and the 

HV filter reactor (6L2) are usually located in the basement or in a 

fenced enclosure behind the transmitter. Due to the use of non-inflam­

mable Pyranol* in this equipment no fireproof vault is ordinarily re­

quired. 

The plate transformer bank uses three single phase 50 KVA units 

delta-connected. This feature makes for good reliability, as the 

rectifier could, in emergency, be operated open d_el ta with one trans­

former disconnected at 58 per cent of full load rating. The plate 

transformers have primary taps to give 60 per cent, 80 per cent, or 

100 per cent of normal voltage. (WARNING - the KVA rating of the 

transformer is reduced accordingly on the 60 per cent and 80 per cent 

taps. Therefore, full power operation should not be attempted at the 

reduced voltages). Each plate transformer bas a variable ratio 

adjustor permitting t 2½ per cent and t 5 per cent variation in out­

put voltage. Access to the adjustor switch is possible by removing 

the monogrammed cover from the transformer top. (NOTE - As the trans­

formers are designed to operate sealed, the gasket should be repaired 
• 

or replaced if damaged, and re-sealed with a suitable cement such as 

G-E glyptal, /1276.) (See Section XV, MAINTENANCE). If the optional 

plate regulator 6VRl is used, the ratio-adjustors should be placed in 

position V (lowest voltage) for best regulation. If regulator 6VRJ. 

is not used, the ratio adjuster should be set for approximately 10.s 

KV d-c rectifier output voltage. 

• G-E trade mark 
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An external Power Cabinet houses the tap change contactors (6K4, 

6K5, 6KG), the main start contactor (6K2), the main run contactor 

(6K5), the primary circuit current transformers (6T5 and 6T6) and the 

step start resistors (6Rl, 6R2, 6R5.) The starting resistors are 

inserted in the primary circuit during the starting period and are 

normally adjusted so that the starting plate voltage is approximately 

70 per cent of the normal operating voltage. Use of step start 

resistors reduces the effects of both filter capacitor charging 

current and transformer inrush current. Copper oxide rectifiers (6CR1 

through 6CR14) located in the Power Cabinet provide d-c for quiet 

operation of the contactors. As 460 volts normally appears on the 

contactors inside the external Power Cabinet, it is usual practice 

to keep the exposed door locked in the case where the cabinet is only 

partly enclosed by the wire fencing. 

High speed overcurrent relays 5K41 and SK42, which protect 

against rectifier tube ar~-baok, are located in the Control cubicle. 

Additional circuit protection is provided by breaker 6S2. The cir-
• 

cuit is arranged so that tripping low voltage supply breaker 6S1 also 

trips breaker 652. 

WARNING - Note that the step start resistors 6Rl, 6R2 and 6R5 

are designed for momentary starting service only. When depressing 

HV RECT ON pushbuttons be sure that the run contactor goes in 

(observe the second increase of plate voltmeter reading} • 
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Section I.I 

-MAIN AIR CIRCULATING SYSTEM-

The Main Air Blower consists of a twin belt~riven fan complete 

with motor, starter, (6Kl) and floating base. The blower is rated 

at 12,000 cubic feet per minute against a pressure of 2 inches or 

water. Normal speed is 605 RPM. The sheave is 20 inches in diameter • 

The motor is rated 7½ HP and operates at 440/220 volts 5 phase, 

50/60 cps. Normal speed at 60 cps is 1755 RPM and at 50 cps, 1450 

RPM. The motor sheave is adjustable between 7 and 8.4 inches for 60 

or 50 cps operation respectively. The blower starter {6ll) is op­

erated automatically during the transmitter starting sequence. An 

auxiliary contact or 6Kl is connected in series with the coil cir­

cuit of the p-a and modulator tube filament contactors. As further 

assurance of air flow through the tubes before application or fila­

ment power, an air flow interlock, 6S5, is provided. 6S5 should 

be adjusted to close at approximately 5/4 normal air flow. (See 

following paragraph). The starter has thermal cut-outs which open 

its contact.or in case of continued overload on the motor. See 

Section V, INSTALLATION. 

The Air Filter consists of fifteen Air-Maze panels. These are 

corrosion-resistent and washable. The •Standard" panel supplied 

is equipped with handles on the incoming air side. If necessary, 

•Reverse Flow• panels can be obtained with handles on the outgoing 

air side. The frame provided is equipped with locking clamps. 

See Sections XV and Von MAINTENANCE and INSTALLATION. 

An intake air duct is required below the transmitter for conduct­

ing air from the blower. An exhaust duct above the transmitter 
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carries the air to the outside. See INSTALLATION, Section V, and 

Installation Drawing Fig. 39, Sheet 5. 

Adjustment of Air Interlock 6S5 

6S5 is provided with a disc having a 1-inch diameter hole. The 

disc is placed in the intake pipe of 6S5 to decrease its sensitivity. 

If necessary (depending on the particular location of 6S5), the 

sensitivity may be varied by employing a disc with a different hole 

diameter. A ~rger opening gives greater sensitivity, a smaller one 

less. The position of the diaphragm counterweight may be varied for 

fine adjustments. 

If the diaphragm shows any tendency towards chattering adjust 

the air gaps around the edge by means of the screw provided. 
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Fig. 32 Monitor Rectifier Coupling Loop, Parts Identified (SY6109A) 

• -
I 
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F ig. 33 Monitor Rectifier Unit, Parts Identified (SY6107 A) 
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Fig. 34 Monitor Rectifier Unit, Bottom View, Par ts Identified (SY6108A) 
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Section XII 

-MONITOR RECTIFIER-

General 

The G-E Type FZ-2-A Monitor Rectifier is designed for remote 

metering of antenna current. It consists of: (1) an open-mounted 

pick-up loop and (2) a rectifier enclosed in a shielded box. Both 

units are normally located in the antenna tuning house (see section 

on INSTALLATION). The remote meter (2M4) is located on the main 

transmitter cabinet. Provisions are made for obtaining a signal 

for aural monitoring, and for relay operation to control a •carrier 

off" ala.rm and •time off the air" clock. 

Theory 

The pick-up loop (7L3) is movable with respect to the fixed 

loop (7L2) which is connected in series with the Antenna Ammeter. 

7L3 is coupled to 7Ll by means of a section of twin coaxial cable. 
. t ~ -

7Ll is conjunction with 7Cl through 7C4 is adjusted to reson--
ate at the carrier frequency and the resulting voltage is applied 

to the G-E Type 6X5GT full-wave rectifier. Rectified d-c current 

proportional to the r-f antenna current flows through linearity 

resistors 7R6 and 7R8 and develops a voltage across 7R5 and 7R7 
...._. _.. - ............ 

for operating relay 7ll. The audio frequency voltage developed 

across 7R1 is applied through 7C7 and 7C8 (d-c blocking capacitors) 

to 7T2 and is available for aural monitoring purposes at a level 

of approximately/. 3 dbm, 600 ohms impedance. Relay 7Kl has two 

sets of SPDT contacts, one of which is used to control the power 

to the "carrier off" bell 5El. (through a switch on the trans-
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mitter console). The other set may be connected to a carrier ~time 

off the ail4 clock. 

Since it is desirable to use a well-regulated primary filament 

power supply, 7Tl is fed from the regulated filament bus in the trans­

mitter. 7R3 is used for setting the remote meter to correspond with 

the antenna ammeter (for this adjustment telephone communication 

between the antenna tuning house and transmitter room is necessary). 

The remote meter will then indicate antenna current. 

Operation: 

The following table furnishes information on rectifier tunings 

P'req.(KC) 

540-830 

631-760 

761-920 

921-1090 

1091-1200 

1201-1480 

1481-1600 

Coupling 
Turns ( 7IJ.) 

10 

10 

10 

8 

8 

6 

6 

Terminal Used 68 MIIP' Padding 
on 7L3 Condensers Used 

5 

5 

5 

5* 

5* 

4 

4 

(C2-C4) 

2 

2 

2 

1 

2 

1 

0 

Tuning Connections 
on 7IJ. 

ill turns 

1st tap in from 
each end 

2nd tap in from 
each end 

2nd tap in from 
each end 

3rd tap in from 
each end 

3rd tap in from 
each end 

3rd tap in from 
each end 

The coupling taps are arranged in pairs around Ll; the tuning taps 

are located in the row near Cl. The flexible leads provided should be 

connected to the proper terminals as indicated in the above table. The 

blue lead with white tracer as shown on Fig. 35 should be connected to 

* For the 921-1200 KC range, connect the brown-and-white lead from 
7Jl to terminal 2 in addition to moving the blue-and-white lead 
to terminal 5. 
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7LS (also see Fig. 33) aocording to the oolumn titled "Terminal Used 

on ?L3." 

Kake oertain that the monitor reotifier box (terminal 7-1-9) is 

oonneoted to an external ground. Check the replaceable remote meter 

soale to ascertain whether or not its range is oorreot for the 

antenna current to be measured. (If not, oontact the nearest G-E 

district office). Couple 7L3 very loosely to 7L2. Note that two means 

of adjusting 7L2-7L3 coupling are provided. Either the coupling 

loop mounting may be adjusted with respect to the fixed loop, or 

the loop (7L3) may be tilted. It is desirable to spaoe the base of 

7L3 as far as possible from 7L2. 

The filament transformer is supplied with a 230/208 volt primary. 

Allow normal antenna line current to flow through 7L2. Remove 

the upper left plug-button. Using an insulated screwdriver, tune 

7 01 for maximum reading (use telephone and obtain remote meter read-...,.. 
ings). Set 7R3 (lower left plug-button) for maxilllUJI deflection 

(reduce 7L2-7L3 coupling to prevent overloading meter if necessary). 

Next adjust 7R3 to obtain approximately one halt of the above meter 

current. Then couple 7L3 to obtain a meter reading corresponding 

to the r-f ammeter reading. This procedure adjusts the rectified 

current to the correct value. Using the two wing nuts, look 7L3 

tightly in position. Future fine adjustments will be made with 7R3. 

7R7 (lower right slotted shaft) provides some measure of flex­

ibility in controlling the pull-in or drop-out points of 7Kl and may 

be adjusted at will. Note that 7R3 must be slightly readjusted after 

ohanging the setting of 7R7. Replace plug-buttons after adjustments 

have been completed. Note: Remote ammeter reading is not affeoted 

by modulation, since this meter reads average reotitied current. 
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Fig. 35 Connections to 7L3 

5 
0 

Zo --

Zo = SURGE IMPEDANCE OF LINE 
x, = INDUCTIVE REACTANCE 

X2 : CAPACITIVE REACTANCE 

X3 : REACTANCE 

XA -- ANTENNA REACTANCE. 

RA = ANTENNA RESISTANCE 

Fig. 36 Antenna Matchlng Diagram 
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Section XIII 

-TYPICAL METER READINGS-

DESIGNATION 

LINE VOLTAGE 
BUS VOLTAGE 
MODULATOR PLATE CURRENT 
MODULATOR PLATE CURRENT 
ANTENNA CURRENT 
PA GRID CURRENT 
PA PLATE CURRENT 
PA PLATE VOLTAGE 

DESIGNATION 

AF BIAS RECTIFIER 
LV RECTIFIER 
OSC. CATHODE CURRENT 
1st IPA CATHODE CURRENT 
2nd IPA GRID -CURRENT 
2nd IPA PLATE CURRENT 
3rd IPA GRID CURRENT 
3rd IPA CATHODE CURRENT 
3rd IPA CATHODE CURRENT 
3rd IPA CATHODE CURRENT 
INTERMEDIATE RECTIFIER 
PA BIAS RECTIFIER 

CABINET METERS 

SYMBOL 

3M4 
5M5 
3M2 
5Ml 
2M4 
2Ml 
2142 
2M5 

EXCITER 

SYMBOL 

llll5 
1142 
llU 
ll19 
l.M:3 
l.M4 
1145 
ll46 
ll17 
ll18 
llUl 
llil2 

AUDIO MODULATOR 

ZERO MOD. 100% MOD. 
READING READING 

250 
250 250 

.1/.2 amps 

.1/.2 amps 
2.9 amps 
2.9 amps 

0.9/1.0 amps 
6.0 amps 

10.5 KV 

READING 

540 volts / 
670 volts 
11 ma 
58 ma 
48 ma 

165 ma 
240 ma 
400 ma 
400 ma 
400 ma 

2700 volts 
460 volts (with PA on) 

ZERO MOD. 100% MOD. 
DJSIGNATION SYMBOL READING 

3rd AF PLATE CURRENT 5M10 
3rd AF PIA TE CURRENT 5Mll 
2nd AF PLATE CURRENT 5M6 
2nd AF PLATE CURRENT 5147 
1st AF CATHODE CURRENT 3M8 
1st AF CATHODE Ct:RRENT 3119 
MODULATOR FILAMENT VOLTAGE 3145 

-85-

100 ma 
100 ma 

95 ma 
95 ma 

22.5 ma 
22.5 ma 
17.5 volts 

READING 

225 ma 
225 ma 
95 ma 
95 ma 

22.5 ma 
22.5 ma 
17.5 volts 
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DESIGNATION 

PCMER AMPLIFIER 

SYIIBOL 

LEFT CATHODE CURRENT 
RIGHT CATHODE CURRENT 
FILAMENT VOLTAGE 

-84-

2116 
2117 
2M5 

READING 

5.5 amps 
5.5 amps 

18 volts • 

• 

• 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Section XIV 

-ANTENNA TUNING AND LINE TERMINATING-

General 

A 50-KW Transmitter is usually operated into a directive array 

or a vertical radiator. The design and adjustment of net-works for 

directive arra;rs is a specialized field, and varies with the require­

ments of the specific- installation. Single tower antennas, however, 

are usually .of about .53 of an electrical wavelength in height. 

Tuning of such . an antenna is herein briefly described. •. 

Transmission lines are usually of the 230-ohm si.x-wir~ or ?O-Ohm 

coaxial type. _The six-wire line is very popular bec~~e of its re­

liability and comparative !reed.om from maintenance requirements. The 

coaxial line is usually preferred !or use with directive arrays where 

a high degree of protection is required. 

See ~l~t_µi EBR-95 for information regarding Lightning Pro­

tection. 

Antenna and Transmission Line Impedance Measurement 

Using one of the methods acceptable to the FCC (such as imped­

ance bridge ?r substitution method), measure the antenna resistance 

and reactance at the operating frequency. With all apparatus such 

as tower lighting chpkes, horn gaps, etc. co'nnected, make the measure­

ment at the point of connection of the antenna aD1D.eter. The antenna 

resistance will normally be 100 to JOO ohms; the antenna reactance, 

50 to 150 ohms capacitive. Denote antenna resistance Ra, denote 

antenna reactance r, XA• 
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1 -> The charac~eristic impedance ( Z0 ) of the transmiss .:>,:t 1.ine may be 

calculated by formula with accpetable accuracy. It may also be measured 

by connecting the bridge (or substitution set-up) to one end of the line 

and terminating the other end with a non-inductive decade box adjusted so 

that the input impedance is a pure resistance, equal to the terminating 

resistanceo This value of resistance is Z0 • 

Calculation of Matching Netwrk 

The _matching network located in the antenna tuning house may consist 

of a T section connected as shown on Figo 36. Calculate reactance of x1 

and X2; 

x1=x2=~ 

The algebraic sum of X2, X3 ~ XA should total o. 

Therefore, if X2 plus XA is capacitive, then X3 must be made inductive and 

equal to the sum of the other two. If X2 plus XA is inducti-.., then X3 must 

be capacitive and equal to their algebraic sumo 

For antennas approximately one-half wave length or higher, XA will 

usually be capacitive. X3 will then be an inductanee. X3 should be 

mounted for_minimum coupling to X1 to avoid transfer of harmonic power. 

Tuning Procedure 

Adjust x1, x2, and X3 to the va:lues calculated aboveo Connect the 

antenna to the matching network. 

Note that the combination X2, X3 and XA (with other circuits dis­

connected_) tunes to series resonance. Also x1 and x2 resonate with each 

othero 

With transmission line disconnected and with a bridge (or substitution 

method set-~p) connected to the input of the terminating network, adjust 

X1 and X2 for ·a reading of pure resistance equal to Z
0

o 
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It will be noted that adjusting I5 has predominant effect on the 

resistance component, and adjusting X1 has predominant effect on the 

reactance. 

Connect the transmission line to the terminating network. 

Measure the impedance looking into the transmission line at the 

transmitter end. The value of resistance should be very nearly equal 

to 'Z0 , and reactance very nearly zero. The transmission line is then 

properly terminated and power can be applied • 
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Section XV 

I 

-MAINTENANCE-

General 

To assure maximum reliability of operation, it is important 

that a regular program of preventive maintenance and general 

inspection, augmented by periodic performance tests, be set up. A 

system of cards or sheets (itemizing maintenance operations), which 

are assigned to the maintenance engineer and which he initials and 

dates on completion, is usually set up by the station engineer. 

The General Electric publication "How to Maintain Electric Equip­

ment" GEI-ll25 included with these instructions (in a separate 

binder) will be found to be of great value in supplying maintenance 

information. In addition, descriptive bulletins covering many of 

the component items of the Transmitter are included in Section XVII 

of this Instruction Book. 

All equipment, particularly high-voltage components and insul­

ators, should be kept free of dust and oil. A small portable electric 

blower ' of the hair-drier type is useful in removing dust from hard to 

get at places such as around terminal boards and between capacitor 

plates. Keep all obstructions away from the air intake and exhaust 

openings. llake certain that tubes are properly placed and col)Ilected 

in their sockets. Inspect connections for tightness. Clean air 

capacitor plates with a lintless cloth. Remove with a flat file 

any rough points caused by arcs. Crocus cloth will be found useful 

for obtaining a smooth surface. Never use steel wool for cleaning 

or polishing near electrical circuits as the particles may cause 

shorts. 
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A cloth moistened with alcohol or carbon tetrachloride is effective 

for removal of grease and dirt (as from insulators). 

When cleaning, inspecting, and tightening avoid unnecessary twist­

ing and bending of wires and cables as this might cause eventual breakage. 

High-Power Tubes 

On receipt of new tubes, immediately inspect them for possible damage 

resulting from shipment. Before placing a new tube in "spare tube stock• 

• 
it should be operated for at least one day. The procedure should be repeat- • 

ed every six months. This assures that the spare tubes are in good 

condition and tends to clean up gas which may have been released from the 

anode. The spare tubes installed in the PA and Modulator cubicles should 

be tested monthly (inasmuch as no physical movement of the tube is in-

volved). It is good practice to keep a record of tube life (5M3) for each 

of the large tubes used so that operating economics can be determined. 

The proper procedure to be used for testing the highpowered tubes is 

as follows: Place the tube in the circuit (gas will clean up more quick­

ly in the PA than in the llodulator) and operate at 60 per cent plate volt­

age with zero modulation. After 15 minutes operation, increase plate 

voltage to 80 per cent of normal (HV transformer tap). If a gas kick 

occurs return to the 60 per cent position and allow additional low-voltage 

aging until 80 per cent voltage can be applied. Carry out the same pro­

cedure between 80 per cent and 100 per cent voltage. Apply modulation 

gradually until the tube becomes stable at 100 per cent modulation. 

As the high-powered tubes have more than adequate emission capabili­

ties (see Section IX on AUDIO-MODULATOR, and Section VIII on POWER 

AMPLIFIER) they will normally be operated at below rated filament volt­

age. The minimum filament voltage at which emission limiting (at 95 to 

100 per cent modulation), with increasing distortion occurs can be 

' 
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determined by test and the voltage then adjusted to a somewhat higher 

value. Normally, a new tube can be operated at as low as 17.25 volts 

in the Modulator and 18 volts in the Power Amplifier. 

'!he grid connector is painted red to correspond with the red 

grid posts of the tube and the filament connectors are painted black 

to correspond with the color of their respective posts. To facilitate 

easy removal or application of a tube connector, the coiled spring 

should be retracted • 

Handling of the Type GL-895-R tube is most easily and safely 

performed with the use of a tube jack. However, it is possible for 

two men to remove or replace tubes manually. A small portable wooden 

platform if placed in front of the tube position will expedite manual 

changing. Care should be exercised to place tubes gently in their 

sockets. In transporting them, vibration and shock should be avoided. 

Rectifier Tubes 

Refer to the HV RECTIFIER, Section I, for the procedure for 
• 

testing and aging of rectifier tubes. Rectifier tube filaments are 

to be operated at rated voltage at all times. The glass envelopes 

should be kept clean. Tubes should be transported and stored in a 

vertical position, and unnecessary splashing of mercury avoided. 

A routine (monthly) measurement of tube voltage drop, with a card 

tile record for each tube, will be found effective in determining 

potential tube failures. 

&,11 Tubes 

These should be tested in the Transmitter when received, and 

approximately each six months thereafter. An l.lllbalance in a push­

pull or parallel stage currents is usually indicative of a low 
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emission tube. This can be checked by insertion of a new tube in the 

circuit. 

Socket contacts and tube prongs should be kept in good condition. 

The filament clamps of the GL-833A sockets should be well tightened. 

Tube envelopes should be cleaned occasionally with alcohol and tissue 

paper. The filaments of all tubes (other than GL-895-R) should be 

operated at rated voltages (within 5 per cent). 

Gas-Filled Capacitors 

See Section Von INSTALLATION for information on pressurizing the 

gas-filled capacitors. The ceramic insulators must be kept clean 

since the voltages involved are high. Lubricate the universal joints 

with a small amount of light oil and remove all excess lubricant. The 

connection to the .capacitors must be kept tight to avoid heating. The 

protective gaps should be kept polished. 

Normally no further maintenance is required for these capacitors 

other than periodic checking of gas pressure. It will be necessary ,. 
to oci:asionally add additional dry nitrogen gas to maintain the 

pressure at between 175 and 200 psi. 

The capacitors are protected from internal flash-over by the 

external gap and by action of the carriel'l-trip protective circuit. 

If a capacitor should arc internally, pitting of the plates could 

occur. Although it is possible for transmitter engineers to dis­

assemble the capt.citors, dress the plates, and re-assemble, it is a 

job best performed by the capacitor manufacturer. Due to the import­

ance of the functions of these capacitors, it may be advisable to 

maintain one spare of each of the two types used. 
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Motors and Tuning Driver 

Inspect small motors of the filament voltage regulator and the 

tuning system, and keep them clean. Occasionally oil the tuning 

motor bearings with a few drops of light machine oil. Refer to 

the publication, "How to Maintain Electric Equipment• for further 

information on motor maintenance. 

Control and Power F.guipment 

l. lain Breakers: 

Refer to "How to Maintain Electric Equipment• for detailed 

maintenance information. Keep all parts of 6S1 and 6S2 clean. At 

least once a year, or following repeated tripping, inspect contacts 

and dress them with a flat file if badly pitted. Check the liquid 

level in the dashpot timers semiannually and fill to indicated level 

using G-E oil #2:1. 

2. Switches, Contactors, Relays: 

The filament changeover knife switches in the PA and Modu­

lator cubicles should be kept clean and lubricated occasionally with 

a small amount of vaseline for free operation. 

Check operation and timing of time-delay rel ays. Small relay 

contacts may be cleaned with carbon tetrachloride and a lint-free 

cloth. Badly pitted contacts may be smoothed with a fine file or a 

burnishing tool • 

It is essential that metallic filings be kept out of all relays 

(particularly telephone types). Air may be used to blow out any 

filings which may have accumulated on the pole faces. 

Inspect contacts of overload relays periodically and clean if 

necessary. Operate the plungers manually to test for freedom of 

action. 
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Check door interlocks for proper alignment and tightness of screws. 

Keep the contacts in good condition by cleaning occasionally and lubricat-

ing with a little vaseline. • 

Check the operation of safety grounding switches. Keep contacts 

and insulating posts clean and connections secure. Keep high voltage 

cables free of oil and dust at their taped ends. After cleaning and 

adjusting relays always allow ample time prior to program for checking 

transmitter operation. 

Air Circulating Sy;stem 

1. Main Blower F.quipment: 

Periodically inspect drive belts for signs of wear and for 

uniform tension. Adjust for sufficient tension to prevent slipping. 

Properly lubricate the motor and fan bearings once a month. Keep the 

impeller blades free of oil and dirt. If rust spots occur scrape and 

repaint. Check motor starter contacts occasionally. 

Check operation of air interlock 6S3 monthly. When the main 

blower is stopped, the air interlock switch should open at approxi­

mately one-half of normal air flow. The counter-weight on the moving 

arm may be adjusted for proper calibration. The pivot bearings should 

be kept dirt-free and oiled occasionally with a drop of light machine 

oil. 

2. Air Filter: 

Air-filter panels are removed by opening the locking clamps 
' 

and withdrawing the units, using the handles provided for the purpose. 

Clean the filters at intervals ··of approximately four months, 

depending on local conditions, or when an installed manometer reads 

.4 to .s inches of water pressure differential between the outer 

surfaces. Three cleaning methods are listed: 
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(a) BOILING: Place filter, fine mesh face down, in tank 

containing solution of Oakite No. 20 (5 pounds to 5 

gallons of water), tri-sodium phosphate (l½ pounds to 

5 gallons of water), or other commercial solvent. 

Boil approximately 5 minutes or until filter is clean. 

QQ !!Q1 ~ CAUSTIC SODA. 
' 

(b) HOT WATER: Agitate filter, fine mesh face down, in 

tank containing hot water and Oakite No. 20 (5 pounds 

to 5 gallons water), or other compound. 

(c) HOSE: Use flat nozzle and water pressure. Sweep back 

and forth across the fine mesh side, holding nozzle 

firmly against surface, flushing dirt out intake and 

discharge faces. Hot water is preferred, but cold .. 
water may be used if accumulations are of a type cold 

water will clean • 

Inspect the filters by looking through the wire mesh toward the 

light. When thoroughly clean, no cloudy areas will be visible. 

While the entire media can be made bright, it is not necessary to 

wash off the blackened oil coating on the wire element. 

Recharge the filter as follows: 

(a) Where many filters are to be serviced at regular intervals, 

a dip tank will be found to be the most feasible. Dip 

filter in Air-Maze Filterkote (Standard) or regular motor 

oil, S.A.E. 50 to 50 and allow it to drain. Separate 

tanks for boiling and dipping are recommended. 

(b) Filters may be recharged with a power spr~ gun. Spray 

both sides, being sure th.at the adhesive penetrates the 

entire media • 
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(c) When no other equipment is available, panels may be recharg­

ed by liberally coating filter with adhesive by means of a 

brush. To assure complete coverage of the media, adhesive 

should be applied to both faces. 

After t he filter element has been thoroughly coated w~th adhesive, 

allow the panels to drain completely, face down, or on edge. A recepta­

cle may be used to reclaim the excess oil. 

Rectifier Blowers 

Keep the motors and impellers clean; occasionally blow accumulated 

dust out of motor windings. The bearings should be given an annual 

thorough cleaning and repacked about one-third full of a good grade of 

grease (such as G-E ballbearing grease). 

fyranol* Filled Components 

The HV plate transformers, the modulation transformer, the modu­

lation reactor, the filter reactor and the optional plate regulator, 

are filled with non-inflammable Pyranol*. Check the gauges occasion­

ally to assure proper liquid level. Approximately once per year, 

sample the Pyranol* and measure its dielectric strength. See •How to 

Maintain Electric Equipment• for detailed information. If Pyranol* 

tests show breakdown below 25 KV, use a filter press to restore the 

dielectric strength to 30 KV or higher. Due to the Pyranol* tanks 

being sealed it will normally be found that Pyranol* maintains its 

dielectric strength for long periods of time and that filtering is 

seldom required. 

If for any reason a Pyranol*-filled tank is opened, it should be 

resealed using G-E Glyptal on the gaskets. If the gasket is damaged 

it should be replaced. Avoid leaving Pyranol* exposed to air. 

• 

• 

• 

• 

* G-E trade-mark • 
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Keep tanks clean. Clean high-voltage bushings using tissue paper 

and alcohol. Keep protective gaps clean, polished, and correctly 

spaced. 

Spark Gap AdJust.ments 

Set the antenna and transmission line horn gaps as followsa 

Adjust spacing tmtil arc-over takes place at 100 per cent modu­

lation, then double this spacing • 

Set other gaps as follows: 

Spbol Function Spacing 

2El PA grid circuit Gap .04 inches 

2E2 " " • It .oa " 
m, 512, 383 Modulator grid Gaps .04 It 

sno Modulation Transformer Horn Gap • so • 
6Ll Modulation Reactor Horn Gap .so • 
2Cl PA Tank Cai:e-citor Gap .75 • 
2C2 PA Loading Capacitor Gap .so " 
6L2 HV Filter Reactor Horn Gap .10 II 

Small Components 

1. Capacitorss 

Variable capacitors should be kept clean. A small amotmt 

of vaseline should be used on the contacts springs (particularly 

1C60) to assure ease of operation. 

2. Coils: 

Make sure all connections (especially on 2L4) are tight 

to prevent overheating. Clean coils with a cloth moistened with 

alcohol or carbon-tetrachloride. Never use liquid polish or steel 

wool. Plate choke 2Ll0, meter multiplier 2Rl6, 2Rl.7, 2Rl8, and 
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their ceramic posts, located in the p-a air box, must be kept clean. 

5. Resistors: 

Resistors should be kept clean. Vitreous enamelled resistors 

in the higher resistance values should be replaced if the coating is 

cracked. Check resistor clips occasionally for proper tension. If the 

Globar (composition) resistors are overheated, check their resistance 

values which may have changed. Inspect sliding contacts of variable 

resistors; clean as necessary. 

4. HV Rectifier Tripping Transformers: 

Never apply power with the secondary circuits of 6T5 and 6T6 

open, as the resulting high voltage might cause insulation failure. 

Cabinet Finish 

The finish used on the cabinets is a metal-bearing type commerci­

ally known as •Mottletone." Large areas of marred paint can best be 

refinished by sanding and spraying, using the touch-up paint provided. 

Small scratches and nicks may be touched-up using a camels-hair brush. 

Best results are obtained by •stippling" the paint into the scratches; 

ordinary brushing results in a streaked or smeared appearance. The 

touch-up paint, when first applied, will appear to be several shades 

too light. In 24 hours the color will attain its darker, permanent 

shade. 
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Section XVI 

-PARTS LIST-

50 KW AM BROADCAST TRANSMITTER 

MODEL 4BT25Al 

This list includes all principal replacement parts. The symbol 
numbers used are the same as those appearing on schematic and other 
diagrams • 

When ordering a replacement part, please include description, symbol 
designation, and reference number of the part and model number of 
the equipment. Orders may be sent to the nearest General Electric 
office or to the General Electric Company, Transmitter Division, 
Electronics Department, Syracuse, New York. 

SYMBOL 

*lCl 
thru 
103 

*1C4 
and 
1C5 

*106 
*107 
*108 

thru 
1011 

*1012 
*1013 

*1014 

*111 
and 
112 

lLl 

1L2 

EXCITER 

DESCRIPTION G-E DRAWING 

CAPACITORS 

Mica, 0.01 mfd. t,lCJI,, 300 vdcw. P-5R28-P9 

Vernier Frequency Control Capacitors. P-3R47-P2 
Variable, air, 4.4-50 mmfd. Hammarlund 
Cat. #APC-50. 
Silver mica, 22 mmfd. i,5%, 500 vdow. P-5R26-P64 
Silver mica, 550 mmfd. i,5%, 500 vdow. P-3R26-P75 
Same as lCl. 

Mica, 0.01 mfd. -10%, 600 vdcw-. P-3R31-Pl5 
Oscillator Plate Tuning Capacitor. M-2R26-P24 
Variable, air; 7.5-100 mmf'd, screw driver 
control. Hammarlund Cat. #HFA-100-B. 
Mica, 220 mmfd. t,20%, 500 vdcw. P-3R26-Pl4 

INDICATING DEVICES 

Crystal Heater Indicator Lamps, 
6-8 volts, 0.15 amps. Mazda /147 

INDOOTORS 

Cathode Choke Coilo Inductance 2-1/2 K-7107898 
mh, distributed capacity 1 mmfd. d-c 
resistance 50 ohms, current rating 125 ma • 
Plate Inductance ML-7478058-Gl 

• This item or equivalent can often be obtained from a local radio 
dealer. 
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SYIBOL 

*lRl 
and 
lR2 

*1R3 
*1R4 
*lR5 

and 
lR6 

*1R'7 
and 
lR8 

lSl 

DESCRIPTIC!l 

R!§ISTORS 
Composition, 15 ohms t,5%, 2 watts. 

Composition, 0.10 meg. t.lr$, 1 watt. 
Composition, 1800 ohms l).Ofi,, 1 watt. 
Composition, 10,000 ohms /.5%, 1 watt. 

Composition, 15,000 ohms t.5%, 2 watts. 

/ SWITCHES 

Cry-stal Transfer Switoh. Rotary-, 2 
positions, 2 oirouits. Oak Mfg. Co. 
Type HC. 

TUBF.S 

I 

G-E DRAWING 

P-3R67-Pl15 

P-3R13-P86 
P-3Rl.3-P65 
P-3R1.3-P183 

P..3R(,7-Pl87 

11-7478059 

lVl Crystal Osoillator. Type GL-83'7. 

*ln 

lI2 
thru 
lnl 

*ln2 
and 
1n3 

*lD.4 
and 
lXl.5 

in ... 
and 
1Y2 .. 

*1015 
thru 
lC18 

SOCKETS 

Cry-stal Osoillator Tube Socket. 7 contacts 1-1Rl.3-P45 
Amerioan Phenolic Corp. Type /IRSS7L. 
See page 107. 

Crystal Sookets K-1R14-P26 
Mica-tilled phenolio, ootal. 
Amerioan Phenolic Corp. Type ll[IP8T. 
Crystal Heater Lamp Sockets. K-7108403-P3 
Green jewel, bqonet base. Drake llfg. Co. 
Type 1180. 

CRYSTALS 
Cry-atal Ther.mooell. Holder 0-B Type 
#~401G.3()B thermooell heater 6.3 volts, 
50/60 oyoles; Cry-stal selected aocording 
to operating frequenc~. 
These orystals are interchangeable w1 th 
0-E Type #320401030. 

CAPACITORS 
Mioa, 101 000 mmtd. t_lCJI,, 600 vdcw. 

14•7478061 

• 

• 

• 

• 
* This item or equivalent oan often be obtained from a local radio dealer. • 
_. When reordering state operating frequency. 
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SYMBOL 

1019 
1020 

*1021 
*1022 
1025 

1C24 
*1025 

and 
1C26 
1C27 
1028** 
thru 
1C55 
1C34 

1035** 
and 
1036 

1057 

*1058 
1C39 
and 
1040 

*1041 
and 
1043 
1C44 
thru 
1047 
1048 

1049 
1050** 
thru 
1C59 
1060 

1061 

DESCRIPTIO!I 

QAPACITORS CONTINUED 

Mica, 10,000 mmfd. f.lCJI,, 2500 vdcw. 
Plate Tank Capacitor, 1st. IPA Variable, 
32-535 mmfd., 5750 peak voltage. Hammar­
lund Catalog #TC-550-K. 
Mica, 100 mmfd. tl<:JI,, 2500 vdcw. 
Same as 1015. 
Neutralizing Capacitor, 2nd IPA. Variable, 
15-53 mmfd. 6000 peak voltage. Hammarlund 
Cat. #TC-SOR. 
Mica, 2500 mmfd. -/:;5%, 5000 vdcw. 
Same as 1015. 

Same as 1024. 
Plate Tank Capacitors 2nd IPA. 
Vacuum, 100 mmfd. /;5%, 7500 peak voltage. 
G-E Type #GL-1L35. 
Plate Tank Capacitor, 2nd IPA. Variable, 
28.5-115 mmfd. 6000 peak voltage. Hammar­
lund Cat. II'C-110-H. 
Grid Tank Capacitors, 3rd IPA. Mica, rating 
depends on customers' requirements. (When 
ordering replacements specify G-E Drawing 
number and rating). 
Grid Tank Capacitor, 3rd IPA. Variable. 
32.5-465 mmfd. 2000 peak voltage. Hammar­
lund Cat. #TC-440-L. 
Mica, 10,000 mmfd. f.10%, 1200 vdcw. 
Mica, 22,000 mmfd. tlO%, 600 vdcw. 

Same as 1058. 

Same as 10 59. 

G-E DRAWING 

P-5R52-P75 
P-3R25-Pl3 

P-5R32-P5 

P-3R25-P7 

M-2R58-Pl6 

K-7897602-P3 

P-3R25-P8 

P-3R25-P15 

P-5R32-Pl7 
P-5R32-Pl9 

Neutralizing Capacitor, 3rd IPA. Variable, K-7118656-Pl 
air; 19-51 mmfd. 11,000 peak breakdown 
voltage. E. F. Johnson, Cat. #500110. 
Same as 1C24 • 
Plate Tank Capacitor, 3rd IPA. 

Plate Tank Capacitor, 3rd IPA. Variable, P-7769241 
air; 350 mmfd. /;5%, 9500 peak voltage. 
E. F. Johnson Co. Type #350-BA-95. 
Same as 1C24. 

* This· item or equivalent can often be obtained from a local radio 
dealer • 

** Use depends on operating frequency. See chart in Instruction 
Book. 
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SYMBOL 

*1062 
and 
1065 

*1C64 
and 
1C65 

*1066 
and 
1067 
1C68 
thru 
1071 
1C72 

*1C75 

*1074 

1076 

1077 
and 
1078 

*1079 

1C80 
thru 
1085 
1C84 
and 
1085 

*1086 
and 
1087 
1C88 ** 
thru 
1091 

lCRl 

DESCRIPTION 

CAPACITORS CONTINUED 

Same as 1015. 

G-E DRAWING 

Low Voltage Filter Capacitors. P-5R88-P9 
Pyranol, 10 mfd. t,lr::11,, 1000 vdcw. 
G-E Cat. #25F564. 
1400 Volt Supply Filter Capacitors. P-5R87-P4 
Pyranol, 10 mfd. tlC/1,, 2000 vdcw. 
G-E Cat. #25F386. 
2800 Volt Supply Filter Capacitor. P-5R87-Pl4 
Pyranol, 2 mfd. tlC/1,, 4000 vdcw. 
G-E Cat. #23F4ll. 
Same as 1024. 
Trip CKT Shaping Capacitor. Pyranol, 4 P-5R88-P5 
mfd. t,lr::11,, 600 vdcw. G-E Cat. #23F353. 
Trip CKT Supply Filter Capacitor. Pyranol, P-3R48-Pl 
1 mfd. t,lr::11,, 600 vdcw. G-E Cat. #23F320. 
PA Bias Filter Capacitor. Pyranol, 10 P-3R87-P8 
mfd. t,lr$, 2500 vdcw. G-E Cat. /125F597. 
AF Bias Filter Capacitors. 
Same as 1064. 

AF Bias Filter Capacitor. Pyranol, 10 P-5R88-P5 
mfd. t,lr::11,, 600 vdcw. G-E Cat. #25F354. 
Power Factor Correction Capacitors. K-7116521-Pl 
Pyranol, 7.5 kvar, 250 volts. 
G-E Cat. #16Fl4. 
AF Bias Filter Capacitors. 
Same as 1C64. 

1400 Volt Supply Filter Capacitors. 
Sa.me as 1066. 

Plate Tank Capacitor s -2nd IPA. Vacuum, 100 K-7897602-P3 
mmfd. -5%, 7500 peak voltage. G-E Type 
#GL-1L53. 

RECTIFIER 

Carrier-Trip Selenium Rectifier, Single 14-7479208-Pl 
phase, half wave; 0.5 amps, 84 volts, d-c. 
G-E Cat. #6RS114CB1. 

INDICATING DEVICES 

iISl IPA Plate •ON" Push Button and Lamp. Green K-7107849-P6 
translucent button. G-E Cat. #2280664G-5. 

1IS2 IPA Plate "OFF" Push Button and Red trans- K-7107849-P5 
lucent button. G-E Cat. #2280664G-2. 

1IS5 Carrier-Trip Test Pueh Button and Lamp. 
Same as 1IS2. 

*This item or equivalent can often be obtained from a local radio dealer. 
**Use depends on operating frequency. See chart in Instruction Book. 
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SYJmOL 

*lJl 

*1J2 

*1J3 

*1J4 
and 
lJS 

lKl 

1L3 
1L4 
lL.5 
116 

1L7 
lL8 
1L9 
lLl.O 

1Lll 
lLl.2 
llJ.3 

lLl.4 

lLl.5 

lLl.6 
lLl.7 
lLl.8 
llJ.9 

*1L20 
and 
1L21 
1L22 
and 
1L23 

DESCRIPTION 

JACKS AND RECEPTACLES 

Convenience Outlet with K-7119169-Pl 
Plate. Twin outlet. G-E Cat. /12679 
Except black. 
Frequency Monitor Cable Jack. Chassis 
receptacle. American Phenolic Corp. 
Cat. #83-lR. 
Frequency Monitor Cable Jack. Feed thru 
connector. American Phenolic Corp. 
Cat. /183-lF. 
Excitation Cable Jacks. Same as 1J2. 

RELAYS 

Carrier-Trip Relay. 2 form A, 1 form C 
contacts. 

INDUCTORS 

Plate Tank Coil, 1st IPA 
Frequency Monitor Coupling Coil, 1st IPA 
Grid Choke, 2nd IPA. 
Grid Parasitic Choke, 2nd IPA. Coil, 0.3 
microhenries, 0.003 ohms. (1R22 included) 
Ohmite Cat. #P-300 • 
Neuttalizing Coil, 2nd IPA. 
Plate Choke Coil, 2nd IPA. 
Plate Tank Coil, 2nd IPA. (llJ.0 included) 
Output Coupling Coil, 2nd IPA. (part of 
1L9) 
Grid Tank Coil, 3rd IPA. 
Grid Choke, 3rd IPA. Same as 118. 
Grid Parasitic Choke, 3rd IPA. (Includes 
1R27) 
Grid Parasitic Choke 3rd IPA. Same as lLl.3 
(Includes 1R28) 
Grid Parasitic Choke, 3rd IPA. (Includes 
1R32) 
Neutralizing coil, 3rd IPA. 
Plate Choke, 3rd IPA • 
Plate Tank Coil, 3rd IPA. 
Output Coupling Coil, 3rd IPA. 
750 Volt Supply Filter Chokes. 10 henries, 
0.175 amps., d-c resistance 100 ohms. · 

' \ 

1400 Volt Supply Filter Chokes; 5 henries, 
0.7 amps, d-c resistance 26 ohms. 

G-E DRAWING 

K-7888177-Pl 

M-2R22-P3 

M-2R22-P6 

P-7770221-P32 

ML-7478085-Gl 
ML-7118755-Gl 
ML-7478165-Gl 
M-7476387-Pl 

ML-7478082-G2 
ML-7478157-Gl 
ML-7769373-G2 

ML-7478397-Gl 

K-7117635-G2 

ML-7768780-Gl 
ML-7478900-Gl 
ML-7768783-Gl 
ML-7478185-Gl 
ll-7475693 ~ 

M-7477716 

* This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

1L24 
and 
1L25 
1L26 

lL27 
and 
1L28 
1L29 
1L50 

llll 

lll2 

1M5 

1144 

1M5 

1M6 
thru 
1.)(8 
1M9 

lMlO 
lMll 

llU2 

lL0.5 

*lPl 
thru 
1P5 

•1P4 
and 
lPS 

DESCRIPTION 

INDUCTORS CONTINUED 

G-E DRAWING 

2800 Volt Supply Filter Chokes. 10 henries, M-7477708 
1.5 amps, d-c resistance 15 ohms. 

PA Fixed Bias Supply Filter Choke, 4 M-7477715 
henries, 0.65 amp, d-c resistance, 25 ohms 
AF Bias Supply Filter Chokes. 2 henries, M-7469115 
2 amp. d-c, 8.9 ohms, d-c resistance 

3rd IPA Parasitic Choke. 
2nd IPA Parasitic Choke. 
(Includes 1R51). 

(Includes 1R41) 
Same as 1L29. 

METERS 

K-7117635-Gl 

Oscillator Cathode Milliammeter. 20 ma d-c, P-5R35-P28 
calibrated for non-magnetic panels only. 
750 Volt Supply Voltmeter. 1000 volts d-c, P-5R54-P20 
calibrated for non-magnetic panels only. 
(External resistance lR55 supplies). 
Grid Milliammeter, 2nd IPA, 80 ma d-c, P-5R35-P51 
calibrated for non-magnetic panels only. 
Plate Milliammeter, 2nd IPA, 200 ma d-c, P-5R35-P54 
calibrated for non-magnetic panels only. 
Grid Milliammeter, 3rd IPA. 500 ma d-c, P-5R35-P56 
calibrated for non-magnetic panels only. 
Plate Milliammeters, 3rd IPA. 
Same as 1145. 

Plate Milliammeter, lat IPA, 100 ma d-c, P-5R35-P52 
calibrated for non-magnetic panels only. 
Not used. 
2800 volt eUpply voltmeter. Skv d-c, P-5R54-P26 
calibrated for non-magnetic panels only. 
(External resistance 1R45 supplied). 
PA Fixed Bias Supply voltmeter. 800 v d-c, P-5R54-Pl7 
calibrated for non-magnetic panels only. 
AF Bias Supply Voltmeter. Same as 110.2. 

Frequency Monitor Plug Connectors. 
2 piece straight plug. American 
Phenolic Corp. Cat. #85-lSP. 
Excitation Cable Plug Connectors. 
Same as lPl. 

M-2R22-Pl 

• This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

*lR9 
*lRlO 

lRll 

lR12 

*1Rl5 

1Rl4 

1Rl5 
*lRl.6 
1Rl7 

*lR18 
*lR19 

*1R20 

*1R21 

*1R22 

1R25 
*1R24 

1R25 
*1R26 
1R27 

lR28 
*1R29 

*1R50 

*1R51 
*1R52 
1R55 

*1R54 

*1R55 

*1R56 

1R57 
and 
lR38 

DESCRIPTION 

RESISTORS 

Composition, 5600 ohms tl(J/,, 2 watts 
Wirewound, 2000 ohms ,/;5%, 10 watts. Ward 
Leonard Cat. #K41382-5. 
Suppressor Potentiometer, 1st IPA, power, 
wirewound; 1000 ohms, tlCJI,, 50 watts, 
linear taper, screw driver control. 
Ohmite Model J, Cat. l/0526. 
Screen Potentiometer, 1st Audio. Same as 
lRll. . 
Wirewound, 2000 ohms ts%, 25 watts. Ward 
Leonard Cat. #K41385-5. 
Plate Potentiometer, Oscillator. Same as 
lRll. 
Wirewound, 5150 ohms ts%, 50 watts. 
Composition, 100 ohms.t10%, 2 watts. 
Wirewound, 8000 ohms l:J,%, 50 watts. 
Composition, 24,000 ohms ts%, 2 watts. 
Wirewound, 5,000 ohms i:5%, 25 watts. 
Ward Leonard Cat. #K41385-5. 
Wirewound, 510 ohms ts%, 25 watts. Ward 
Leonard Cat. #1{41585-5. 
Wirewound, 800 ohms t,5%, 25 watts. Ward 
Leonard Cat. #K41385-5. 
Non-inductive, wirewound, 50 ohms. 
(Included in 1L6) • 
Wirewound, 100 ohms ts%, 50 watts. 
Wirewound, 50 ohms t5%, 10 watts. Ward 
Leonard Cat. #)(41582-5. 
Wirewound, 1250 ohms t,5%, 160 watts. 
Same as 1R24. 
Composition, 100 ohms t,1(1/,, 16 watts. 
Globar Division Carborundum Co. Type 
#CX (Included in llJ.5). 
Same as 1R27. (Included in 1Ll4). 
Wirewound, 25 ohms ./is%, 25 watts. Ward 
Leonard Cat. /il{41585-5. 
Wirewound, 100 ohms -t.5%, 10 watts. Ward 
Loenard Cat. #K41382-5. 
Same as 1R24. 
Same as 1R27. (Included in 1L15). 
Multiplier, 1 meg. t 0.2%, l kv. G-E Form 
# 5Y (Supplies with ll42). 
Wirewound, 250 ohms i,5%, 55 watts. Ward 
Leonard Cat. #K41385-5. 
Wirewound, 40 ohms ts%, 10 watts. Ward 
Leonard Cat. /IK41382-5. 
Wirewound, 250 ohms ts%, 25 watts. Ward 
Leonard Cat. #K41385-5. 
Wirewound, 51,500 ohms t,5%, 115 watts. 

G-E . DRAWING 

P-5R67-P71 
M-2Rl2-Pl54 

M-2R54-P44 

M-2Rl4-Pl54 

M-7464828-P56 
P-5R67-P50 
M-7464828-P40 
P-5R67-Pl92 
M-2Rl 4-Pl38 

M-2Rl4-Pl26 

M-2Rl4-Pl50 

M-7464828-P21 
M-2Rl2-Pll8 

M-7464825-P52 

P-7765570-P52 

M-2Rl4-Pl15 

M-2R12-Pl21 

14-7475042-Pl 

11-2Rl5-Pl55 

14-2Rl2-Pll7 

M-2Rl4-Pl25 

M-7464826-P46 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYJIBOL 

1R59 
and 
1R40 
1R41 

*1R42 

lR45 

1R44 
and 
1R45 
1R46 

1R47 
1R48 

1R49 
*lB.50 

1R51 

J.S2 
lS3 

*1S4 

*lSS 
1S6 

lTl 

1T2 

1T5 

DESCRIPTION 

RESISTORS CONTINUED 

Wirewound, 50,000 ohms ,i.5%, 160 watts. 

Sa.me as lR27. (Included in 1L29). 
Trip-CKT Shaping Resistor. Composition, 
59,000 ohms, ilCJI,, 2 watts. 
Multiplier for 114ll. 5 meg. ,/;0.2%, 5 kv. 
G-E Form 5Y. 
Wirewound, 10,000 ohms ,i.5%, 50 watts. 

25,000 ohms 20 watts Damping Resistor IRC 
Type 1/MPZ. 
Wirewound, 5000 ohms ,i.5%, 50 watts. 
Bias Adjust. Variable, 1600 ohms /:5%, 
50 watts. 
Not used. 
Wirewound, 160 ohms ,i.5%, 35 watts. Ward 
Leonard Cat. #K41388-5. 
Same as 1R27. (Included in 1L50). 

SWITCHES 

G-E DRAWING 

M-7 464825-P48 

P-:5R67-P81 

M-7475042-P7 

M-7464828-P41 

P-7765590-P29 

M-7464828-P38 
M-7485417-Pl65 

M-2Rl5-Pl55 

Safety Grounding 9.vitch. 5pst, 20,000 volts ML-7769598-Gl 
Door Interlock. Spat, 10 amp, 250 volts. ML-7460550-04 
Carrier-Trip Power Switch. Toggle, dpst, K-7116145 
20 amps, 250 volts, G-E Cat. #80421. 
Cubicle Light, Switch, Same as 154. 
Safety Grounding Switch. Same as 1S2. 
(For remainder of Switches see Indicating 
Devices) 

TRANSFORMERS 

Crystal Heater Transformer. Pri: 115 volts, M-7479609 
50/60 cycles; Sec: 11 volts, 0.9 amps. 
Filament transformer, Crystal Oscillator. 14-7478415 
Pris 250/208 volts, 50/60 cycles; 
Sec: 12.6/6.5 volts, 0.75 amps. 
Filament Transformer, 1st and 2nd IPA M-7477991 
Pri: 250/208 volts, 50/60 cycles, 0.1225 kva; 
Sec: /fl and #2: 10 volts, center tap, 4~5 
amps.; Sec: #5: 10 volts, center tap, 5.25 
amps. 

1T4 Filament Transformer, 5rd IPA. Pri: 250/ 14-7477985 
208 volts, 50/60 cycles, 0.50 kva. 
Sec. /11: 10 volts, center tap; 
Sec. #2: 10 volts, center tap; 
Sec. #5: 10 volts, center tap. 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

1T5 

1T6 

1T7 
and 
1'1'8 
1'1'9 

1no 

lTll 

1Tl2 

ins 

1Tl4 

lTl.5 

1V2 
1V5 
1V4 
thru 
1V6 
1V7 
and 
1V8 
1V9 
and 
lVlO 
lVll 
thru 
1Vl5 
1V16 
and 
lVl.7 
lVl.8 
and 
1Vl9 
1V20 
and 
1V21 

DESCRIPTION 

TRANSFORMERS CONTINUED 

Filament Transformer, 750 Volt Supply. 
Pris 230/208 volts, 50/60 cycles; 
Secs 2.5/1.25 volts, 10 amps. 
Plate Transformer, 750 Volt Supply. 
Pris 230/208 volts, 50/60 cycles, 0.164 
kva; Sec: 1870/935 volts, 0.252 kva. 
Filament Transformers, 2800 Volt Supply. 
Pris 230/208 volts, 50/60 cycles, 52.5 va. 

G-& DRAWING 

M-7478441 

11-7477984 

Secs 5 volts, 57.5 va. 6 ~ 
Plate Transformer, 2800 Volt Supply. ~ 747'n~ ./ 
Pris 230 volts, 50/60 ,cycles, 6.51 kva, --...__... 
Secs 5300/1650 volts, s.eo kva. 
Filament Transformer, 2800 Volt Supply. 
Same as 1T7. 
Plate Transformer, PA Bias Rectifier 
Pris 230 volts, 50/60 cycles, o.2es kva, 
Secs 760/580 volts, o.4 kva. 
Filament Transformer, PA Bias Rectifier. 
Same as 1T5. ~ f ~ -
Filament Transformer, =Pk' Bias Rec~ifier. M-7477985 
Pris 230/208 volts, 50/60 cycles, 0.076 kva;/ 
Secs 6 volts, center tap, 15 amps.. ~ 
Plate Transformer, AF Bias Rectifier '---._14-74796~ ) ✓ 
Pris 230 yolts, 50/60 cycles, o.94 kva; _, 
Secs 1250/625 volts, 1.55 kva • 
Filament Transformer, 2800 Volt Supply. 
at.me as 1T7. 

TUBES 

Amplifier Tube, 1st IPA. Type GL-828. 
Amplifier Tube, 2nd IPA. Type GL-810. 
Amplifier Tubes, 3rd IPA. Type GL-855 A. 

Rectifier Tubes, 750 Volt Supply. Type 
GL-866A. 

Rectifier Tubes. 2800 Volt Supply. 
Type GL-8008 • 

Not used. 

Rectifier Tubes, 2800 Volt Supply. Same 
as 1V9. 

Rectifier Tubes, PA Bias Supply.(UOO Volt) 
Same as 1V7. 

Rectifier Tubes, AF Bias Supply. Same 
as 1V9. 

• Thie item or equivalent can often be obtained trom a local 
radio dealer. 
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SYMBOL 

*ll2 

*1X5 

1X4 
thru 
ll6 
1X7 
and 
1X8 
ll9 
and 
lllO 
llll 
thru 
lX15 
ll16 
and 
1X17 
1X18 
and 
1X19 
1X20 
and 
1X21 
ll22 

*1X25 
and 
1X24 

2Bl 

2B2 
2B5 

2Cl 

2C2 

2C5 

... .... 

DESCRIPTION 

SOCKETS 

G-E DRAWING 

GL-828 Socket, 1st IPA. 5 contacts. K-1Rl5-P42 
American Phenolic Corp. Type #RSSS. 
GL-810 Socket, 2nd IPA. 4 contacts. M-7475054-P2 
E. F. Johnson Cat. #211B. 
GL-85&. Sockets, 5rd IPA. M-7479130-Pl 
E. F. Johnson Cat. #ZJ.2 except omit plate 
leads. 
GL-866A Sockets, 750 Volt Supply. M-7475054-Pl 
4 contacts. E. F. Johnson Cat. #209B. 

GL-8008 Sockets, 1400 Volt Supply. K-7115212-Pl 
4 contacts. E. F. Johnson Cat. #244. 

GL-8008 Sockets. 2800 Volt Supply. Same 
as 1X9. 

GL-866A Sockets, PA Bias Supply. Same M-7475054-Pl 
as 1X7. 

GL-8008 Sockets, AF Bias Supply. Same 
as 1X9. 

Not Used. 
Lamp Holders. 600 volts, 660 Watts. K-7119168-Pl 
G-E Cat. #001. 

POWER AMPLIFIER 

MOTORS 

PA Tuning Motor. Gear reduction motor, 
reversible; 250 volts, 50/60 cycles, 1 
phase, 45/55 rpm, 240 inch-oz torque, 
10 min. 50;6 duty cycle. Holtzer-Cabot 
Type #5712 shallow gear case. 
Output Loading Motor. Same as 2Bl. 
Grid Tuning Motor. Same as 2Bl. 

CAPACITORS 

M-7476585-Pl 

PA Plate Tank Capacitor. Variable, pres- K~7120902-Pl 
sure type; 475-1500 mmfd. 15 kv. 100 amps. 
Lapp Cat. #24467. 
Output Coupling Capacitor. Variable, pres- K-7120902-P2 
sure type, 1450-5250 mmfd., 10 kv, 100 amps. 
Plate Blocking Capacitor. Mica, 0.0015 K-lRJ.7-Pl 
mfd. -/:.5%, 40 1 000 peak v. 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

204 
205 
thru 
2015 
2014 
and 
2Cl5 
2016 
2017 

DF.SCRIPTION 

CAPACITORS CONTINUED 

Plate Bypass Capacitor. Same as 2C5. 
Filament Bypass Capacitors. Mica, 0.06 mfd. 
ts%, 2000 peak v. 

Grid Tank Bypass Capacitor. 
t.,5%, 500 peak v. 

Not used. 

Mica, 0.1 mfd. 

Grid Blocking Capacitor. Mica, 0.004 mfd. 
ts%, 8000 peak v. 

2Cl8** Transmission Line - Load Matching Capacitors • 
thru Vacuum, rating depends on customer's require-
2C29 ments. When ordering replacements specify 

G-E drawing number and rating. 
2C:30** Second-Harmonic Filter Capacitor. Mica, 

r ating depends on customer's requirements. 
When ordering replacements specify G-E 
drawing number and rating. 

2C51** PA Grid Tank Capacitors. Mica, rating 
thru depends on customer's requirements • . When 
2C55 ordering replacements specify G-E drawing 

2C54 
thru 
2036 

*2C57 
thru 
2C41 
2042 

*2C45 
and 
2044 

*2C45 
thru 
2047 

*2C48 

number and rating. 
Not used. 

Mica, 10,000 mmfd. tlc:1/,, 1200 vdcw. 

Not used. 
Sa.me as 2C57. 

Motor Capacitors. Paper, 1.50 mfd. ~101, 
5:30 vacw. Cornell Dubilier Catalog #PC-1805. 

Mica, 10,000 mmfd. tlc:1/,, 2500 vdcw. 

INDICATING DEVICES 

Mazda #47, 6-8 volts, o.15 amps. 

G-E DRAWING 

M-2R49-P2l 

M-2R25-P21 

M-2R59-Pl5 

P-5R52-Pl7 

K-7116605-Pl 

P-3R52-P75 

*211 
and 
212 
2IS1 PA "OFF" Push button and Lamp, Red trans- K-7107849-PS 

2IS2 

2IS5 
2IS4 

lucent button. G-E Cat. #2280664G-2. 
PA "ON" Push button and Lamp, Green trans- K-7107849-P6 
lucent button. G-E Cat. #2280664G-5. 
IPA "OFF" Push button and lamp. Same as 2IS1. 
IPA "ON• Push button and Lamp. Same as 2IS2. 

ttThis item or equivalent can often be obtained from a local radio 
dealer • 

**Use depends on operating frequency. See chart in Instruction 
Book. 
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SYMBOL DESCRIPTION 

JACKS AND REX:EPTACLES 

*2Jl Convenience Outlet with K-7119169-Pl Plate. 
Twin outlet. G-E Cat. /12679 except black. 

*2J2 Modulation Monitor Jack. Chassis receptacle. 
American Phenolic Corp. Cat. #85-lR. 

*2.J5 Distortion Meter Jack. Same as 2J2. 
*2J4 Distortion Meter Jack. Feed thru connector. 

American Phenolic Corp. Cat. #85-lF. 
*2.J5 Modulation Monitor Jack. Same as 2J4. 
*2J6 Same as 2Jl. 

INDUCTORS 

211 Grid Tank Coil. 18 microhenries. (Includes 
2Sll and 2512) • 

2L2** Tapped Neutralizing Coil. 740 microhenries. 
2L3 Adjustable Neutralizing Coil. 283 micro-

henries. 
2L4 Plate Tank Coil. 90 microhenries. 
2L5 2nd Harmonic Filter Coil. 18.6 microhenries. 
2L6 Harmonic Filter Coils. 73 microhenries. 
and 
2L7 
2L8 Stabilizing coil 
2L9 Grid Choke. 
2110** Plate Choke. When ordering replacements 

specify G-E drawing number. 
2IJ.l Grid Parasitic Choke. (2R9 included) 
2112 Grid Parasitic Choke. Same as 2Lll. (2R10 

included) 
2115 Pick-up Coil for Distortion Meter and Modu­

lation Monitor. 

METERS 

2Ml Grid current Ammeter. 2 amps d-c, initial 
accuracy tl1> of full scale, calibrated for 
.065" magnetic panels only. 

2M2 Total Plate Current Ammeter. 10 amps d-c, 
initial accuracy tl1> of full scale, 
calibrated for .063• magnetic panels only. 

2143 PA Plate Voltmeter. 15 kilovolts d-c, 
initial accuracy t1% of full scale, 
calibrated for .063" magnetic panels only. 
(2Rl.6 thru 2Rl.8 included). 

2144*** Remote Antenna Current Ammeter. 10 ma d-c 
movement, initial accuracy tl% of full scale, 
calibrated for .063" magnetic panels only. 
With 15 amp. scale 
With 25 amp. scale 
With 50 amp. scale 

G-E DRAWING 

K-7888177-Pl 

M-2R22- P3 

M-2R22-P6 

ML-7352095-Gl 

ML-7768797-Gl 
ML-76645 52-Gl 

ML-7664551-Gl 
ML-7768789-Gl 
ML-76645 30-Gl 

K-7129769-Gl 
ML-7478900-Gl 

ML-7478192-Gl 

ML-7479058-Gl 

K-7115711-P7 

K-7115711-P8 

K-7115711-P9 

K-7115711-Pl7 
K-7115711-PlO 
K-7115711-P18 

• 

• 

• 

• 
*This item or equivalent can often be obtained from a local radio dealer. • 
**Use depends on operating frequency. See chart in Instruction Book. 
***Choice of Antenna Ammeter and its scale depends on the antenna resist-

ance and power. See chart in Instruction Book. 
-109-
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SYMBOL DESCRIPTION G-E DRAWING 

METERS CONTINUED 

• 2M5 Filament voltmeter. 50 volts a-c, calibrat- P-5R37-P9 
ed for magnetic and non-magnetic panels. 

2146 PA Plate Current Ammeters. 8 amps, d-c, P-5R56-P6 
and calibrated for non-magnetic panels only. 
2M7 

PLUGS 

*2Pl Modulation Monitor Plug. 2 piece straight M-2R22-Pl 
plug. American Phenolic Corp. Cat. #85-lSP. 

• *2P2 Distortion Meter. Plug. Same as 2Pl. 
*2P3 Modulation Monitor Plug. Same as 2Pl. 
*2P4 Distortion Meter Plug. Same as 2Pl. 
*2P5 Modulation Monitor Plug. Same as 2Pl. 
*2P6 Distortion Meter Plug. Same as 2Pl. 

RESISTORS 

2Rl Grid Leak Resistor. Assembly consisting of K-7ll8709 
3 resistors. G-E Cat. iltR-903M-240D and 1 
resistor G-E Cat. #CR-9033A-240D 5/6 mounted 
in frame. Connected in series to give 960 
ohms total, current capacity 1.62 amp. 
con~inuous 

ohms /:5%, 60 watts. 2R2 Wirewound, 5 14-7464827-PB 

• 2R3 Not used • 
2R4 Same as 2R2. 
and 
2R5 
2R6 Not used. 
2R7 Same as 2R2. 
2R8 Wirewound, 2.5 ohms 'l,5%, ll5 watts. M-7464826-P5 
2R9 Grid Parasitic Resistor, Composition, 40 P-7765370-PBO 

.~ 
ohms t).C!I,, 32 watts. Globar Div. Carborun-
dum Type #CI. (Part of 2Lll). 

2Rl0 Grid Parasitic Resistor. Same as 2R9. (Part 
of 2Ll2). 

2Rll Not used. 
thru 
2Rl4 

• 2R15 PA Holding Bias Adjusting Resistor. Ferrule M-2R55-P26 
type, wirewound, 315 ohms -/::5%, 9 taps tl0%, 
115 watts. 

2Rl6 Multipliers for 2M3. Precision, 5.0 meg. M-7470485-Pl2 
thru t 1/2 of 1%, lma, 5kv. Type #MFA505. 
2Rl8 

SWITCHF.s 

2Sl Grid Tune Key Switch. Lever type, spdt, 2 M-7478768-Pl 

• form A contacts, neutral locking. 10 amps, 
220 volts. D. P. Mossman Cat. #4101. 

*This item or equivalent can often be obtained from a local radio 
dealer. -no-
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SYMBOL 

252 
253 
2S4 

2S5 

2S6 
257 
and 
258 

*2S9 

2Sl0 
2511 
and 
2s12 
2515 

2S14 

,.- 2Sl 5 
thru 
2S17 

*2S18 
2S19 
2520 
and 
2s21 
2s22 
2523 
2S24 
2825 
and 
2526 

DESCRIPTION 

SWITCHES CONTINUED 

Plate Tune Key Switcfi. Same as 2s1. 
Plate Load Key Switch. Same as 2Sl. 

G-E DRAWING 

Filament Voltmeter Selector Switch. Manual- P- 7767481- Pl 
ly operated, 5 poles, 5 positions. G-E 
Type #SB-1. 
Filament Voltmeter Selector 9Nitch. Manually P-7767480-Pl 
operated, 2 poles, 5 positions, G-E Type 
#SB-1. 
Safety Grounding Switch. 5 pst, 20,000 volts. ML-7769598-Gl 
Filament Transfer Switches. Knife, 5 pdt; 250 K-7126495-Pl 
volts d-c, 500 volts a-c, 200 amps. G-E Type 
~l Cat. #~193470G9 without fuses. 
Tuning Motor Power S.-1itch. Toggle, dpst, 20 K- 7116143 
amps 125 or 250 volts. Cat. #80421. Arrow-
Hart and Hegeman. 
Not used. 
Limit Switches. Spdt. (Included in 2Ll) Micro K-7103929-P5 
Switch Corp. Type #STD (blue top) Cat. #B-RL. 

PA Filament Voltage Switch Toggle, dpst, 20 K-7871854-Pl 
amps, 250 volts. Arrow-Hart and Hegeman Cat. 
#80421 Special. 
Air Box Interlock. Push button, single cir- K- 7115172-Pl 
cuit, normally open, 5 amps, 250 volts. 
Arrow-Hart and Hegeman Cat. #5592-D with 
over travel plunger. \ 
Door Interlock. Single circuit, normally \ ML-7460550-G4 l""' 
open, 10 amp, 250 volts. 

Cubicle Light Switch. Same as 2S9. 
Air Box Interlock. Same as 2814. 
Safety Grounding Switches. Same as 256. 

Left PA Plate Link 
Center PA Plate Link 
Right PA Plate Link 
Filament Switch Interlock. Single circuit 
normally open, 10 amp, 250 volts. 

K-7126514-Pl 

(For remainder of switches see Indicating Devices) 

TRANSFORMERS 

2Tl Not used. 
and 
2T2 
2T5 
thru 
2T8 

Filament voltage Adjusting Transformers 
Pri: 155 volts, 50/60 cycles; 
Sec: 55.75 volts, 25 amps. 

M-7478419 

*This item or equivalent can often be obtained from a local radio 
dealer. , 
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SYMBOL 

2'1'9 

2Tl0 
2Tll 
2Tl2 
tbru 
2Tl4 
2Tl5 
tbru 
2Tl7 

2Vl 
tbru 
2V3 

2ll 
thru 
2I3 
2I4 

215 

216 
*217 
and 
2I8 

D?SCRIPTION 

TRANSFORMERS CONTINUED 

G-E DRAWING 

Indicating Light Transformer. Pris 230 volts, M-7477745 
50/60 cycles; Sec: 5 volts, o.s amps. 
Not used. 
Same as 2T9. 
GL-895R Filament Transformers. Pri: 230volts, M-7479634 
50/60 cycles; Sec: 19 volts, 138 amps. 

GL-895R Filament Transformers. Prit 133 volts, M-7479633 
50/60 cycles; Sec: 19 volts, 138 amps. 

Power Amplifier Tubes. Type GL-895R. 

SOCKETS 

GL-895R Sockets 

Tuning Indicator Light Socket. Light green 
cap. Dial Light Co. Cat. #95410-192L. 
Grid Tuning Limit Indicator Socket. White 
cap. Dial Light Co. Cat. #95410-198 • 
Not used. 
Lampholder Sockets. 600 volts, 660 watts. 
G-E Cat. /IOOl. 

AUDIO MODULATOR 

T-7665016 

K-7117809-P4 

K-7117809-Pl 

K-7119168-Pl 

301 Not used. 
and 
302 
3C3 
and 
304 

*3C5 
and 
306 

*307 
and 
308 

*309 

3010 
and 
3011 

Pyranol, 25 mfd. ilc:d,, 330 vdcw. 
G-E Cat. /167 X 16. 

High Frequency Attenuators. 
Mica, 470 mmfd. t5%, 500 vdcw • 

Low Frequency Attenuators. 
Paper, 0.02 mfd. ,£30%-10%, 600 vdcw. 
Sprague Cat. #PPX24B14. 
Pyranol, 4 mfd. £10%, 2000 vdcw. G-E Cat. 
#23F383. 
Pyranol, 1 mfd. ,£10%, 3000 vdcw. 
G-E Cat. l23F402. 

K-7118712-Pl 

P-7770296-PM 

P-7768969-P34 

P-5R87-P3 

P-5R87-P9 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

*3Cl2 

5013 

*5014 

C
3Cl5 
and 
5016 
5Cl7 
and 
5018 

*3019 
and 
5020 

*5021 

*5C22 
and 
5C23 
5024 
and 
5C25 

DESCRIPTION. 

AUDIO MODULATOR CONTINUED 

Bypass Capacitor. Mica, 10,000 mmfd. l;lCJI, 
600 vdcw. 
Pyranol, 1 mfd. /:.10%, 4000 vdcw. G- E Cat. 
#23F410. 
Bypass Capacitor. Same as 5012. 
Low Frequency attenuators. Paper, 0.05 mfd. 
/.3C/l,-1CJI,, 600 vdcw. 
Sprague Cat. #PPI24Bl 7. 
High Frequency Attenuators. Mica, 2200 mmfd. 
#,%, 500 vdcw. 

Pyranol, 2 mfd. tlCJI,, 1000 vdcw. G-E Cat. 
#29360. 

Pyranol, 2 mfd. {1.CJI,, 600 vdcw. G-E Cat. 
#25F550. 
High Frequency Bypass. Mica, 220 mmfd. #,%, 
500 vdcw. 

D-C Blocking Capacitor. Pyranol, 1 mfd. 
/,15% - <YI,, 15,000 vdcw. G-E Cat. /ll4Fl7. 

INDICATING DEVICES 

G- E DRAWING 

P- 3R31-Pl5 

P-5R87-Pl3 

P- 7768969-P55 

P-3R28-P44 

P-3R88- P7· 

P-5R88- P2 

P-3R26-P54 

M- 7478955-P2 

3IS1 IPA, "OFF" Push Button and Lamp. Red button, K- 7107849-PS 
G-E Cat. · #2280644G-2. 

3IS2 IPA, 110N" Push button and Lamp. Green K- 7107849- PS 
button, G-E Cat. ·#2280664G-3. 

3IS5 PA "OFF" Push Button and Lamp. Same as 5IS1. 
3IS4 PA "ON" Push button and Lamp. Same as 3IS2. 

JACKS AND RECEPTACLES 

*3Jl Convenience Outlets with K-7119169-Pl plate. K- 7888177-Pl 
and Twin outlets. G-E Cat. #2679. Except Black. 
3J2 

5Kl 
thru 
5K3 
3K4 

RELAYS 

Bias Change Relays. 230 volts, 50/60 cycles, P-7767982-Pll 
one spdt and one spst NO. contacts. 
G-E Type /112HMA14E2. v-
Audio Attenuating Relay. 220 volts, 60 cycle; P-7770221-PZ 
1 form A, 2 form B contacts. 

INDUCTORS 

5Ll Driver Coupling Reactor. Dual, inductance M-7478421 
37.5 henries at 0.175 amp, d-o resistance 50 
ohms each section. 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

5Ml 
and 
3M2 
5145 

5144 

5M5 

3M6 
and 
5147 
5MB 
and 
5M9 
5M10 
and 
5Mll 

5R1 
3R2 
5R5 
thru 
5R5 
5R6 
thru 
5R9 
5R10 
thru 
5Rl5 
5Rl4 
thru 
5Rl7 

*5R18 
thru 
3R21 
5R22 
and 
5R25 
5R24 
and 
5R25 
5R26 

DESCRIPTION 

METERS 

Plate Current Ammeter. 5 amps d-c, initial 
accuracy tYI> of full scale; calibrated for 
use on 0.065" magnetic panels only. 
Filament Voltmeter. 50 volts a-c, calibrat-
ed for magnetic or non-magnetic panels. 
Voltmeter 500 volts a-c, 45-66 cps, initial 
accuracy tJ$ of full scale, calibrated for 
0.065• magnetic panels. (Multiplier 5R2 
supplied) 
Voltmeter. Same as 5M4. (Multiplier 5R1 
supplied) 
2nd Audio Cathode Milliammeters, 200 ma d-c, 
calibrated for non- magnetic panels only. 

1st Audio Cathode Milliammeters. 50 ma d-c, 
calibrated for non-magnetic panels only. 

3rd Audio Plate Milliammeters. 500 ma d-c, 
calibrated for non-magnetic panels only. 

RESISTORS 

Multiplier for 3M5. 
Multiplier for 5M4. 
Composition, 40 ohms tl0%, 52 watts. 
Globar Div. Carborundum Co. Type I/CI. 

Wirewound, 5 ohms i,5%, 60 watts. 

Composition, 40 ohms i,lCJI,, 16 watts. 
Globar Div. Carborundum Co. Type I/CI. 

Plate Surge Resistors. Wirewound, 5 ohms 
ts%, 160 watts. . 

Composition, 470 ohms f:5%, 1 watt. 

Grid Loading Resistors. Wirewound, 5000 ohms 
ts%, 50 watts. 

Modulator Bias Adjusting Resistors. Wire­
wound, 65 ohms ts%, 9 taps i,lC!li, 160 watts. 

Modulator Balance Control. Rheostat, power, 
wirewound, dual; 150 ohms tl0%, 500 watts 
each section. Ohmite Type 6602. 

5R27 Modulator Bias Control. Rheostat, power, 
wirewound; 125 ohms /;lCJI,, 300 watts, linear 
taper. 

G-E DRAWING 

K-7115711-P6 

P-3R57-P9 

K-7115711-P2 

P-5R55-P54 

P-3R55-P50 

P-3R55-P56 

P-7765~70-PSO -

M-7464827-PS 

P-7765 570-P50 

11-7464825-PS 

P-5R15-P151 

M-7464828-P58 

M-2R54-Pl9 

P-7769825-P2 

M-2R61-P25 

wrhis item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

5&28 
3R29 
and 
3R50 
5R51 
thru 
5R54 
5R55 
thru 
3R58 
3R59 

3R40 

5R41 

*5R42 
and 
5R45 

*5R44 
and 
3R45 
5R46 
5R47 
5R48 

*5R49 
and 
5RSO 

*5R51 
and 
5R52 
5RS~ 
and 
5R54 
&i55 
and 
5R56 

*5R57 
and 
5R58 
5R59 
and 
5R60 

5R61 

DESCRIPTION 

RESISTORS CONTINUED 

G-E DRAWING 

Wirewound, 200 ohms t;S%, 115 watts. M-7464826-P24 
5rd Audio Driver Bias Controls. Rheostat, M-2R58-Pl5 
power, wirewound; 150 ohms tlC/1,, linear 
taper, 225 watts. Ohmite Model P. Cat. #1262. 
Composition, 55,000 ohms tlC/1,, 2 watts. P-5R67-P80 

Wirewound, 6500 ohms /:5%, 160 watts. M-7464825-P59 

2nd Audio Cathode Resistor. Rheostat, power, M-2R55-P59 
wirewound; 400 ohms tlr:t1,, 75 watts; linear 
taper, screw driver control. Ohmite Model G. 
Cat. #1114. 
Wirewound, 400 ohms t,5%, 50 watts. Ward 14-2Rl.7-P57 
Leonard Cat. #K-41589-1. 
Discharge Resistor. Composition, 1.0 meg. P-3R67-P98 
tl(fl,, 2 watts. 
Same as 3Rl.8. 

Composition, 0.20 meg. ohms t.5'1,, 2 watts. P-5R67-P214 

Sa.me as 5&28. 
Wirewoun~, 2000 ohms if,%, 160 watts. M-7464825-P54 
Same as 5R41. 
Low Frequency Attenuator. Composition, o.51 P-3R67-P224 
meg. t,5%, 2 watts. 

High Frequency Attenuator. Composition, 2400 P-5R67-P168 
ohms tf,%, 2 watts. 

Wirewound, 16,000 ohms if,%, 55 watts. M-2Rl5-P55 
Ward Leonard Cat. /IK41588-l. 

Sa.me as 5R24. 

Same as 3Rl.8. 

1st Audio Cathode Feedback Controls. Rheo- M-2R55-P42 
stat, power, wirewound; 1000 ohms i,1<:$, 25 
watts; linear taper, screw driver control. 
Ohmite Model H, Cat. #0158. 
1st Audio Bias Control. Rheostat, power, M-2R55-P40 
wirewound; 500 ohms tlr:t1,, 25 watts; linear 
taper, screw-driver control. Oh.mite Model IIH, 
Cat. #0156. 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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*5R62 
and 
3R63 
3R64 
thru 
5R73 
3R74 
and 
3R75 

3R76 
thru 
3R?9 
3R80 
and 
3R81 

3R82 
and 
3R83 

*3R84 
and 
3R85 

*3R86 

3Sl 
and 
352 
3S3 
and 
354 
3S5 
356 

3S7 

3S8 
and 
359 
3510 

5Sll 
3512 
thru 
3514 

DESCRIPTION 

RESISTORS CONTINUED 

Audio Transformer Loading Resistors. 
Composition, 27,000 ohms if,%, l watt. 

Feedback Resistors. Wirewound, 501 000 ohms 
if,%, 35 watts. International Resistance 
Corp. Type 1/MPC. 
Feedback Controls. Rheostat, power, wire­
wound; 1500 ohms ,tl0%, 25 watts; linear 
taper, screwdriver control • . Ohmite Model H, 
Cat. #0159. 
Wirewotmd, 40 ohms if,%, 10 watts. 
Ward Leonard Cat. #K-41382-1. 

Filament Center Tap Potentiometer. Rheostat, 
power, wirewound; 12 ohms ,tl0%, 50 watts; 
linear taper, screwdriver control. Ohmite 
Model J, Cat. #0314. 
Wirewotmd, 1.0 ohm 1:5%, 10 watts. 
Ward Leonard Cat. #K-41382-1. 

Audio Attenuators. Composition, 240 ohms 
if,%, 1/2 watt. 

Audio Attenuator. Composition, 120 ohms 
t,lr$, 1/2 watt • 

SWITCHES 

Plate Transformer Links. 
Spdt, 22 lilovolts. 

Grid Transfer Links. 
Spdt. l kilovolt. 

Safety Grounding Switch, 3 pdt. 
Filament Voltmeter Selector Switch. Manually 
operated, 3 poles, 3 positions. G-E Type 
#SB-1. 
Filament Voltmeter Selector Switch. 14anuall.y 
operated, 2 poles, 3 positions. G-E Type 
#SB-1 • 
Filament Transfer Switches. Knife 3 pdt, 250 
volts d-c, 500 volts, a-c, 200 amps, G-E 
Type #].Pl, Cat. #'619347009 without fuses. 
Modulator Filament Voltage Swtich. Toggle, 
dpst, 20 amps, 250 volts. Arrow-Hart and 
Hegeman Cat. 1/80421 Special. 
Not used. 
Door Interlocks, Single circuit normally 
open, 10 amps, 250 volts. 

G-E DRAWING 

P-3Rl3-Pl93 

P-7764166-P4 

M-2R35-P43 

M-2Rl2-Pl7 

11-2R34-P32 

M-2Rl2-Pl 

P-5Rll-Pl44 

P-3Rll-P51 

ML-7769398-Gl 
P-7767481 

P-7767480 

K-7126493-Pl 

K-7871834 

ML-7460530-G4 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

5815 

5$16 
thru 
5Sl8 
5$19 
and 
5S20 

5Tl 
and 
5T2 
5T5 
thru 
5T8 
5T9 

5Tl0 

5Tll 

5Tl2 

5Tl5 
thru 
5Tl8 

3Vl 
and 
5V2 
5V5 
and 
314 
5V5 
thru 
5V8 
5V9 
thru 
5Vll 

DESCRIPTION 

SWITCHES CONTINUED 

G-E DRAWING 

Cubicle Light Switch. Toggle, dpst, 250 volts K-7116145 
Arrow-Hart and Hegeman Cat. 680421 . .... 
Safety Grounding Switches. Same as 555. 

Filament Switch Interlocks. Single circuit K-7126514-Pl 
normally open, 10 amps, 250 volts. 

(For remainder of switches see Indicating Devices) 

TRANSFORMERS 

Not used. 

Filament Voltage Adjusting Transformers M-7478419 
Pri: 155 volts, 50/60 cycles; 
Sec: 55.75 volts, 25 amps. 
GL-5C24 Filament Transformer. Pri: 250/208 M-7478416 
volts, 50/60 cycles; Sec. #1.: 10J5 volts, 10.4 
amps; Sec.#2: 10/5 volts, 10. 4 amps. 
GL-5C24 Filament Transformer. Pri: 250/208 M-7477709 
volts, 50/60 cycles; Sec.#1.: 10/5 volts, 5.2 
amps; Sec. #2: 10/5 volts, 5.2 amps. 
GL-857 Filament Transformer. Pri: 250/208 M-7477712 
volts, 50/60 cycles; Sec: 12. 6/6. 5 ;3%, ..al,, 
1.4 amps. 
Audio Input Transformer. Pri: 600/150 ohms; M- 7478088 
Sec: 60,000 ohms/50,000 ohms, Thordarson 
Type #T-4991M. 
GL-895R Filament Transformers. M-7479654 
Pri: 250 volts, 50/60 cycles; 
Sec: 19 volts, ~58 amps. 

1st Audio 
Type GL-857 

2nd Audio 
Type GL-5C24 

Modulator Driver. Same as 5V5. 

Modulator. Type GL-895R 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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5Xl 
and 
312 
513 
thru 
5X8 
519 
thru 
Wl 
m2 
and 
5%13 

DESCRIPl'ION 

socp;Ts 

GL-857 Sockets 7 contacts. 
American Phenolic Corp. Type ~S7L. 

GL-5C24 Sockets. 4 pin 
E. F. Johnson Cat. #244. 

GL-895R Sockets 

Lampholder Sockets. 600 volts, 660 watts. 
G-E Cat. #001. 

RECTIFIER 

MOTORS 

G-E DRAWnm 

K-1Rl3-P45 

K-7115212-P+ 

T-7665016 

K-7119168-Pl 

4Bl41 Blower. CCW rotation, top horizontal. Sirroco 14-7469960-P4 
Blower Utility set fan size //00; supplied with 
G-E motor #5KSC52HA68 (ball bearing) 10 watts 
50/60 cycles, single phase, 250 volts, 2500/ 
2850 rpm, enclosed, ventilated. 

4BM2 Blower, cw rotation, otherwise same as 4BM1. M-7469960-P5 

4Cl 
thru 
4C6 
4C7 
thru 
4Cl2 

CAPACITORS 

Filter Capacitors. Pyranol, 3 mfd. ~15%-o%, 
12500 vdcw. G-E Cat. #14Fl5. 

Coupling Capacitors. Pyranol, 1.25 mfd. 
il<JI,, 20,000 vdcw. G-E Cat. #14F329 except 
omit brackets. 

RECTIFIER 

14-7478955-P4 

K-7119420-P2 

4CR1 Copper Oxide Rectifier. Single phase bridge. K-7119657 
27 volts, 0.5 amps d-c rating. G-E Cat. 

*411 
thru 
416 
41S1 

41S2 

#6P.t;5C41 VVV. 

INDICATING DEVICES 

Lamp, 6-8 volts, 0.15 amps. Mazda /147. 

Rectifier "ON• Push Button and Lamp. 
Green Button. G-E Cat. #2280664G-3. 
Rectifier "OFF" Push Button and Lamp. 
Red button. G-E Cat. #2280664G-2. 

K-7107849-P6 

K-7107849-PS 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL DESCllIPTION 

INDICATING DEVICES CONTINUED 

G-E DRAWING 

4IS3 Tube Change Push Button and Lamp. Same as 
4IS2. 

*4Jl 

JACKS AND RECEPTACLES 

Convenience Outlet with K-7119169-Pl Plate. 
Twin outlet. G-E Cat. #2679 except black. 

RELAYS 

K-7888177-Pl 

4Kl Tube Change Contactor. Dpdt, 250 volt 50/60 T-7664564 
thru cycle coil. E. F. Johnson Cat. #145-2-2, 

4KG 'type #JR.DA with 1 auxiliary switch (1 NO. 
contact each direction). 

4K7 Tube Change Relay. 250 volts, 60 cycles, 2 NO. P-7767982-P:5 
and 2 NC. dpdt contacts. G-E Type #12.HMA11Bl2. 

4K8 Tube Change Relay. 230 volts a-c, 1 NC time M-7478759 
reclosing contact, 1 second timing. G-E Type 

4Rl 
thru 

4R8 
4R9 
and 
4Rl0 
4Rll 

4Sl 

4S2 

455 

4S4 
4S5 

4S6 

4S7 

4S8 

I/CR 2820-BlA, G-E Cat. /15367573-G6. 

RESISTORS 

Bleeder Resistors. 
Wirewound, 25,000 ohms t5%, 160 watts. 

Dropping Resistor. Wirewound, 200 ohms 
ts%, 115 watts. 

Plate Regulator Control. Rheostat, power, 
wirewound, 75 ohms tlCJI,, 150 watts, linear 
taper. Ohmite Model L Cat. l/0535. 

SWITCHES 

14-7464825-P45 

M-7464826-P24 

14-2R37-Pl2 

Voltage Selector Switch. Manually operated, P-7770277-Pl 
3 stages, G-E Type #SB-1. 
Tube Change Selector SWitch. Manually operat- P-7770276-Pl 
ed, 7 stages. G-E Type #SB-1. 
Door Interlock. Single circuit, normally ML-7460530-04 
open, 10 amp, 250 volts. 
Safety Grounding Switch, 5 pat. ML-7769598-Gl 
Cubicle Light Switch. Toggle, dpst, 20 amps, K-7116145-Pl 
250 volts. G-E Cat. #80421. 
Regulator Control Key SNitch. Spdt., 2 form B M-7478768-P2 
contacts, neutral locking, 10 amps, 220 volts. 
Regulator Raise - Lower Key S.Vitch. Spdt, 2 14-7478768-Pl 
form A contacts, neutral locking, 10 amps, 
220 volts. D. P. Mossman Inc. Cat. #4101. 
Safety Grounding Switch. Same as 454. 
(For remainder of Switches_see Indicating Devices) 

*This item or equiva.lent can ·often be obtained from a loca.l radio 
dea.ler. 
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4Tl 
tbru 
4T7 
4T8 
thru 
4Tl5 

DESCRIPTION 

TRANSFORMmS 

857 B Filament Transformers. 
Pris 230 volts, 50/60 cycles; 
Sec: 5 volts, 55 amps. 
Indicator Light Transformers. 
Pria 230 volts, 50/60 cycles; 
Sec, 5 volts, /,'SI, -1%, o.5 amps. 

TUBES 

4Vl Rectifier Tubes. Type GL-857B • 
thru 
4V6 
4V7 Spare Rectifier Tube. Same as 4Vl. 

4Il 
thru 
4X5 
4X4 
4I5 
and 
4X6 
4X7 
4X8 

. thru 
4ll5 
4ll4 
and 
4Xl5 

857-B Tube Mounting 

857-B Tube Mounting 
857-B Tube Mounting 

857B Tube Mounting. 

SOCKETS 

Indicator Light Sockets. White translucent 
jewel. Dial Light Co. Cat. #95410-198 • 

Lampholders, 600 volts, 660 watts. 
G-E Cat. l/001 

COOTROL UNIT 

STRUCTURAL PARTS 

G-B DRAWING 

11-7467896 

11-7477745 

ML-7770472-02 

ML-7770472-GS 

ML-7770472--01 
K-7117809-Pl 

K-7119168-Pl 

Filament Regulator Control Panel. Supply M-7478~81-Pl 
voltage (for motor) 115 volts, 50/60 cycles, 
control voltages 115 volts, 50/60 cycles, 
for use with external 75 ohms variable 
resistor in series with voltmeter coil per-
mitting /;le$ control of regulated voltage. 

SA2 Plate Regulator Control Panel. Same as Sil. 

R!X:Til"IERS 

5CR1 Selenium Rectifier. Half wave. 
and G-E Cat. 16RS126A.SBl. 
5CR2 
SCRS Not used. 
and 
SCR4 

K-7119368 

ttThis item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL DF.SCRIPTION 

RECTIFIERS CONTINUED 

G-E DRAWING 

5CR5 Selenium Rectifier. Same as 5CR1. 
and 
5CR6 

5El 

5E2 
and 
5E3 
5E4 

*5Fl 
thru 
5F3 
5F4 
thru 
5F6 
5F7 
thru 
5F8 

*5Il 
thru 
5I29 
5IS1 

5IS2 

51S5 

5IS4 

*5Jl 

. 
MISCELLANEOUS ELECTRICAL PARTS 

Carrier "OFF" Bell. 4" vibrating, 115 volts, M-7479254 
50/60 cycles. Edwards and Co. A.daptabel Cat. 
1/560. 
Fuse Block, 5 pole, 
G-E Cat. /154572. 

50 amps, at 250 volts. P-7765583-PS 

Crystal Heater Fuse Block. 2 pole, 50 amps, at P-7765583-P4 
250 volts. G-E Cat. 34367. 

~ 

3 amps, 250 volts, G-E Cat. 1/5167 

10 amps, 250 volts, G-E Cat. #3169 

Same as 5Fl. 

INDICATING DEVICES 

1'ulJ>,- #47, 6-8' vplt.a, 0,15 lllDPB• . .. . 

K-lRll-Pl 

K-laI.l-P5 

Transmitter 110N" Push Button and Lamp. K-7107849-P6 
Green translucent button. G-E Cat. #2280664G-3. 
Transmitter "OFF" Push Button and Lamp. K-7107849-P5 
Red translucent button. G-E Cat. l2280664G-2. 
Overload Reset Push Button and Lamp. K-7107849-P9 
White translucent button. G-E Cat.#2280664G-
Emergency Start Push Button and Lamp. Same 
as 51S5. 

JACKS AND .RECEPTACLES 

Convenience Outlet with K-7119169-Pl cover. 
Twin. G-E Cat. #2679 except black. 

RELAYS 

K-7888177-Pl 

5ll Transmitter "Start" Latching Relay. 230 volts, 11-7474995-Pl 
60 cycle coils, 2 NO. poles, rated 25 amps. 
230 volts. Struthers Dunn latch-in electrical 
reset relay' type #SBll. 

*This item or equivalent can o£ten be obtained from a local radio 
dealer. 
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5K2 

5K5 

5K4 
5K5 

5K6 

5K7 

5K8 

5K9 
5Kl0 
5Kll 
sn2 
5Kl5 
5ll4 
5n5 
5n6 
5K17 

5Kl8 

5Kl.9 

5K20 
5K21 

5K22 

5K25 

DESCRIPTIC!l 

RELAYS CONTINUED 

G-E DRAWING 

L. P. Filament Contactor. 220 volt, 60 cycle P-7770259-Pl 
coil; 4 NO. poles, 2 NC interlocks. G-E Cat. 
#952087505. 
L. P. Filament Auxiliary. 250 volts, 50/60 P-7767982-Pl2 
cycle coil; one spdt and 1 spst NO. contact. 
G-E Type /.l2HMA14D2. 
Blower Start Auxiliary. Same as 5K2. 
Shut Down Timing. 220 volt, 60 cycle coil, P-7768998-Pl2 
1 NO. instantaneous close, 1 NO. close on 
time and 1 NC open on time contacts; 1 to 
17 min. time delay. G-E Type #CR2820-1099E5 • 
Filament Time Delay: 220 volt, 60 cycle coil; P-7768998-Pl5 
1 NO. instantaneous close, 1 NO. close on 
time and 1 NC open on time contacts; 15 sec. 
to 5 min. time delay. G-E Cat. #CR2820-1099S5. 
Time Delay Bypass Rela.y. 220 volt, 60 cycle ll-7477464-P2 
coil, 5 sec. ~.5 sec. time interval. G-E 
Cat. A(:R2820-1751A5. 
Auxiliary Relay. 250 volt, 60 cycle coil; P-7767982-P4 
2 NO., 2 NC dpst contacts. G-E Type 
#12HMA11A52. 
Air Interlock relay. Same as 5KB. 
Modulator Door Interlock Relay. Same as 5KB. 
Exciter Door Interlock Relay. Same as5IC8. 
PA Door Interlock Relay. Same as 5KB. 
Rectifier Door Interlock Relay. Same as 5KB. 
External. Door Interlock Relay. Same as 5K8. 
Door Interlock Relay. Same as 5K2. 
L-V and Bias Auxiliary. Same as 5K2. 
AF Bias Interlock. Coil resistance 1 ohm P-7770222-P25 
or less, pull in current 1.2 amp. adjust-
able from .9 to 1.5 amps; 2 form A, 1 form 
B contacts. 
PA Bias Interlock. Coil resistance 4000 ohms P-7770222-P? 
or less; pull in current 12 ma adjustable .from 
9 to 15 ma; 2 form A, 1 form B contacts. 
PA Filament Contactor. 220 volt 60 cycle a-c P-7769202-P2 
coil, 5 NO. main poles 1 NO, and 2 NC inter-
lock G-E Type #CR2811-C24AWt Cat. #8667275. 
Modulator Filament Contactor. Same as 5Kl9. 
Int. Rectifier Start Latching Relay. Same 
as 5Kl. 
Int. Rectifier Start. Contactor, 220 volt, M-7478977-P2 
60 cycle a-o coil, 5 nain poles, 1 NC inter-
lock. G-E Type i1tR2811-C22DA Cat. #8258857G5. 
Int. Rectifier Step Start Timing 220 volt, M-7478826-Pl 
60 cycle coil, 1 NO. time closing contact, 
time setting 1 sec. approx. G-E Type 
;tR2820FlA, Cat. #5567592-G2. 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

5K24 
5K25 

V 5K26 

5K27 

5K28 

5K29 

5K30 

5K31 

5K32 

5K33 

5K34 
5K35 

5K36 

5K37 
and 
5K38 
5K39 
and 
5K40 
5K41 
and 
5K42 

DESCRIPTION 

RELAYS CONTINUED 

Int. Rectifier Run. Sa.me as 5K22. 

G-E DRAWING 

Int. Rectifier Overload. 35 amp. coil, 2 NO. M-7478191-PB 
2 NC contacts; 40-120 calibration. G-E Type 
#12PAC13Bl5. 
2nd IPA Ov~rload. Relay. Coil resistance P-7770222-Pll 
10 ohm ur less; pull in current 250 ma 
adjust.....u~e from 190 ma to 310 ma; 2 form A, 
2 form B contacts. 
3rd IPA Overload Relay. Coil resistance P-7770222-Pl5 
0. 75 ohm~ or less; pull .i.n current 1.75 amp. 
adjus'-<iole from 1. 2 amp to 2.2 amp; 2 form 
A, 2 fonu B contacts. 
3rd Audio Overload Relay. Coil resistance P-7770222-Pl9 
2 ohms or le~s; pull in current 600 ma adjust-
able from 450 to 750 ma; 2 form A, 2 form B 
contacts. 
Int. Rectifier Reclosure Relay. 230 volt, M- 7474991-Pl 
60 cycle coils; momentary duty; 1 contact 
with sequence OOOC, 1 contact with sequence 
OCCO and 1 auxiliary NO. contact. Struthers 
Dunn reclosure relay Cat. #99Bil102. 
Int. Rectifier Lockout Relay. 230 volt, P-7767982-P4 
60 cycle coil, 2 NO. and 2 NC dpdt contacts, 
G-E Type /112HMAllA 32. 
Int. Rectifier Lockout and Reclosure Reset 
Relay. Same as 5K30. 
Int. Rectifier Auto-Reset Timing. 230 volt, P-7768998-Pl4 
60 cycle coil; 1 NO. instantaneous close , 
l NO. close on time, and 1 NC open on time 
contacts; 4 to 40 sec. time delay. G-E Type 
#CR2820-1099G3. 
HV Rectifier Start Latching Relay. Same as 
5Kl. 
Not Used. 
HV Rectifier Reclosure Time Relay. 220 volts, M-7477464-P3 
60 cycle, 1 sec. t0.25 sec. time interval. 
G-E Cat. I/CR2820 1731B3. 
PA and Modulator Filament Interlock. Same 
as 5K3. 
PA Overload. 5 amp. coil, 2 NO. and 2 NC M-7478191-P2 
contacts, 5-15 calibration, automatic reset. 
G-E Type #12PAC13B5. 
Modulator Overload. 4 amp. coil, 2 NO. 2 NC M-7478191-P4 
contacts, 4-12 calibration, automatic reset. 
G-E Type #12PAC13B4. 
HV Rectifier Overload. Same as 5K37. 

5K43 HV Rectifier Reclosure. Same as 5K29. 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

SK44 
5K45 
5K46 
5K47 

SK48 
5K49 
SKSO 
5K51 
5K52 
and 
5K53 
5K54 
and 
5K55 
5K56 
and 
5K57 
5K58 
5K59 
5K60 

D~CRIPTION 

RELAYS CONTINUED 

HV Rectifier Lockout. Same as 5K8. 
HV Rectifier Auto-Reset. 9:1.me as 5K32. 
HV Rectifier Lockout Reset. Same as 5K8. 

G-E DRAWING 

Int. Rectifier Supervisory Relay. 220 volt, P-777022l-P6 
60 cycle, coil, 2 form A contacts. 
2nd IPA Supervisory Relay. Same as 5K47. 
3rd IPA Supervisory Relay. Same as 5K47. 
3rd A-F Supervisory Relay. Same as 5K47. 
Carrier Trip Supervisory Relay. Same as 5K47. 
PA Supervisory Relays. Same as 5K47. 

Modulator Supervisory Relays. Same as 
5K47. 

HV Rectifier Supervisory Relays. Same 
as 5K47. 

3rd A-F Overload. Same as 5K28. 
3rd A-F Supervisory Relay. Same as 5K47. 
Timing Relay. Same as 5K23. 

METERS 

5Ml. Not used. 
and 
5142 
5M3 

5Rl 
and 
5R2 
5R3 

5R4 

Filament Time Meter. 230 volts. 60 cycles. 
G-E Model 8KT8D6 or 230 volts, 50 cycles 
G-E Model 8KT8D12. 

RESISTORS 

P-3R66-P3 
P-3R66-P8 

Run resistors. M-7464826-P27 
Wirewound, 400 ohms -t,5%, 115 watts. 

Int. Rectifier Start Resistor. Wirewound, ll-7476995-P3 
4.8 ohms, 9.4 amps, 7 eqw.l steps. G-E Type 
#CR9035-B-4.8C 7/8. 
Filament Regulator Control. Rheostat, Power, M-2R37-Pl2 
wirewound; 75 ohms tl0%, 150 watts, linear 
taper. Ohmite Model Cat. l/0535. 

SWITCHF.S 

5S1 Breaker Control Switches. Manually operated M-7479209 
and G-E Cat. #16SB1Bl. 
5S2 

*This item or equivalent can often be obtained from a local radio 
dealer. 

-124-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

SYMBOL 

5S5 

5S4 
and 
5S5 
5S6 
5S7 
5S8 

5S9 
5S10 

5S11 

5S12 
5Sl5 

5Sl4 

5S15 

5S16 
5S17 

5S18 

5S19 
5S20 

5S21 
5S22 

5Tl 
thru 
5T4 
5T5 
5T6 

DZSCRIPTION 

SWITCHES CONTINUED 

G-E DRAWING 

Int. Rectifier Lockout Switch. Toggle, dpdt, K-7116628 
10 amps, 125 volts, 5 amps. 250 volts . Arrow-
Hart and Hegeman Cat. #80658. 
Voltmeter St,itches. G-E Cat. #16SB1CF1 M-7478964 
except for pistol grip handle. 

HV Rectifier Lockout Switch. Same as 5S5. 
Not used. 
Control Breaker. 250 volts a-c, 60 cycles, P- 7768829-Pl5 
55 amps, 2 pole time overload curve 2. 
Heineman Cat. #22655-55. 
Not used. 
Main Blower Breaker. 250 volts, a- c, 60 P-7768850-P? 
cycles, 50 amps; 5 pole, time overload curve 
1. Heinemann Cat. #5565S-50. 
HV Rectifier Blower Breaker, 250 volts a- c, P-7768829-P9 
60 cycles, 10 amps, 2 pole, time overload 
curve 2. Heinemann Cat. #22655-10. 
L-V and Bias Breaker. Same as 5S11. 
Int. Rectifier Breaker. 250 volts a-c, 60 P-7768829-P7 
cycles, 50 amps; 2 pole, time overload curve 
1. Heinemann Cat. #2265S-50. 
Filament Breaker. 250 volts a-c, 60 cycles, P-7768850-PlO 
15 amps; 5 pole, time overload curve 2. 
Heinemann Cat. #5565S-15. 
PA Filament Breaker. 250 volts a-c, 100 amps , P-7770473-PS 
5 pole. Trumbull Cat. #ATB52100. 
Modulator Filament Breaker. Same as 5S15. 
Cubicle Light and Outlet Breaker. Same as 
5sa. 
Cubicle Light Switch. Toggle, dpst, 20 amps, K-7116145 
250 volts. G-E Cat. //80421. 
Not used. 
Filament Regulator Raise - Lower Key Switch, M-7478768-Pl 
spdt, 2 form A contacts, neutral locking, 10 
amps, 220 volts. D. P. Mossman Cat. #4101. 
Spare Breaker. Same as 5Sl0. 
Filament Regulator Key Switch Spdt., 2 form M-7478768-P2 
B contacts, neutral locking. 10 amps, 220 
volts. 
(For remainder of switches see Indicating Devices) 

TRANSFORMERS 

Breaker Indicator Light Transformers. 
Pri: 230 volts, 50/60 cycles; 
Sec: 5 volts, ~5% -1%, 0.5 amps. 
Not used. 
Transmitter "ONn Light Transformer. Same as 
5Tl. 

M-7477745 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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5T7 

5T8 
5T9 
5Tl0 
5Tll 
5Tl2 
5Tl5 
5Tl4 
5Tl5 

DESCRIPTION 

TRANSFORMERS CONTINUED 

Transmitter 110FF11 Li ght Transformer. Sa.me as 
STl. 
Air I nterlock Li ght Transformer. Same as 5Tl. 
Modulator Door Li ght Transformer. Same as 5Tl. 
Exciter Door Light Transformer. Same as STl. 
PA Door Li ght Transformer . Same as 5Tl. 
Rectifier Door Li ght Transformer . Same as STl. 
External Door Li ght Transfor mer. Same as STl. 
Bias "OFF" Light Tr ansformer. Same as 5Tl. 
PA Filament 110FF11 Light Transformer. Same as 
5Tl. 
Modulator Fi lament "OFF" Light Transformer. 
Same as 5Tl. 

G-E DRAWING 

5Tl6 

5Tl7 

5Tl8 

Int. Plate "0N11 Light Transformer. Pri: 230 M-7477744 
vol ts, 50/60 cycles. Sec: 5 vol ts, 1 amp. 
Int. Plate 110FF11 Li ght Transformer . Same as 
5Tl7. 

5Tl9 Int. Rectifier Lockout Light Transformer. 
Same as 5Tl. 

5T20 Int. Rectifier Lockout Switch Light Trans­
former. Same as 5Tl. 

5T21 HV Plate "ON" Li ght Tr ansformer. Same as 
5Tl7. 

5T22 HV Plate "OFF" Light Tr ansformer. Same as 
5Tl7. 

5T25 HV Rectifier Lock- out Light Transformer • 
Sa.me as 5Tl . 

5T24 HV Rectifier Lock-Out Switch Light Trans­
former. Same as 5Tl. 

5T25 Contr ol Voltage Transformer. Pri: 250 volts 
50/60 cycles; Sec : 220/185/70 volts, 11. 7 

5T26 
and 
5T27 
5T28 

5T29 

5T50 
5T51 
and 
5T52 
5T55 
and 
5T34 
5T35 
and 
ST:36 

amps. 
Second I PA Overload Light Transformer. Same 
as 5Tl. 

3rd IPA overload Light Transformer. Same as 
5Tl. 
5rd A-F Overload Li ght Transformer. Same as 
5Tl. 
Carrier Trip Light Transformer. Same as 5Tl. 
PA Over load Light Transformer. Same as 5Tl. 

Modulator overload Light Transfor mers. Same 
as 5Tl. 

HV Rectifier Overload Light Tr ansformers. 
Same as 5Tl . 

M-7477746 

*Thi s item or equivalent can often be obtained f r om a local r adio 
dealer. 
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SYMBOL 

5T37 
5T38 
5T39 

5T40 

5T41 

DESCRIPTION 

TRANSFORMERS CONTINUED 

Overload Reset Light Transformer. Same as 5Tl. 
3rd AF Overload Light Transformer. Same as STl. 

G-E DRAWING 

Supply Transformer for 5Al. Pris 230 volts, M-7478471 
50 cycles; Sec: 115 volts, o.s kva. G-E Cat. 
#61Gl06. 
Potential Transformer for SAl. Pri: 240 volts,M-7478470 
60 cycles; Sec: 120 volt s, 0.20 kva. G-E Cat. 
#86X772. 
Emergency Start Push Button Light Transformer. 
Same as STl. 

VOLTAGE REGULATORS 

SVRl Filament Regulator. 230 volts, 50/60 cycles, M-7478876 
136 amp. load; provides voltage regulation 

511 

5X2 

5X3 
5%4 
SIS 
thru 
5129 
5X30 
and 
5X31 

6Bl 

of 1~ rise or 10% lower; consists of 3 single 
phase units mounted on common base. Includes, 
vertically mounted ball bearing capacitor type 
motor, single phase, 120 volts 50/60 cycles, 
double worm gear reduction unit and limit 
switch G-E Type #AIRT. 

SOCKETS 

Dial light, translucent dark red cap. Dial 
Light Co. Cat. #95410-192D. 
Dial Light, light green cap. Dial Light 
Co. Cat. #95410-192L. 
Sa.me as SXl. 
Same as 5X2. 
Dial Light, white translucent cap. Dial 
Light Co. Cat. #95410-198 

Lampholder Socket. 600 volts, 660 watts. 
G-E Cat. #001. 

EXTERNAL EQUIPMENT 

BLOWER MOTOR 

K-7117809-PS 

K-7117809-P4 

K-7117809-Pl 

K-7119168-Pl 

Main Blower and Motor. Blower: rating P-7770293 
12,000 CFII at 2" water static pressure. 605 
rpm 70°F. at sea level. American Sirocco 
HS fan, Series 81, size 397, single inlet, 
single width, arrangement 3, class 1 cw 
rotation, up blast discharge. Motor: 7 1/2 hp 
440/220 volts, 3 phase, 50/60 cycles, 1450/ 
1735 rpm; G-E Type K, frame 284, triclad, 
open type normal starting torque. 

*This item or equivalent can often be obtained from a local radio 
dealer. 
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SYMBOL 

6Fl 
and 
6F2 

6Kl 

6Ll 

6L2 

6S1 

6S2 

6S5 

6S4 

655 

6S6 

6n 
thru 
6T5 
6T4 

6T7 
thru 
6T9 
6Tl0 

T 

DESCRIPTION 

FUSES 

Fuse, 25 amp, 600 volts, G-E Type #5208. 

RELAYS 

Main Blower Starter. 250 volts, 60 cycles, 
5 poles, 1 NO. interlock. (External coil 
supplied for ' 50 cycles) 

INDUCTORS 

Modulation Reactor. Inductance 25 henries 
at 6.5 amps. d-a; resistance 25 ohms max. 
Filter Reactor. Inductance 1 henry min. at 
12. 5 amps. d- c; resistance 5 ohms . max. 

SWITCHES 

G-E DRAWING 

K- 7119745- P6 

M- 7478861 

M- 7477981 

M- 7477980 

Main Circuit Breaker. 5 pole, 220 volts, SO/ M- 7478786-P2 
60 cycles, 125 amps, inverse time adjustment 
125 to 250 amps. G- E Type AE-1- 15. 
HV Rectifier Circuit Breaker. 3 pole, 220 -M-7478786-Pl 
volts, 50/60 cycles, 225 amps, inverse time 
adjustment 225 to 450 amps. G-E Type AE-1- 15 • 
Air Interlock. Drying System Inc. Standard P- 7770288-Pl 
Pressure Type. 
Safety Switch, enclosed, 50 amps, 2 pole, P-7770225- Pl 
575 volts a- c , 7 1/2 hp. Trumball Elec. Co. 
Cat. #66261. 
Door Interlock. Single Circuit normally ML-7460550~4 
open, 10 amps, 25 volts. 
Door Interlock. Single circuit, normally K- 7116627-Pl 
closed momentary contact, 5 amps, 250 volts. 
Arrow- Hart and Hegeman Cat. #5592-E with 
over travel plunger. 

!RANSFORMERS 

Auto Transformer • 
Pri: 266 volts, 50/60 cycles ; 
Sec: 155 volts, 0.25 kva. 
Breaker Control Transformer. Pri: 250/460 
volts, 50 cycles; Sec: 250/115 volts, 5.0 
kva. G-E Cat. #61Gl52. 
HV Plate Transformer 
Pri : 460 volts, 50/60 cycles; 
Sec: 8100 volts i2 1/2% and iS%, 50 kva. 
Modulation Transformer. 50/10, 000 cycles, 
51.5 kw. Pri: 5470/5470 volts RMS; Sec : 7425 
vol ts RMS. 

M-7478468 

14-7478475 

M-7478467 

M- 7477982 

*This item or equivalent can often be obtained f r om a local radi o 
dealer. 
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SYl1BOL DESCRIPTION 

VOLTAGE REGULATOR 

G-E DRAWING 

6VR1 Plate Regulator. 460 volts, il0%, 50/60 cycles,M-7478780 
15 kva, 5 phaseb 188 amps, ambient temperature 
low o0 c high 55 C; pyranol immersed, self 

6CR1 
thru 
6CR14 

cooled, manually controlled, motor operated. 
For indoor and outdoor service. G-E Type #IRT. 

EXTERNAL POWER CUBICLE 

RECTIFIERS 

Copper Oxide Rectifiers. G-E Cat. #6RC5B259 
vvv. 

JACK AND RECEPTACLE 

M-7479227-Pl 

*6Jl Convenience Outlet with K-7101594 Outlet Box. K-7888177-~l 
Twin. G-E Cat. #2679 except black. 

6K2 

6K5 

6K4 
thru 
6K6 

6K7 

6K8 

6Rl 
thru 
6R5 

6R4 
and 
6R5 
6R6 
thru 
6R8 

RELAYS 

IN Rectifier Start Contactor. Rating 500 amps; P-7770250-P5 .,. 
3 NO. contacts, 1 NC interlock and 1 NO. time 
delay interlock. G-E Cat. #CR2810-1527A5 with 
blov,out coils. 
IN Rectifier Run Contactor. Same as 6K2 less P-7770250-P4 
NO. time delay interlock. 
IN Transformer Tap Change Contactors. Rating P-7770251-P5 
188 amps at 460 volts a- c, 5 poles with auxi-
liary interlock, 1 NO. and 1 NC contact. G-E 

Type CR-2810-1505M6 (quick drop out) Cat. 
#8256581-M. 
Auxiliary Relay for 6K2. 250 volt, 50/60 cycle P- 7770250-P5 

coil; 2 NO. and 1 NC contacts. G-E Type 
#12HGll4V2. 
A. wdliary Relay for 6K5. Same as 6K7. 

RESISTORS 

Step Start Resistors. Resistor assembly K-7117981-Pl 
consisting of 2 type CR-9055-C-0.8D and 1 
type CR-9055-C-0.8 5/4 resistors mounted in 
frame. (5 resistors, 0. 8 ohms each, 1 tapped) 
Protective Shunts. Wirewound, 5 ohms ,65%, M-7464826-PS 
115 watts. 

Holding Resistors. Wirewound, 500 ohms, 122 
watts . G-E Cat. #CR9006, QFK2675251. 

*This item or equivalent can often be obtained from a local radio 

dealer. 
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6T5 
and 
6T6 

~02 
thru 
704 
705 

..,,06 

~07 
and 
7C8 

~Jl 
and 
7J2 

7Kl 

7Ll 
7L2 
71,J 

tvTPl 
and 
7P2 

W7R1 

7R2 

DF.SCRIPTION 

TRANSFORMERS 

Tripping Transformers 
Pri: 200 amps; 
Sec : 5 amps. G-E model #9JY285FAW2. 

MONITOR RECTIFIER 

CAPACITORS 

Tuning Capacitor. Variable, lJ-98 mmfd. 
Hammarlund Cat. #HFB-100-E • 
Tuning Capacitors. 
Mica, 68 mmfd. i,1<:11,, 2500 vdcw. 

Not used. 
RF Bypass Capacitor. Mica, 680 mmfd. z!10%, 
500 vdcw. 
DC Blocking Capacitors, Pyranol, 4 mfd. 
i,10%, 100 vdcw. G-E Cat. #2JF582. 

JACKS AND RECEPl'ACLF.S 

Type UG-lOJ/U. Twin Connector Receptacle. 

RELAYS 
Relay, resistance 6500 ohms r).CYI,, pull in 
less than 5.5 ma, 2 form C contacts. 

Tuning Inductor 
Series Antenna Coil 
Secondary Pick-up Coil 

INDUCTORS 

PLUGS 

RG-22U Cable Plug. Twin connector plug. 
Type UG-102/u • 

RESISTORS 

Audio Load Resistor. Wirewound, 620 ohms 
i,5%, 2 watt. 
Not used. 

G-E DRAWING 

M-7477748-n 

P-JR2J-Pl5 

P-JRJ1-P2 

P-JR28-n 

P-7768999-PJJ 

K-7113240-Pl 

P-7770602-PS 

ML-7469415-Gl 
K-71209J4-L2 
T-7665580-LJ 

K-7113239-Pl 

P-JR21-Pll5 

-IIThis item or equivalent can often be obtained from a local radio 
dealer • 
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*7R3 

*7R4 

*7R5 

*7R6 
*7R7 

*7R8 

DF.sCRIPTION 

RESISTORS CONTINYm 

G-E DRAWING 

Meter Shun~ Resistor. Rheostat, power , wire- M-2R3B-PB5 
wo\ll'ld; 100 ohms tlCJI,, 25 watts; linear taper, 
screw driven controlo Ohmite Model /IH, Cat. 
#0151. 
Meter Series Resistor. WirewoW'ld, 22 ohms P-BR19-P20 
-/:.lCJI,, 1 watt. 
Relay Shunt Resistor. Wirewound, 5000 ohms M-2Rl4-PlB8 
-/:.5%, 25 watts. Ward Leonard Cat. #K41383-3. 
Diode Load Resistor. Same as 7R5. 
Relay Shunt Resistor. Rheostat, power, wire- M- 2R34-P50 
wound; 10,000 ohms po%, 50 watts, linear 
taper, screw driver control. Ohmite Model #J, 
Cat. /I0332. 
Diode Load Resistor. Same as 7R5. M-2Rl4-P138 

TRANSFORMERS 

7Tl Filament Transformer. Primarys 115/208/230 M-7479903-Pl 
volts, 50/60 cycles; Secondary: 6.3/3.15 volts, 
0.7 amps. 

7T2 Audio Output Transformero Primary: 600/150 ~ M-7478411-Pl 
ohms. Secondary: 600/150 ohms. or 

*7Vl Diode Rectifier. Type GE-6X5GT. 

!UBE SOCKET 

*7Xl G-E 6X5GT Socket. Octal. American Phenolic 
Corp. Type #4SS8. 

M-7488409-Pl 

K-1Rl3-P47 

*This item or equivalent can often be obtained from a local radio 
dealer • 
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TABLE I 

FIXED TANK CAPACITORS 

• SYMBOL 
FREQUE NCY (Fl I N KC 

540 -680 681-840 84 1 • 1000 1001-1150 1151 • 1300 1301 • 1♦ 50 1451-1600 

2~ I: PA PLATE TANK 

IC28 
K- 7897602P., K-78llfb02P3 11-,119,ov<:P.3 ll\•ro1'r6v,,..., K-r01'f<>V<:f'.3 ll\·t01't<:>V2P3 K-101' lt>V<'. P3 

1.0001) (.0001) ( .0001 l (.0001) ( .0001) (.000 I) ( .0001) 

IC29 : t 
K-, o9 f6,v,,..., ll\·ro1'rov.::P.3 

1.0001) l.0001) 

IC30 
K-7897602P3 K- 7897602 P3 

( .0001) ( .0001) OMIT OMIT 

K- 7897602P3 
IC 3 I (.0001) 0 MIT OMIT OMIT OMIT 

K-7897602P3 

• 
IC32 

( 0001 l OM IT OMIT OMIT OMIT OMIT 

K-7897602P3 
I C 3 3 

( ,0001 l 
OM IT 0 MIT OMIT OMIT OMIT 0 M I T 

3 RO I PA GRID TANK 

IC 3 5 M- 2R23P9 M- 2R23P9 M- 2R23 P9 M-2R23 PS M- 2R23 PS M- 2R23 P7 M- 2R23P7 
(.001) (.001) 1.00 I) (.00068) (.00068) (.00047 l ( 00047) 

IC 36 M-2R23 P9 M-2R23 P9 M-2R38 PS M-2R23P8 M-2 R23P7 M-2R23P7 M-2R23P7 
(.001) (.00 I) (.00068) (.00068 l (,000 47 l (.00047) ( ,00047) 

I \ 
3fill. IPA PLATE TANK 

SYMBOL 540-590 591-680 681-840 841-1000 1001 - 1150 1151-1300 1301-1450 1451-1600 

K·7897602 P3 K-7897602P3 K· 7897602 P3 K·7897602P' K ·7897602 P~ K·7897602,P3 K·7897602~ K·7897602 P3 
IC50 

(.0001) (.0001) (.0001) (,0001 (.0001) (.0001) (.0001) (.000ll 

• IC51 

IC52 

IC53 

IC54 

IC55 
K- 7897602P, 

1,000ll 

IC56 K·7897602P3 ~7897602P3 
_(.0001) (.0001) OMIT 

IC57 
K· 7897602 P3 l(-7897602P~ 

OMIT &MIT (.00011' (,0001) OMIT 

IC58 K-7897602 P3 
OMIT OMIT OMIT OMIT OMIT (.0001) 

IC59 K·7897602P3 OMIT OMIT OMIT OMIT OMIT OMIT (.0001) 

• ICBB OMIT OMIT OMIT OMIT OMIT OMIT OMIT 

IC89 OMIT OMIT OMIT OMIT OMIT OMIT OMIT 

IC90 OMIT OMIT OMIT OMIT OMtT OMIT OMIT 

IC9I K·7897602P, OMIT OMIT OMIT OMIT OMIT OMIT OMIT 1.0001) 

PA GRID TA~K 

2C3\ 
M·2R48Pl4 M· 7 4 79203PI M • 7479203PI· M·7479203PI M·7479203PI M· 2R48Pl2 M· 2R48PII M·2R48PIO 

( .0021 (.0016) (.00161 (,00161 (,0016) (.0012) (.0011 (.00081) 

M·2R48P14 M- 7479203PI M·7479203PI M· 7479203PI M-2R48Pl2 M· 2R48Pl2 M-2R48 Pl I M·2R48PIO 
2C32 (.0021 (.0016) (.0016) (,0016) (.0012) (.0012) (.001) (.0008) 

• 2C33 M·2R48Pl4 M·2R48Pl4 M·7479203PI M· 2R48Pl2 M-2R48Pl2 M·2R48P12 M· 2R48PI M·2R48PIO 
(.0021 (.002) (.0016) (.0012) (,00121 (.0012) (.0011 (.0008) 

NOTE: ALL CAPACITOR VALUES IN MFD. 

TABLE 2 

LOAD MATCHING CAPACITORS 

SYM 80 L 
FREQUENCY fF) IN KC 

540- 630 631-730 731-810 811-920 92 1-1070 1071 -1280 1281-1600 

FOR 70 OHM TRANS MISSION LINE IMPEDANCE 

P-7767477P25 P-7767477P25 P-7767477P2I P-7767477P21 "-7767477P2I P-7767477 P2 I P-7767477P21 
2C l8 (.000151 1.00015) C.000I l C.0001) (.0001) ( ,0001) ( .0001) 

2C 19 

2C 20 

p. 7767477P21 
2C2I (.0001) 

P -776 74 7 7P'l5 
2C22 ( .ooo 15) 

2C23 

2C24 

2C25 
P-7767477 P21 

(.0001 l • 
P-7767477P25 P-7767477P21 

2C2 6 ( .00015) (..0001 l 

2C27 OMIT 

P-7767477P2I 
2 C28 • (.OOOI) OMIT 

P-7767477P25 P-7767477P25 fl 77674 77 P25 fl 7767477P25 P-7767477P21 
2C 29 (.0001 5) ( .00015) ( .OOOl 5) ( .000~) (.0001) OMIT OMIT 

FOR 230 OHM TRANSMISSION LINE IMPEDANCE 
p. 77674 77P2 I P-7767477P2I P-7767477P2I P-776~77P21 P-7767477P2I P-7767477P21 P-7 76'1'477P21 . 

2CI 8 (.000 I) ( .0001 l ( .0001) ( .00.01 l (.000 I l ( -0001) (.0001) 

2CI 9 I 

2C 20 

2C21 

2C22 
P-7767477P21 

(.0001) 
P-7 7674 77P2 I 

2C23 (.0001) OMIT 

2C24 
P-7767477P21 

(.000 I) 
OMIT OMIT 

2C 25 
P-7767477P21 

OM IT ( .00011 0 MJ T OMIT 

P. 776 7477P21 
2C2 6 

(.000 I) OMIT OMIT 0 MIT OMIT 

2C27 
P. 776~77P21 

OMIT OMIT 0 MIT OMIT ( .0001) OMIT 

2C2 8 
fl-7767477P21 

OMIT OMIT 0 MIT OMIT OMIT (.0001) OM"IT 

2C29 OM I T OMIT OMIT OMIT OM IT OMIT OMIT 

FOR OTHER TRANSMISSION LINE IMPEDANCES CONSULT ENG'G. DEp'T 

Fig. 38 Load and Frequency Application Drawing (T-7665084, Rev. 4) 

TABLE 3 

2 ND HARMONIC FILTER CAPACITOR * 
SYMBOL 540- 700 

FREQUENCY (F) IN KC 

701 - 950 951 -1100 1101-1 300 1301-1600 

FOR 70 OHM TRANSMISSION LINE IMPEDANCE 

2C30 
M- 2R48Pl4 M-2R48 P13 M- 2R48 P12 M . 2R48PI I M- 2 R48 PIO 

( .002) (.0015) (.0012) 1.001) 1.0008) 

FOR 230 OHM TRANSMISSION LINE IMPEDANCE 
M -2R 48Pl2 M-2 R48Prl M,2R48PIO M-2R48P9 M-2R48P8 

2C30 ( .0012 l (.00 1 l (.0008) (.0006) 1.0005) 

IFOR OTHER TRANSMISSION LINE IMPEDANCES CONSULT ENG OE T. 

TABLE 4 
COILS 

S YMBOl. 
FREQUENCY (F) IN KC 

540 • 1080 

2 L2 

SYMBOL 

2 LIO 

ML• 776879 7 GI OMIT NEUTRALIZING 
COIL 

1--.~.~o-:---6~7~5--~F_R_E_6Q_7U_ E~N_C~Y---'(_F~)~l~N-'-Ko~c------lFUNCTION 
., 6 - 1000 10 I • 1600 

A 
ML-7768'9IGI ML-776879301 ML-776879561 PLATE 

"CHOKE 

TABLE !5 

REMOTE ANTENNA AMMETER ( 2 M 4) 
SCALE F'ULL - SCALE CURRENT DRAWING NUMBER 

0-5 AMPS. RF IOMA DC K-7115711 -1 4 

0-8 J5 

0-10 16 

0-15 17 
0-50. AMP . RF. IOMA OC K-7115711-18 

PROCEDURE 
I. CUSTOMER INFORMATION REQUIRED 

A, OPERATING- FREQUEN CY (Fl I N KC. 
8, TRANSMISSION LI NE IMPEDANCE IN OHMS . 

2. SELECTION OF FIXED TANK CAPACITORS. 
A. USE TABLE I 

3. SELECTION OF LOAD MATCHING CAPACJIORS. 
A. USE TABLE 2 FOR 70 OR 230 OHM TRANSMISSION LINE IMPEDANCES. 
8 . FOR ALL OTHER TRANSMISSION LINE IMPEDANCES CONSULT ENG'G. DEPT. 

4 . SELECTION OF 2ND HARMON IC FILTER CAPACITOR. 
A. USE TABLE 3 FOR 70 OR 230 OHM TRANSMISSION LINE IMPEDANCES. 
8. FOR ALL OTHER TRANSMISSION LINE IMPEDANCES CONSULT ENG'G. DEP'f. 

5- SELECTION OF COi LS 

A. USE TABLE 4 

6 , REFERENCE TO ENG' G. OEP'T. REQUIRED. 
A. FOR SELECTION OF LOAD MATCHING CAPACITORS OF TABLE 2 ANO 

FILTER CAPAC !TORS OF TABLE 3 WHEN CUSTCHER TRANSMISSION 
LINE IMPEDANCE IS OTHER THAN THE TABULATED 70 OR 230 OHMS-

7. IN TABLE 5 
THE SELECTION OF THE AMMETER WITH ITS PROPER SCALE 
DEPENDS ON THE ANTENNA RESISTANCE ANO POWER. 
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TUBE BULLETINS: 

Reference 

ETX-150 
ETX-158 
ETX-162A 
ETX-165 
ETX-172 
ETX-175 
ETX-189A 
ETX-202 
ETX-217 

COMMERCIAL BULLETINS: 

Reference 

GEH-10J9B 
GEH-10208 
GEH-85E 
GEH-9548 
GEH-985G 
GEH-1016C 
GEH-1141.A 
GEI-155931 

GEI-10904! 
GEH-75cr 
GEJ-1660 
GEI-10982B 
GEH-1085B · 
GEI-21709 

GEJ-831 
GEH-109JA 
GEI-183700 
GEH-23011 
GEH-79011 

ADDITIONAL ITEMS: 

Reference 

EBR-95 
GET-1125 

SECTION XVII 

-COMMERCIAL BULLETINS-

Type and Title 

GL-810 
GL-828 
GL-833-A 
GL-837 
GL-857-B 
GL-866-A/866 
GL-895-R 
GL-8008 
GL-5C24 

Description and Rating 
Description and Rating 
Description and Rating 
Description and Rating 
Description and Rating 
Description and Rating 
Description and Rating 
Description and Rating 
Description and I.ts.ting 

Title 

CR2810 A-C Low-Voltage Contactors with D-C Magnet 
CR2953-7 Definite Time Interlock 
CR2820-1054 Time Relay 
Plunger Relays-Types PAA, PAC, PAV, PBA, PBC and PCV 
A-C Motor-Operated Definite-Time Relay (CR2820-1099) 
Time Delay Relay - CR2820-17JlA and 1731B 
CR2820-1729 Definite-Time Relay 
Instantaneous Auxiliary Relays - Types HMAllA, HMAll.B, 
HMA12A, HIIA12B, HMA13A, HMA.l.JB and HMA15A 
A-C and D-C Auxiliary Relays and A-C Current Relays 
General Instructions for Magnetic Controller 
A-C Magnetic Switch - CR28ll-C24B 
Air Circuit Breaker - Type AE-1-15 
Type Airs Induction-Voltage Regulator 
Instructions for Installing and Operating Small KVA 
Size Liquid-Filled Triplex Induction Voltage Regulators 
50 KVA Pyranol Transformer 
Pyranol Transformers and Reactors 
Pressure Relief Device for Power Transformers 
Instrument Transformers - Dry Type 
Horizontal, Polyphase Induction Motors 

Title 

Protecting Against Carrier Failure 
How to llaintain Electric &}uipment 

(one per customer) 

-132-
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GL-837 
DESCRIPTION 
AND RATING 

ETX-165 

PAGE I 
S-~6 

PENTODE 
DESCRIPTION 

T he GL-837 is a pentode transmitting tube for 
use as a radio-frequency amplifier, frequency-mul­
tiplier, oscillator, and suppressor-, grid-, or plate­
modulated amplifier. T he plate connection is 
brought out through a separate seal at the top of 
the b ulb to maintain low grid-plate capacitance. 

Neutralization is generally unnecessary in adequate­
ly shielded circuits. T he suppressor and the special 
internal shield are connected to individual base 
pins. T he 837 may be operated at maximum ratings 
at frequencies as high as 20 megacycles. T he maxi­
mum plate dissipation is 12 watts. 

TECHNICAL INFORMATION 
These dolo ore for reference only. For design informat ion refer lo sptcilicolions . 

GENERAL CHARA CTERISTICS 
Number of electrodes . . ..... . .... ... ............. . . .......... . S 

Electrica l 
Ca thode-Heater t yp e 

H eater volta ge, a-c or d-c ...................... . .......... 12.6 volts 
H eater current . ... . ... . .. . ....................... ...... .. . O. 7 a mpere 

Transconduct ance, for plate current of 24 ma ... .. .......... .. 3400 micro mhos 
Direct interelectrode capacita nces 

Grid-plate, with external shielding ......................... 0.20 micro microfa rad 
I nput ........ . . . ..... . .. . .. . .......... ... . ........ .. ..... 16 microm icrofarads 
Output ........ . ...... . ......... . . • ... . .. • .... . .......... 10 micromicrofarads 

Frequency for maximum r atin&;s .. . .... . . . ......... . ..... .... . . 20 megacycles 

GENERA.Lfj ELECTBIC 

wigfi
Stolen 2 Line Transparent
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GL-837 
ETX- 165 
PAGE 2 
S-~6 TECHNICAL INFORMATION (CONT'D) 

M•chani<al 
Cap ......... • ......................................... . • . . .............. small metal 
Base . . . .......... . ... . ................................. . . . ..... medium 7-pin bayonet 
N et weight, approximate ... . ........................... . .... . ................... ." ... 5 ounces 
Shipping weight . . .......................... . ............................... .... .... 3 pounds 
Mounting position .......... . ... . ....... . ......................... vertical or horizontal 

MAXIMUM RA TINGS AND TYPICAL OPERA TING CONDITIONS 
Typical 

Oparatlan 

AS RADIO-FREQUENCY POWER AMPLIFIER PENTODE-CLASS B TELEPHONY 
Carrier conditions per tube for use with a maximum modulo lion fodor of I. 0 

D -c plate voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 
D -c suppressor voltage, Grid N o. 3 . . . . . . . . . . . . . . . . . . . . . . 0 
D -c screen voltage, G rid N o. 2 .. . . . . . . . . . . . . . . . . . . . . . . . . 200 
D -c grid voltage, Grid No. 1........ . ................... - 25 
D -c plate current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

500 
0 

200 
- 25 

30 

500 
40 

200 
- 25 

30 
D -c screen current.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 15 12 
D -c grid current, approximate.... . . . . . . . . . . . . . . . . . . . . . . . l O 0 
P eak r-f grid voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 25 24 

Maximum 
Ratln91 

500 volts 
200 volts 
200 volts 

volts 
40 milliamperes 

milliamperes 
milliamperes 
volts 

Internal shield ....... . ... . .............. . ................ connected to cathode at socket 
Plate input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 watts 

watts Suppressor input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Screen input ............ . ......................... . .......................... . 
Plate dissipation ..... . .............. . .... . ................. . . . ............... . 
Driving power, approximate• . . . . . . . . . . . . . . . . . . . • . . . . . . . 0.4 0.2 0.1 
P ower output, approximate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 5 5.5 

5 watts 
12 watts 

watt 
watts 

AS SUPPRESSOR-MODULATED RADIO -FREQUENCY POWER AMPLIFIER-CLASS C TELEPHONY 
Carrier conditions per lube for use with a maximum modulation factor of 1.0 

D -c plate voltage.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 500 
D -c suppressor voltage, Grid N o. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55 - 65 
D -c grid voltage•• ................. . ............... . . . . . . . . . . . . - 20 - 20 
D-c screen voltage, Grid N o. 2 ....... . .. . ......... . .......... . ........ . ........ . 
Peak r-f grid voltage.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 45 32 
P eak a-f suppressor voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 65 

500 volts 
volts 

- 200 volt s 
200 volts 

volt s 
volts 

I nternal sh ield .......................... . ................ connected to cathode at socket 
D -c plate current.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 30 40 milliamperes 

milliamperes 
8 milliamperes 

16 watts 

D -c screen current ....................... . ........... • ......... 37 23 
D -c grid current, approximate.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3.5 
P late input .................................................................. . 
Screen input .................. •.. ... . ............. . ........................... 
Plate dissipation ..... . ................... . . . ........ • ...................... . .. 
Screen resistor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6500 14000 
Grid resistor .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2500 5700 

8 watts 
12 watts 

oh ms 
ohms 

D riving power, approximate............... . . . .... . ............. 0.4 0. 1 watt 
Power output, approximate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 5 watts 

AS GRID-MODULATED RADIO-FREQUENCY POWER AMPLIFIER PENTODE-CLASS C TELEPHONY 
Carrier conditions per lube for use with a maximum modulation foclor of 1.0 

D -c plate voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 500 500 
D -c suppressor voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 40 
D -c screen voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 200 200 
D -c grid voltage••.. . ..... . . . .. . ........ . .......... . ... - 50 - 45 -43 
P eak r-f grid voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 48 44 
P eak a-f grid voltage.... . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 25 20 18 

500 volts 
200 vol t s 
200 volts 

- 200 volts 
volt s 
volts 

Internal shield ................ . ...... . ...... ... .......... connected to cath ode at socket 
D -c plate current.. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 35 30 30 40 milliamperes 

milliamperes 
milliampere 

D -c screen current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 7 6 
D -c grid current, approximate. . . . . . . . . . . . . . . . . . . . . . . . . . . l O 0 
Plate input .......................................... . ....................... . 
Suppressor input . .............. . . . ...................................... : .... . 
Screen input ........................................................... . ..... . 
Plate dissipation ......... . ..................................... . ..... . . . ..... . 
Driving power, approximate• . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 0.2 0.15 
P ower output, approximate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 5 5.5 

16 watts 
5 watts 
5 watts 

12 watts 
watt 
watt s 

• 

• 

• 

• 
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TECHNICAL INFORMATION (CONT'D) 

GL-837 
ETX- 165 

PAGE 3 
5-46 

AS PLATE-MODULATED RADIO-FREQUENCY POWER AMPLIFIER PENTODE-CLASS C TELEPHONY 

Carrier conditions per tube for use with a maximum modulation factor of 1.0 

D -c p late voltage.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 
D-c suppressor volt age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 40 
D -c screen voltage .. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 140 
D-c grid voltage•• ........ . .. . . • . ........ . ........ . , . . . . . . . . . . . . . . . . . . . -40 
P eak r-f grid voltage . . ........... . ....... . . ..... . . .. ..... . .. . .... , . . . . . 60 

400 volts 
200 v olts 
200 volts 

- 200 volts 
volts 

Internal shield . . . . ..... . . ....... . ... . . .. .. . ........ . . .... connected to cathode at socket 
D -c plate cu rrent .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 50 milliamperes 

milliamperes 
8 milliamperes 

D -c screen current ... . , ...... . .. , . ... . .. . .... . ..... , . ...... , . . . . . . . . . . . 20 
D -c grid current, approximate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Plate input . . ... . ... ... ........ . .... . ...... . ..... . ........ . . ..... . ........... . 
Suppressor input .... . .... . .................... . ................ . ............. . 
Screen input ... . ..... . .. ................... . . . ........ . . .. .......... . .... • . .. . 
P late dissipation ................. . . . ................. . .. . ... .. ...... . .. . ..... . 
Screen resistor #. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13000 
G rid resistor ... ... .. . . . .......... . .. . .. . ..... . . . .. . .... .. ............ . 
D riving power, approxi mate .... .. •.................... .. ...... . . ....... 
P ower output, approximate . ... ..... , . ......... . ...... .. . .. .... . , ...... . 

8000 
0.3 
11 

20 watts 
5 watts 
5 watts 
8 watts 

oh ms 
ohms 
watt 
watts 

AS PLATE-MODULATED RADIO-FREQUENCY POWER AMPLIFIER TETRODE-CLASS C TELEPHONY 
(Grids No. 2 a nd 3 connecte d tog ether) 

Carrier condition, per tube for use with a max imum modulation factor of 1.0 

D -c plate voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 
D -c screen voltage .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
D -c grid voltage•• . . . . ...................... . . . .... , . . . . . . . . . . . . . . . . . . . - 70 
P eak r-f grid voltage ..... . . . ...... . ......... • . • ..... . . , . . . . . . . . . . . . . . . . 100 

400 volts 
200 v olts 

- 200 v olts 
volts 

Internal shield ....... . ................. . .... . ......... .. . connect ed to cathode at socket 
D -c plat e current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 SO milliamperes 

milliamperes D -c screen current . . ... . ...... .. .... , . , ....... . ...... , , ....... , . . . . . . . . 30 
D -c g rid current, approximate .. ,, , . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 7 
P late input . .. . . ...... . ......... . ... . ...... , , . .... , , • . , , . , .. • • • • • • • • • • • • • • • • • • 
Screen input, Grids No. 2 and 3 ......................... . ....... . .............. . 
Pla te dissipation , ... , .... , , , .... . , . . . , . . ...... . .. . .... , .. ........... . ..... . .. . 
Screen resistor #I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10000 
Grid resistor . ............ . ................ . ... . .. . .... , . . . ....... . .. . , 10000 
D riving power, approximate .... . ...... . , . , ..... , . . . . ... , ..... , ..... , .. . 
Power ou t put, approximate . ......... . ......... . .... .. . . . . .... . .. . ..... . 

0.7 
11 

8 milliamperes 
20 

7.5 
watts 
watts 

8 watts 
oh ms 
ohms 
watt 
watts 

AS RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR PENTODE-CLASS C TELEGRAPHY 

Key-down conditions per tube without modulationf 

D -c pla t e volta ge .. . .... .. .................. • ...... . . • . 
D -c suppressor volta ge ..... ... .......... . . ...... . ..... . 

400 
0 

500 
0 

500 
40 

D -c scr een voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 200 200 
D -c grid v oltage••.......... . .......................... -40 - 85 - 75 
P eak r -f grid volta ge .. . .. .. ....... . ... . .... , .... . .. , . . . 70 120 100 

500 volts 
200 volts 
200 volt s 

- 200 volts 
volts 

I nternal shield ............. • . . ... ... ........ . . . .......... connect ed to cat hode a t socket 
D -c plate current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 60 60 80 milliamperes 
D -c screen current . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 30 15 
D -c grid current, approximate. . . . . . . . . . . . . . . . . . . . . . . . . . . 8 8 4 
P late input ..... . ........ . ..... . .. . ... . .... . ................... . ............. . 
Suppressor input ..... , , , , , , , ... , .. , .. , ....... . . ...... .. ....... . ...... . .... . . . . 
Screen input .. .. . ... .. .... . . ................................................. . 
Plate dissipation ... . ...... . .......... , ........ . . ..... , . .. . ........... .. ..... . . 
Screen resistor .. . ...... ... ..... . .. . ..... , .. . . , . . . . . . . . 6300 l 0000 20000 
Grid resisto r .. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 5000 10600 18700 
Driving power, a pproximate. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 0.8 0.4 
P ower output, approximate....... ....... . . ............. 16 20 22 

milliamperes 
8 milliamperes 

32 watts 
S watts 
8 watts 

12 watts 
ohms 
ohms 
watt 
watts 
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5-~6 TECHNICAL INFORMATION (CONT'D) 

AS RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR TETRODE-CLASS C TELEGRAPHY 
(Grids No. 2 and 3 connected together) 

D -c plate voltage . ............................. . .............. . 400 500 
D -c screen voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 80 
D -c grid voltage•• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 70 - 70 
P eak r-f grid voltage........... . . .. ......... . . . ...... . ......... 115 110 

500 volts 
200 volts 

- 200 volts 
volts 

Internal shield ......... . ..... . . . ......................... connected to cathod e at socket 
D -c plate current .... . ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 60 80 milliamperes 
D-c screen current........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 15 
D -c grid current, approximat e ... .. ............ .... . . .. . ......... 8 8 
Plate input ..................................... . ..... . ...................... . 
Screen input, Grids No. 2 and 3 .... . .. ...... . ........ . .................. . ...... . 
Plate d issipation .................... . .................. . .............. . . ... . 
Screen resist or . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11600 28000 
Grid resistor .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8700 8700 
Driving power, approximate.... . . . ............................. 0.75 0.7 
P ower output, approximate............. . . . . . . . . . . . . . . . . . . . . . . . . 18 20 

• At crest of audio-frequency cycle with modulation factor of 1.0. 

milliamperes 
8 milliamperes 

32 watts 
8 watts 

12 watts 
ohms 
ohms 
watt 
watts 

•• The total effective grid-circuit resistance should not exceed 25000 ohms. 
l Modulation, essentially negative, may b e used if the positive peak of the audio-frequency envelope does 

not exceed 115 per cent of the carrier conditions. 
#Connected to modulated plate-voltage supply. 

##Connected to unmodulated plate-voltage supply. 

APPLICATION NOTES 

T he maximum ratings apply only at frequencies 
below 20 megacycles. For operation at higher fre­
quencies, adequate ventilation and normal ambient 

temperatures must be maintained, and the plate 
voltage must be reduced as indicated. 

Frequency .. .......................................... . ....... . . 

P ercentage of maximum rated plate voltage and plate input 
Class B, Class C grid- or suppressor-modulated . .............. . . 
C lass C , plate-modulat ed ........................ . . ......... . 
Class C , telegraph y .................. . ...... . ............. . . 

20 

100 
100 
100 

40 

90 
76 
76 

60 

84 
62 
62 

megacycles 

per cent 
per cent 
p er cent 

• 

• 

• 

• 

• 
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GL-837 AVERAGE CHARACTERISTICS 
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GL-837 
OPERATION CHARACTER'5TICS 

CLASS I R-F AMPLIFIER 

£ •lt.6 YOL.TS 
0-C PLATE Vot.TS•f>OO 
I><: SCREEN VOLTS•200 
~ SUPPRESSOR 1101. TS • 0 
D-C GRID IIAS VOLTS• -H 
INTERNAi. SHIEl.0 COHIIECTED TO CATHODE 

NOTE: INSTANTANEOUS ""LUE$ IGNORE 
INSTANTANEOUS R·f COIIPONENTS 

\

j 
I 

M 

-25V, +C 
-B 

R·f DRIVER STAGE 

:... 
~ 

=-+-+-~V-,~--t---110~ ... 
I .. 

A f01--+--+--+-+lo'-+-+--+,,,'-f--t$ ~ 

ao 
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GL-837 

GL-837 GRID MODULATION CHARACTERISTICS 

(E1= 12.6 VOLTS, D-C PLATE VOLTS= 500, D-C SCREEN VOLTS= 200, D-C SUPPRESSOR VOLTS= 0) 

(D-C GRID BIAS VOL TS= - 45, PEAK R-F GRID VOL TS - 50, INTERNAL SHIELD CONNECTOR TO CATHODE) 
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DESCRIPTION 

AND RATING 

ETX-162A 
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TRIODE 
DESCRIPTION 

GL-833-A is a three-electrode transmitting tube 
of the high-mu type for use as a radio-frequency 
amplifier , oscillator, and Class B modulator. Be­
cause of its high perveance, the 833-A can be 
operated at high plate efficiency with low driving 
power. 

Designed in a new way with post terminals which 
provide a sturdy structure and make bases un­
necessary, the 833-A has a minimum amount of 
insula,tion within the tube. T he anode is supported 
directly from its post terminal at the top of the 

tube. Short, heavy-curren t leads are used to con­
n.ect the anode and the grid to their respective 
terminals in order to carry the high circulating r-f 
current at the high frequencies and to minimize 
internal lead inductance. 

As a result of its construction, the 833-A pro­
vides exceptional efficiency at high frequencies. It 
can be operated in Class C telegraph service with 
maximum input of 2000 watts at frequencies as 
high as 30 megacycles, and with reduced input at 
frequencies as high as 75 megacycles. 

TECHNICAL INFORMATION 
These data ore for re ference only, For design information refer lo speciRcolions. 

GENERAL CHARACTERISTICS 
Number of electrodes .. ................ .. .............. . .. . ... 3 

Electrical 

Cathode-Filamentary 
Filament voltage ......... . ...... . . . . . ............. . . , . ...... 10 volts 
Filament current ..... . .. . ................ . .................. 10 amperes 

GENERALfl ELECTBIC 
Sup•nod• • ETX,162 dotod 5-46 

wigfi
Stolen 2 Line Transparent
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.5.47 TECHNICAL INFORMATION (CONT'D) 

Average characteristics 
Amplication factor ...................................................... . ...... 35 
Direct interelectrode capacitances 

Grid-plate . .. ... . ............................... . . ... ...................... 6.3 micromi<'rofarads 
G rid-filament .... . ................ . ............ .. .. . . . .... . . . . . .......... . 12.3 micromicrofar a ds 
P late-filament .' .............................. , .......... . . . ...... . . . ....... 8.5 micromicrofarads 

Frequency for maximum ratings ..... •. ....... . . . .. . ............ . ................ 30 megacycles 

Mechanical 
Type of cooling ............. . ..... .. ...... .. ........ . ...... convection or forced air 
Maximum ambient t emperature, convection-cooled ................................ 60 centigrade 
Net weight, approximate ......................... . ... . .. . . . ..................... 1 pound 
Sh ipping weight, approximate ....... . ............................................ 3 poun ds 
Operating position ...... vertical with filament terminals up or down or horizontal with plate in a plane vertical 

MAXIMUM RA TINGS AND TYPICAL OPERA TING CONDITIONS 
CLASS 8 AUDIO-FREQUENCY POWER AMPLIFIER (TWO TUBES) 

Typical 
Operation 

CCS ICAS 
• • 

D-c plate voltage .. . . . . . . . . . . . . . . . . . . 3000 4000 4000 
Maximum signal plate current, per tubet .....•............. . .... . 
D-c maximum signal plate input, per tubet .......... . . . . . .... .... . 
Plate dissipationt ................................ , ............ . 
D -c grid voltaget:......... . ........... -70 - 100 - 100 
Peak a-f grid input voltage . . . . . . . . . . . . . 400 480 510 
Zero signal plate cu rrent . . . . . . . . . . . . . . . 100 100 100 
Maximum signal plate current . . . . . . . . . . 750 800 900 
M aximum signal driving power, approx-

imate ............................ . 
Effective load, plate to plate .......... . . 

20 
9500 

Maximum signal plate power output, ap­
proximate. . . . . . . . . . . . . . . . . . . . . . . . . 1650 

CLASS B RADIO-FREQUENCY POWER AMPLIFIER 
Carrier conditions ~r tube for use with o max modulation factor of 1.0 

D -c plate voltage.. . . . . . . . . . . . . . . . . . . . . 3000 
D-c grid voltaget. . . . . . . . . . . . . . . . . . . . . . - 70 

29 
12000 

2400 

• 
4000 

- 120 

38 
11000 

2700 

• 
4000 

- 120 
D -c plate current.. . . . . . . . . . . . . . . . . . . . . 150 150 150 
Plate input ........ . ................ . ..... . .................. . 
P late dissipation ............ . . ... .... . .................... . .. . 
P eak r-f grid input voltage . . . . . . . . . . . . . 90 120 130 
D riving power§ 6 , approximate . . . . . . . . . 10 14 21 
P late power output, approximate. . . . . . . . 150 225 250 
D -c grid current, approximate 6... . . ... . 2 2 3 

Maximum 
Ratings 

ccs ICAS 
• • 

3000 4000 4000 
500 500 500 

1125 1600 1800 
300 400 450 

• • 
3000 4000 4000 

300 300 300 
450 600 675 
300 400 450 

CLASS C RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR- PLATE-MODULATED 
Carrier condition, ~r tube for use with o max modulation factor of 1.0 

D -c plate voltage.. . . . . . . . . . . . . . . . . . . . . 2500 
D -c grid voltage,.- . . . . . . . •. . . . . . . . . . . . . - 300 

4000 

• 
3000 

- 300 
3600 

• 
4000 

- 325 
3600 

D -c plate current. . . . . . . . . . . . . . . . . . . . . . 335 415 450 
D -c grid current , approximate....... . ... 756 85 6 90 6 
Plate input ............ . .... ... . . ........................ . ... . 
Plate dissipation .. . . .. . . ... . ....... .................... ...... . 
D riving power 6 , approximate . . . . . . . . . . 30 37 42 
P late power output, approximate. . . . . . . . 635 1000 1500 
P eak r -f grid voltage.. . . . . . . . . . . . . . • . . . 460 490 520 

2500 
- 500 

400 
100 
835 
200 

• • 
3000 4000 

- 500 - 500 

450 450 
100 100 

1250 1800 
270 350 

volts 
milliamperes 
watts 
watts 
volts 
volts 
milliamperes 
milliamperes 

watts 
oh ms 

watts 

volts 
volts 
milliamperes 
watts 
watts 
volts 
watts 
watts 
milliamperes 

volts 
volts 
ohms 
milliamperes 
milliamperes 
watts 
watts 
watts 
watts 
volts 

• 

• 

• 
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GL-833-A 

MAXIMUM RA TINGS AND TYPICAL OPERA TING CONDITIONS (CONT'D) 

CLASS C RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR 
Key-down conditions per lube without modulation 0 Typical 

Operation 

ccs I C AS 
• • 

4000 4000 D -c plate voltage.. . . . . . . . . . . . . . . . . . . . . 3000 
D -c grid voltage# . . . . . . . . . . . . . . . . . . . . . . - 200 

3500 
425 

- 200 - 225 
2650 2400 
380 380 

Maximum 
Ratings 

ccs I CAS 
• • 

3000 4000 4000 
- 500 - 500 - 500 

volts 
volts 
oh ms 
oh ms 

D -c plate current .. . . . . . . . . . . . . . . . . . . . . 4 15 450 500 500 500 500 milliamperes 
D -c grid current, approximate........... 55 6 75 6 95 6 100 100 100 mittiamperes 
Plate input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1250 1800 2000 watts 
P late dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 400 450 watts 
P eak r-f grid input voltage, approximate.. 360 375 415 volts 
Driving power 6 , approximate . . . . . . . . . . 20 26 35 watts 
Plate power output, approximate. . . . . . . . 1000 1440 1600 watts 

• F orced-air cooling required at these conditions of operation. When forced-air cooling is required an a ir 
flow of 40 cfm from a two-inch diameter nozzle directed vertically downward on bulb between grid and plat e 
seals is required. Bulb temperature between grid and plate seals must not exceed 145 C. For conditions of 
operation where forced-air cooling is not required, adequate free circulation of air around the tube is neces­
sary for satisfactory operation. 

t Averaged over any audio-frequency cycle of sine-wave form. 
t For a -c filament supply. 
§ At crest of audio-frequency cycle. 
6 Subject to wide variations depending on the impedance of the load circuit. High-impedance toad circuits 

require more grid current and driving power to obtain t he desired output. Low-impedance circuits need less 
grid current and driving power, but plate circuit efficiency is sacrificed . The driving stage should be capable of 
delivering considerably more than the required driving power. 

,r Obtained by grid resistor of value shown or by partial self-bias methods. 
D Modulation, essentially negative, may be used if the positive peak of the audio-frequency envelope does 

not exceed 115 per cent of t he carrier conditions. 
#Obtained from fixed supply, by grid resistor (3500, 2650, 2400) , or by cathode resistor (425, 380, 380) . 

APPLICATION NOTES 
The GL-833-A can b e operated at frequencies as high 

as 30 megacycles. The tube may be operated at higher 
frequencies provided the maximum values of plate volt­
age and power input are reduced as the frequency is raised 
(other maximum ratings are t he same as shown above). 

The tabulation below shows the highest percentage of 
maximum plate voltage and power input that can be used 
up to 75 megacycles for the various classes of service. 
Special attention should be given to adequate vent ilation 
of t he bulb at these frequencies. 

Natural Cooling Forced-air Cooling 

Frequency . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . 30 50 7 5 20 50 7 5 megacycles 
Maximum permissible percentage of maximum rated plate voltage and plate input 

Class B , r-f...... . .................... 100 98 94 100 97 93 per cent 
Class C, plate-modulated. . . . . . . . . . . . . . . 100 90 72 100 83 65 per cent 
Class C, unmodulated .. . . . . . . . . . . . . . . . . 100 90 72 100 83 65 per cent 

ETX- 162A 
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H7 (SM) 
Filing No. 88,0 

1 '+ , . 
. 56 _. 0050=1 ---

5" 311 

8_+_ 
e- 1s 

GR ID 
TERMINA[ 

MIN. 

TERMINAL 

STRAIGHT ----------r--­
\SIDE 

.4375"± .005_"o,A. 

1" I" -+ 
8 -:1 

- - .375" ±.005° 

FILAMENT 
TERMINAL 

PLANE OF 
ELECTRODES 

19"MAX. 4!2 DIA~."'-----~ 

GL-833-A OUTLINE 
NOTE, THE HORIZONTAL ANGLE BETWEEN THE PLANE DETERMINED BY THE AXIS OF THE FILAMENT TERMINALS 
AND THE PLANE DETERMINED BY THE AXIS OF THE GRID AND ANODE CAPS IS NOT MORE THAN S DEGREES. 
K-6966950 9-23-H 
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AND RA TING 
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BEAM POWER TUBE 
DESCRIPTION 

The GL-828 is a beam power amplifier tube designed with very little driving power. Neutralization is 
particularly for use as a Class AB1 audio-frequency generally unnecessary in properly shielded circuits. 
amplifier. The high power sensitivity of the 828 This tube can be operated at maximum ratings at 
allows it to be used in radio-frequency services frequencies as high as 30 megacycles. 

TECHNICAL INFORMATION 
These doto ore for reference only. For design information refer lo specifications. 

GENERAL CHARACTERISTICS 
Number of electrodes .......................................... 5 

Electricol 

Cathode-Filamentary 
Filament voltage .... ........... .. .................. . . ..... 10 volts 
Filament current .. . ...................................... 3.25 amperes 

Grid-plate transconductance, for anode current of 43 ma ........ 4500 micrombos 
Direct interelectrode capacitances 

Grid-plate, with external shielding . ... . .... ................ 0.05 micromicrofarad 
Input ............... .. .. . .............. ..... ........... 13.S micromicrofarads 
Output ........... .. ........................... . ........ 14.5 micromicrofarads 

Mechonicol 

Base or t erminal description ............... . ........ medium 5-pin 
N et weight, approximate .. .. . ............................. . ... 3 ounces 
Shipping weight, approximate ..... .. ........................... 3 pounds 
Mounting position .. . ....................... vertical, base down-

horizontal, plane of electrodes vertical 

GENERALfjELECTRIC 

® 
~ 

wigfi
Stolen 2 Line Transparent
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MAXIMUM RA TINGS AND TYPICAL OPERA TING CONDITIONS 
Typical 

Operation 

CLASS AB, AUDIO-FREQUENCY POWER AMPLIFIER AND MODULATOR 

CCS ICAS 
D-c plate voltage ............................. . ....... . 
D-c suppressor voltage .. ..... .. ....................... . 

1700 
60 

2000 
60 

Maximum signal plate current• . . ............ . . . ........ . .............. . 
D-c maximum signal plate input• ....................................... . 
Screen input• ........................................................ . 
P late dissipation• ......... . ................. . . • ........................ 
D-c grid voltaget ............. .'. . . . . . . . . . . . . . . . . . . . . . . . - 120 - 120 
D-c screen voltagef. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750 750 
Peak a -f grid-to-grid voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240 240 
Zero signal plate current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SO SO 
Maximum signal plate current . . . . . . . . . . . . . . . . . . . . . . . . . . 248 270 
D -c suppressor current.. ................... . . . . . . . . . . . . 9 9 
Zero signal screen current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Maximum signal screen current . . . • . . . . . . . . . . . . . . . . . . . . . 43 
Load resistance, per p late. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4050 
Effective load, p late-to-plate. . . . . . . . . . . . . . . . . . . . . . . . . . . . 16200 
Maximum signal plate power output . ................... . 

2 
60 

4625 
18500 

385 

CLASS B RADIO-FREQUENCY POWER AMPLIFIER 

Carrier conditions per lube for use with o maximum modulation factor of 1.0 

• D -c plate voltage .. 1250 1500 . . . . . . . . . . ' ... . . . . . . . . . . . . . . . . . . . ... 
D-c grid voltaget .. . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 75 
D -c grid voltaget .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - so - 50 
D-c screen voltage .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 400 400 

D -c plate current .. . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . 84 80 
D-c suppressor current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 
D -c screen current. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . S S 
P late input .... . ................. . ........ . .......................... . 
Suppressor input ................. . . . ............................ ... .. . 
Screen input ............ . ........ . ...... . ....................... . .... . 
Plate dissipation .................... .. .. . .............. , ........... , .. 
Peak r-f grid-to-grid voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 2 SO 
Driving power, approximate§..... . .................. . .. 0.5 0.4 
Plate power output .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 4 1 

ccs 
1750 

100 
150 
225 

16 
70 

750 

1250 
100 

400 
100 

105 
s 

11 
70 

Maximum 
Ratings l:,. 

ICAS 
2000 

100 
150 
270 

23 
80 

750 

1500 
100 

400 
100 

volts 
volts 
milliamperes 
watts 
watts 
watts 
volts 
volts 
volts 
milliamperes 
milliamperes 
milliamperes 
milliamperes 
milliamperes 
ohms 
ohms 
watts 

volts 
volts 
volts 
volts 
milliamperes 
milliamperes 
milliamperes 

120 watts 
5 watts 

11 watts 
80 watts 

volts 
watt 
watts 

CLASS C RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR- GRID-MODULATED 

Carrier conditions per lube for use with o maximum modulation factor of 1.0 

D -c plate voltage.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1250 
D -c suppressor voltage ............... . . . ....... . . .. .. ~ . 7 S 
D-c grid voltage. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . - 1 SO 
D-c screen voltage.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 
D -c plate current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
D -c suppressor current ..... . ......... . ....... ,......... 4 
D-c grid current, approximate.. . . . . . . . . . . . . . . . . . . . . . . . . . 1.6 

1500 
75 

- 150 
400 
80 

3.5 
1.3 

D -c screen current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 4 
Plate input . . ................ . ....................................... . 
Suppressor input ........... . . • ..... . ...................... . . . ......... 
Screen input .......... . .......................... . ................... . 
Plate dissipation ..................................................... . 
Peak r-f grid-to-grid voltage, approximate . . . . . . . . . . . . . . . . 165 165 
Peak a-f grid voltage. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 94 
Driving power, approximate§ . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 2.5 
Plate power output .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 4 1 

1250 
100 

- 300 
400 
100 

105 
5 

11 
70 

1500 
100 

- 300 
400 
100 

volts 
volts 
volts 
volts 
milliamperes 
milliamperes 
milliamperes 
milliamperes 

120 watts 
S watts 

11 watts 
80 watts 

volts 
volts 
watts 
watts 

• 

• 

• 

• 
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GL-828 

TECHNICAL INFORMATION (CONT'D) 

CLASS C RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR-PLATE-MODULATED 
Carrier conditions per lube for use wilh a maximum modulation focfor of 1.0 

ccs 
D -c plate voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 
D -c suppressor voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
O-c grid voltage of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 140 

F rom a grid resistor of. ...... . .................. .... 14000 
O -c screen voltage.. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 400 

From a series resistor of♦ . . . . . . . . . . . . . . . . . . . . . . . . . . . 26000 
O -c plate current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 
D -c suppressor current . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 13 

Typical 
Operation 

ICAS 
1250 

75 
- 140 
11700 

400 
30000 

160 
15 

ccs 
1000 

100 
- 300 

400 

135 

O -c grid current, approximate.... . ........ . ............ . 10 12 15 
D -c screen current.. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 23 28 
Plate input . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 
Suppressor input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 
Screen input............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Plate dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Peak r-f grid-to-grid voltage, approximate . . . . . . • . . . . . . . . . 230 250 
Driving power, approximate ........................... . 
Plate power output ................................... . 

2. 1 
100 

CLASS C RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR 
Key-down conditions per tube without modulation..-

2.7 
150 

D -c plate voltage ... ............... . , . . . . . . . . . . . . . . . . . . 1250 1500 
D -c suppressor voltage ........ . .. . . . . . ................. 75 75 
O -c grid voltage ........ . ..... . . • ...... . . . ........ . ................... . 

F rom a fixed supply of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 95 - 100 
From a cath ode resistor of .... . . . .... ... .......... . .. 4 15 430 
From a grid resistor of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7900 8300 

D -c screen voltage ........... .. . .. .................... . 
D -c plate current ........... . . . . . . . . . . •. . . ............. 
D -c suppressor current . ......... . ...... . . ............. . 

400 
160 

22 

400 
180 

14 
D -c grid current, approximate.... . . . . . . . . . . . . . . . . . . . . . . . 12 12 
D -c screen current. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 35 28 
P late input . ... .................... . . • ...... • ......................... 
Suppressor input ...... . . •.................. • .... . . .. . . ..... . . . . . . . ... . 
P late dissipation ................... . . • ...... . .................. • ...... 
Screen input . ............................ . ........................... . 
P eak r-f grid-to-grid voltage, approximate . . . . . . . . . . . . . . . . 195 205 
Driving power, approximate . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.1 2.2 
P late power output . .. .. . .............................. 150 200 

• Averaged over any a-f cycle of sine-wave form. 

1250 
100 

- 300 

400 
160 

15 

200 
5 

70 
16 

Maximum 
Rotlngs 

I CAS 
1250 volts 

100 volts 
-300 volts 

oh ms 
400 volts 

oh ms 
160 milliamperes 

milliamperes 
15 milliamperes 

milliamperes 
200 watts 

5 watts 
11 watts 
70 watts 

volts 
watts 
watts 

1500 volts 
100 volts 

- 300 volts 
volts 
ohms 
ohms 

400 volts 
180 milliamperes 

milliamperes 
15 milliamperes 

milliamperes 
270 watts 

5 watts 
80 watts 
16 watts 

volts 
watts 
watts 

••Distortion only 1 per cent with 20 db of feedback to grid of driver. 
tGrid voltages are given with respect to t he midpoint of filament operated on a-c. If d-c is used, each 

stated value of grid voltage should b e d ecreased by one-half the filament voltage and the circuit returns made 
to the negative end of the filament . 

fZero-signal screen voltage must not exceed 775 volts. 
§At crest of audio-frequency cycle with modulation factor of 1.0. 
♦Connected to modulated plate voltage supply . 
..- Modulation, essentially negative, may be used if the positive peak of the audio-freq uency envelope does 

not exceed 115 per cent of t he carrier conditions. 

APPLICATION NOTES 
6 The GL-828 can be operated at frequencies as high 

as 30 megacycles. The tube may be operated at higher fre­
quencies provided t h e maximum values of plate voltage 
and power input are reduced as t he frequency is raised 
(other maximum ratings are t he same as shown above). 
The tabulation below shows the highest percentage of 

maximum plate voltage and power input that can be used 
up to 75 megacycles for the various classes of service. 
Special attention should be given to shielding, radio­
frequency by-passing, and adequate ventilation of t h e 
bulb at these frequencies. 

Frequency .............................. . .................... . 30 so 75 megacycles 
M aximum p er missible percentage of maximum rated plate voltage and plate input 

Class B , r-f. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 90 80 per cent 
Class C, grid-modulated. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 90 80 per cent 
Class C, plate-modulated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 80 65 per cent 
Class C, telegraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 80 65 per cent 

ETX-151 
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GL-5C24 
DESCRIPTION 

AND RATING 

ETX-217 

PAGE 1 
S-47 

TRIODE 
DESCRIPTION 

T he GL-SC24 is a three-electrode t u be designed 
for use as a Class A and Class AB1 amplifier. T h e 
anode is capable of dissipating 160 watts and cool-

ing is accomplished by radiation. The cathode is a 
t horiated-tungsten filament. 

TECHNICAL INFORMATION 
The,e doto ore for reference only. For design information refer lo specifications. 

GENERAL CHARACTERISTICS 
Electrical Min . 

Filament voltage ............ . .... . .......... 9.5 
F ilament current at bogey filament voltage ... . . 4.9 
Amplification factor . . . . . . . . . . . . . . .. . , .... . 7 .2 
Transconductance (I . = 160 ma) .. .. . . . . . ... , .. 
Interelectrode capacitance 

Grid-plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 .6 
Grid-cathode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.6 
Plate-cathode . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 2.5 

Mechanica l 

Bogey 

10 
5.2 

8 
5500 

8.8 
5.6 
3.3 

Max. 

10.5 volts 
5.6 amperes 
8.8 

micromhos 

10.0 micromicrofarads 
6.6 micromicrofarads 
4. 1 micromicrofarads 

M ounting position ..... . . .. . . . . .... , . . . . . . . . . . . . . . . . . . . . . . . . . . . Vertical, or horizontal 
with p lane of e lectrodes 
vertical 

M aximum glass temperature . .. . ....... . ..................... 275 centigrade 
N et weight, approximate . . ....... . . . ..... • . ....... . ........ . .. 14 ounces 

GENERALfl)ELECTRIC 

wigfi
Stolen 2 Line Transparent
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TECHNICAL INFORMATION (CONT'D) 

MAXIMUM RA TINGS AND TYPICAL OPERA TING CONDITIONS 

AUDIO-FREQUENCY POWER AMPLIFIER AND MODULATOR- CLASS A 

Maximum Ratings, Absolute ValuH 

D -c plate voltage... . . . . . . . . . . . . . . . . . . . . . . . ......... . 
Plate input . . . . . . . . . . . . . . . . 
P late dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . 

Typical Operation 

D -c plate voltage ............. ... . 
D -c grid voltage .. ... :.. . . . . . . . 
P eak a-f grid voltage. . . . . . . . . . . . . . ...... . 
D -c plate current .. .................... .. . .. ... . ..... . 
L oad resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Power output (5% second harmonic)... . . . . . . . . . . . 

ccs 

. .... ...... .. .......... 1750 volts 
250 watts 

. . . . . . ........ 160 watts 

. . . . . . . . . . . . • . . . ...... . . 1500 volts 

. . . . . • . .. ... ......... - 155 volts 
. . . . . . . ..... .. ........ 150 volts 

. . . . . . . . . . . . . . . . . . . . . . . . 107 milliamperes 

. .......•............... . 8200 ohms 
. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 55 watts 

AUDIO-FREQUENCY POWER AMPLIFIER AND MODULATOR- CLASS AB, 

Maximum Ratings, Absolute Ratings (per Tube) ccs 

D -c plat e voltage. . . .. . . . . . . . . . . . . . . .. . . . . . . . .. ....... 17 50 volts 
D -c grid voltage.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ -300 volts 
Maximum signal d-c plate current• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . 250 milliamperes 
M aximum signal plate input• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 watts 
Plate dissipation*.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 watts 

Typical Operation 

Unlen Otherwise Specified, VoluH Are for Two Tubes 

D -c plate voltage.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . ...... 1750 volts 
D-c grid voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . - 200 volts 
P eak a-f grid-to-grid voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390 volts 
Zero signal d-c plate current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 milliamperes 
M aximum signal d-c plate current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320 milliamperes 
Effective load resistance, plate-to-plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. .... 8000 ohms 
M aximum signal power output. .... . ............................................. .. 240 watts 

*Averaged over any audio-frequency cycle of sine-wave form. 

• 

• 

• 

• 

• 
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DESCRIPTION 
AND RATING 
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TRIODE 
DESCRIPTION 

The GL-810 is a high-mu tube with a typical 
power output of 475 watts (ICAS) for Class C 
telegraph service. Because of its high perveance the 
tube can be operated at high plate efficiency with 
low driving power and relatively low plate voltage. 
The heavy duty filament, shielded at each end, con-

serves input power by eliminating bulb bombard­
ment and stray electrons. The plate and grid leads 
are brought out to terminals at the top and side 
of the bulb, respectively- a design which provides 
very short internal leads, low internal lead induc­
tance, and permits compact high-frequency circuits. 

TECHNICAL INFORMATION 
These data ore for reference only. For design information refer to specifications. 

GENERAL CHARACTERISTICS 
Number of electrodes .......................................... 3 

EleclTlcal 

Cathode- Filamentary 
Filament voltage .... ........ . ... .... ........... .......... . 10 volts 
Filament current ..... .......... ... ....... .. ............. .. 4.5 amperes 

Average characteristics 
Amplification factor ......................... . ... . ... . .. ... 36 

Direct interelectrode capacitance 
Grid-plate .................................... ........... 4.8 micromicrofarads 
Grid-cathode .... ........ ....... . ................... ... ... 8. 7 micromicrofarads 
Plate-cathode ............................... . . . ... . . . ..... 12 micromicrofarads 

Frequency for maximum ratings ............................... 30 megacycles 

GENERAL fl ELECTRIC 

. . 

wigfi
Stolen 2 Line Transparent
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l'AGE 2 
5-46 TECHNICAL INFORMATION (CONT'D) 

Mechanical 

T ype of cooling ........... . .... . ................................ convection 
Maximum ambient temperature .......... •........... ..... ..... . ... ...... 60 centigrade 
Net weigh t, approximate ........... . ........ . ......................... ... 8 ounces 
Shipping weight, approximate . . . .......... ... . .. . . . .............. . ....... 1 pound 
M ounting position . .......... , ........... . .... .. ... ... , . . . . . . . . . . . . . . . . . . vertical, base down: 

horizontal- plane of 
electrodes vertical 

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS 

CLASS B AUDIO-FREQUENCY POWER AMPLIFIER (TWO TUBES) 
Typical 

Ope,atlon 

CCS ICAS 
D -c plate voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2000 2250 
M aximum signal plate current (p er tube)t ... , ........ . . . ................ . 
D -c maximum signal plate input (per tube)t ... . . . .......... , ......... • .. . . 
Plate dissipation (per tube)t ...... .. ......... ............. ............. . 
D -c grid voltage . . ................. . ....... . ... . . .... - 50 - 60 
Peak a -f grid input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . 345 380 
Zero signal plate current . .......... . ...... . . . . . . . .. . . 
Maximum signal plate current . ................ ... . .. . 
M aximum signal driving power, approximate . . . . . . . . . . 
Effective load (plate-to-plate) .... .. ................. . . 
Maximum signal plate power output ............ . ... .. . 

CLASS B RADIO -FREQUENCY POWER AMPLIFIER 

Carrier condition• per lube for u,e with a maximum modulation factor of 1.0 

D -c plate voltage ............................ . . 
D -c grid voltage . . . , ...... , , , ................. . 

1500 
- so 

60 
420 

10 
11 000 

590 

2000 
- 65 

70 
450 

13 
11600 

725 

2250 
- 70 

D -c plate current.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 93 100 
Plate input .......... .... . . ................ . . . ....................... . 
D -c grid current .... .. .. .. . •. ........ , . . . . . . . . . 2 2 2 
Plate dissipation .... . ...... .. ........ . .. ... ........... . ........... .. . . 
Peak r-f grid input voltage . . . . . . . . . . . . . . . . . . . . . 11 O 100 100 
Driving power, approximate . . . . . . . . . . . . . . . . . . . . 6 4 4 
Plate power output . . . . . . . . . . . . . . . . . . . . . . . . . . . • 60 60 7 5 

Maximum 
Ratings 

ccs ICAS 
2000 2250 volts 

250 250 milliamperes 
425 510 watts 
125 150 watts 

volts 
volts 
milliamperes 
milliamperes 
watts 
ohms 
watts 

2000 2250 volts 
volts 

185 185 milliamperes 
185 225 watts 

milliamperes 
125 150 watts 

volts 
watts 
watts 

CLASS C RADIO-FREQUENCY POW ER AMPLIFIER AND OSCILLATOR- PLATE-MODULATED 

Carrier condition, per tube for u,e with a maximum modulation Fodor of I .0 

D -c plate voltage.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1250 
D-c grid voltage§ ....... .. . . ................... - 200 

1600 
- 200 

1800 
- 200 

4000 4000 4000 
D -c plate current.. ........ . . . . . . . . . . . . . . . . . . . . 210 210 250 
D -c grid current, approximate. ... . . . . . . . . . . . . . . . 50 50 SO 
Plate input . ........................... ...... ........................ . 
Plate dissipation . ................... , ...... .. ........................ . 
Peak r-f grind input voltage, approximate . . . . . . . . 370 370 370 
Driving power, approximate. . . . . . . . . . . . . . . . . . . . 17 17 17 
Plate power output . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 250 335 

1600 
- 500 

210 
70 

335 
85 

1800 volts 
- 500 volts 

ohms 
250 milliamperes 

70 m illiamperes 
450 watts 
125 watts 

volts 
watts 
watts 

( .. 

• 

• 

• 

• 

• -

wigfi
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GL-810 

CLASS C RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR 

(Key-down conditions per lube without modulationJII 

ccs 
D -c plate voltage.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1500 
D -c grid voltage ,r. . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 120 

3000 
4 15 

2000 
- 160 
4000 

550 

Typical 
Operation 

ICAS 
2250 

- 160 
4000 

510 
D -c plate current.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 250 275 
D -c grid current... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 40 40 
Plate input ...... ............ . . . ...... . . . .... . ...... . ........... . .... . 
Plate dissipation ............................ . ........................ . 
P eak r-f grid input voltage, approximate . . . . . . . . . 280 330 330 

ccs 
2000 

- 500 

250 
70 

500. 
125 

Maximum 
Ratln111 

ICAS 
2250 volts 

- 500 volts 
ohms 
ohms 

27 5 milliamperes 
70 milliamperes 

620 watts 
150 watts 

volts 
Driving power, approximate . . . . . . . . . . . . . . . . . . . . 10 12 12 watts 
Plate power output ............................ 275 375 475 watts 

t Averaged over any audio-frequency cycle. 
t At crest of audio-frequency cycle. 
§ Obtained by grid-resistor of value shown or by partial self-bias methods. 
II Modulation, essentially negative, may be used if the positive peak of the audio-frequency envelope docs 

not exceed 115 per cent of the carrier conditions. 
,r Obtained from fixed supply, by grid resistor (3000, 4000) , or by cathode resistor (415, 550, 510) . 

APPLICATION NOTES 
• The G L -810 can be operated at frequencies as high as 

30 megacycles. The tube may be operated at higher fre­
quencies provided the maximum values of plate voltage 
and power input are reduced as the frequency is raised 
(other maximum ratings are the same as shown above) . 

The tabulation below shows the highest percentage of 
maximum plate voltage and power input that can be used 
up to 100 megacycles for the various classes of service. 
Special attention should be given to adequate ventilation 
of the bulb at these frequencies. 

I.I) 
w 
a,: 
w 

1.6 

~ 0.8 
< 
w 

~ 
c.. 

0.4 

0 

Frequency .. . ... . .. ...... .... ....... .... ...... ..... : ........... . 

Maximum permissible percentage of maximum rated 
Piate voltage and plate input, Class B ............... . .......... . 

Class C, plate-modulated .................. . .... . . . .. . . . .. . . . 
Class C, t elegraphy .. .. .................................... . 

30 

100 
100 
100 

60 

88 
70 
70 

GL-810 AVERAGE PLATE CHARACTERISTICS (E1= 10 VOLTS D-C) 

-\0 

400 800 1200 1600 2000 
PLATE VOLTS (E1) 

K-8639693 

100 megacycles 

80 per cent 
50 per cent 
50 per cent 

-0 

2400 

9-28-H 

ETX-150 

PAGE 3 
s-,6 
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GL-810 
ETX-150 

PAGE 4 
$-~6 

C/') 
w 

°' w 
Q... 

~ 
,<( 
:::; _, 
~ 
0 

°' e> 

GL-810 TYPICAL CHARACTERISTICS (E1= 10 VOLTS 0-C) 

200 

150 

100 

50 ~ ........... _.......~ 

P--+➔~==3~100 ~--1 

0 200 400 
PLATE VOLTS 

600 800 

K-8639692 

• 

• 

• 

• 
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GRID TERMINAL 

OAP 
.563":!: .013" 

DIA. 

ODE TERMINAL 

I •• 
'f 

2~
04

:!:i"-P--4---o-l 

JUMBO 4-LARGE 
PIN BASE(l839) 

K-9033819 

hl.867. 
MAX.DIA. 

__c---.109"MAX. 

.971
11 

DIA. 

GL-810 OUTLINE 

FILAMENT TERMINAL 

GL-810 
ETX-150 

rAGE 5 
5-46 

-
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$-46 (7M) 
Filin1 No. 8850 

Electronics Department 

GENERAL. ELECTRIC 
Schenectady, N. Y . 

• 

• 

• 

• 

• 
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GL-866-A 
DESCRIPTION 

AND RATING 

ETX-175A 

PAGE 1 

3-~· 

MERCURY-VAPOR RECTIFIER 
DESCRIPTION 

This half-wave, mercury-vapor rectifier is de- provides a large emission reserve and improved life. 
signed to withstand high peak inverse voltages and T wo 866-A's operating in a full-wave rectifier 
to conduct at low applied voltages. The construction are capable of delivering to the input of a 
minimizes the danger of bulb cracks caused by coro- choke-input filter a rectified voltage of 3180 volts 
na discharge. An edgewise-wound ribbon filament at 0.5 ampere with good regulation. 

TECHNICAL INFORMATION 
These dolo ore for reference only. For design inlormolion refer lo specificolions. 

GENERAL CHARACTERISTICS 
N umber of electrodes ........... ....... ..................... . 2 

Electrical 
Cathode- F ilamentary M inimum 

Filament voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.37 
Filament current, approximate .............. . 
H eating time, typical. . . . . . . . . . . . . . . . . . . . . . . 15 

Peak voltage drop, t ypical .................... . 
Mechanical 

Bogey 
2.5 
5.0 

15 

Type of cooling ...................................... convection 
Equilibrium condensed-mercury temperature rise over ambient 

No load, approximate ........................................ 26C 
Full load, approximate 33C 

Max imum 
2.62 volts 
5.4 amperes 

seconds 
vol ts 

N et weigh t, approximate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 ounces 
Shipping weight, approximate. . . . . . . . . . . . . . . . . . . . . . . . . 3 pounds 
Mounting position ...................... . ..... vertical, base down 

GENERAL- ELECTRIC 
Sup.-,ede, ETX-175 doled 5-46 

wigfi
Stolen 2 Line Transparent
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GL-866-A 
IETX-175A 
PAGE 2 
3-•8 

TECHNICAL INFORMATION (CONT'D) 

MAXIMUM RA TINGS 

}-48 (8M) 
Filing No. 88~ 

Maximum peak inverse anode voltage 
150 cycles per second or less .... ... . ........... . .... . .......... .. .. . ... . 2000 

Condensed mercury temperature ........ . .. . . .. ...... . ........ .... ... 25-70 
1000 cycles per second or less ..... . .. .. . .. ... . . ......... .. ....... .. ... . ....... . . 

Condensed mercury t emperature .. . .. . . .... •. ......... . . . . . ................. . 
Maximum cathode current 

Instantaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.0 
Average. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 
Surge (maximum duration 0.1 second). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Maximum averaging t ime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

ANODE 
TERMWAL 

CONTROLLING 
MERCURY 

TEMPERATURE 
LEVEL 

FILAMENT & FILAMENT 
SHIELD TERMINAL 

NOCON CTION 

K-6966978 

FILAMENT 
TERMINAL 

VIEW "H" 

GL-866-A OUTLINE 

i.' 
2 

6f 

9-23-H 

El e ctroni cs De partm e nt 

GENERAL. ELECTRIC 
· Schenectady, N. Y. 

• 
10,000 volts 
25- 60 centigrade 

5000 volts 
25- 70 centigrade 

1.0 amperes 
0.25 amperes 

20 amperes 
30 seconds • 

• 

• 

• -
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GL-857-B 
DESCRIPTION 

AND RATING 

ETX-172 

PAGE 1 
5-~6 

MERCURY-VAPOR RECTIFIER 
DESCRIPTION 

The GL-857-B is a half-wave, mercury-vapor 
rectifier tube for use in the high voltage field. The 
low voltage drop characteristic inherent in mercury-

vapor tubes, together with other features of design 
and construction assure maximum efficeincy of 
operation in many different rectifier applications. 

TECHNICAL INFORMATION 

These dolo ore for reference only. For design informolion refer lo spe<ifkolions. 

GENERAL CHARACTERISTICS 
Number of electrodes ............. • . . .................... . . . ... 2 

Electrical 
Cathode- Filamentary 
Filament voltage .................... . ............. . ......... 5.0 volts 
Filament current, approximate ................. . ............. 30.0 amperes 
Heating time, typical ............ . ........ . .. .. ..... .. ......... l minute 
P eak voltage drop, typical ............ . . . ..................... 15 volts 

Mechanical 

Type of cooling ......................... . . convection or forced-air 
N et weight, approximate .................................... 3 ½ pounds 
Shipping weight, approximate .... . ...... .. ......... . .......... 10 pounds 
Mounting position ... . ...... .. . ...... . ..... ... v ertical, base down 

GENERAL fl ELECTRIC 
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GL-857-B 
ETX-172 

PAGE 2 
S-•6 TECHNICAL INFORMATION (CONT'D) 

MAXIMUM RA TINGS 

5-46 (7M) 
F:liog No 8850 

Maximum peak inverse anode voltage, 150 cycles or less ...... . . . ...... 10,000 volts . . ... 22,000 
Type of cooling ............. . .......... . ...... . . .... . ...... Convection ...... Forced-air 
Corresponding mercury temperature ... . . . . . ...... . . .. ....... 25- 65 centigrade ..... 30- 40 

Maximum anode current 
Instantaneous, 25 cycles and above 

In-phase operation ............... . ....... • ................... . . . ............... 20 
Quadrature operation ..... . .... . . . , ... . ..... ~ ................... .... ............ 40 

Average 
I n-phase operation ...... . .......... . . . . . .... , .......... . .................. . ..... 5 
Quadrature operation ............. . .. .. . . ... . .. . ......... . ................... .. . 10 

Surge, for d esign only ...... . .. . .. . . . .. . ...... . . . ..................... . ........... 400 
Duration of surge current ....................... . .... . . . ........... . ............... 0.2 

Maximum time of averaging current ......................... , . ........... ...... . . ..... 30 
Recommended temperature, condensed mercury ...... . ......... . .................... 3 S ± 5 

BASE 1904 

1· 
78 DIA . 

MAX. 

ANODE 
TERMINAL 

4"DIA:-. - --+--~ 
APPROX, 

CONTROLLING 1• 

MERCURY TEMP. !L_ 
LEVEL ----~=~--4--J. 

BASE 3911 

FILAMENT 
TERMINAL FILAMENT & 

FILAMENT 8 .._, .t: l ¼' 
SHIELD T 
TERMINAL 

G L-857-B OUTLINE 
s.22.,s 

EI e c f r o n i c s D e p a r-t m e n f 

GENERAL. ELECTRIC 
Schenect ad y, N . Y. 

• volts 

centigrade 

amperes 
amperes 

amperes 
amperes • amperes 
second 
seconds 
centigrade 

• 

• 

• 
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GL-8008 
DESCRIPTION 

AND RATING 

ETX-202 
PAGE 1 

S-46 

MERCURY-VAPOR RECTIFIER . 
DESCRIPTION 

The GL-8008 is a half-wave, mercury-vapor rec- voltages. The ratings of this tube are the same as 
tifier tube designed to withstand high peak inverse those for the 872-A/ 872. The 8008, however, has a 
voltages, and to conduct at relatively low applied Super-Jumbo push-type base. 

TECHNICAL INFORMATION 
These data ore for reference only. For design information refer lo speeiflcolions. 

GENERAL DESIGN 
Number of electrodes .......................................... 2 

Electrical 

Cathode- Filamentary type 
F ilament voltage ........... . .............. ..... .......... 5.0 volts 
F ilament current , approximate ........ . ...... . . . ........... 7 .S amperes 

Transformer watts, for design purposes ................ . ........ SO 
H eating time, typical ...................... ................. .. 30 seconds 
P eak voltage drop, typical ........ . ........................... 10 volts 

Mechanical 

T ype of cooling ...................................... convection 
B ase ............... . . . . .. super-jumbo 4-pin b ayonet, RMA A4-18 
Cap .................................. medium metal, RMA Cl-5 
N et weight, approximate ................... . ................. ½ pound 
Shipping weight, approximate . ................................. 3 pounds 
M ounting position ............................ vertical, base down 

GENERAL fl ELECTRIC 

wigfi
Stolen 2 Line Transparent
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GL-8008 
ETX-202 
PAGE 2 
5-,6 TECHNICAL INFORMATION (CONT'D) 

MAXIMUM RA TINGS 

S~ (7M) 
Filiog No. 8850 

M aximum peak inverse anode voltage 
150 cycles or less . ......... . ..... . .. .............. ....... ..... ... . . .... . .. 5000- 10,000 volts 
Condensed-mercury temperature limits .................. . ................. . 20- 70, 20- 60 centigrade 

M aximum anod e current 
Instantaneous 
25 cycles and above ........ . . . .... . ......... ......... ........ .. ... ..... ... ...... . 5.0 amperes 
Average ................................. . ............... . . ..... ........... .. . . 1.25 amperes 
Surge, for d esign only .. . ......... . ....... .... .. .. .......... . ...... . .. ..... ....... . 50 amperes 
Duration of surge current . ............. . ............................. . ..... . ...... 0. 2 second s 

Maximum time of averaging current ... . ................ . .... .. .... . .................. 15 seconds 
Recommended temperature , condensed mercury ............... . ..... . ............ 40 '"'5 centigrade 

N-21502AZ 

.:-.0 0 1 
..56S"OIA. 

BOTTOM VIEW 

GL-8008 OUTLINE 

SUPER 
JUMBO 
4 PIN BASE 
44-18 

Electron i c s Department 

GENERAL. ELECTRIC 
Schenectady , N. Y. 

• 

• 

• 

• 
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INSTRUCTIONS 

A-C AND D-C AUXILIARY RELAYS 

TYPES 

HGA14A TO 14K INCLUSIVE, HGA14N, HGA14V 

A-C CURRENT RELAYS 

TYPES 

HGC11A, HGC11B AND HGC11C 

GENERAL. ELECTRIC 
SCHENECTADY, N.Y. 

GEl- 10904F 

wigfi
Stolen 2 Line Transparent
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A-C AND D-C AUXILIARY RELAYS 
AND 

A-C CURRENT RELAYS 

These instructions do not purport to c01Jer 
all details or variations in equipment nor to 
pr01Jide for every possible contingency to be 
met in connection with installation, operation 
or maintenance. Should further information 
be desired or should particular problems arise 
which are not cO'Vered sufficiently for the pur­
chaser's purposes, the matter should be re­
f erred to the General Electric Company. 

GENERAL INFORMATION 
Application 

The HGA and HGC relays described below are 
double-pole, hinge-type relays suitable for appli­
cation wherever a high-speed, low-energy device 
is required. Details of construction of the indivi­
dual relays, which may adapt them to specific du­
ties, are brought out in the following paragraphs on 
construction and operation. 

Construction and Operation 

The rela7 uruts covered by this instruction 
book are all o the same basic construction. The 
contact circuits are closed or opened by moving 
contact arms, controlled by a hinge-type armature, 
which in turn is actuated by the operating coil and 
restrained by an adjustable control spring. The 
length of contact gap is adjustable by means of screw 
contacts and locknuts in the frontfixed- contact posi­
tions. The armature gap and back-contact wipe can 
be controlled by the screws and lockouts located on 
the moving contact arms. These latter features 
make it possible to reduce the pickup energy and 
pickup time to relatively low values. 

The armature, magnet assembly and contact 
assemblies are all mounted on a compact molded 
textohte base provided with a mounting str ap. The 
relays have either a molded textollte cover or are 
mounted in a standard six-inch case. In either case, 
studs are provided for back- of-panel connections. 
Individual models are described in greater detail 
in the following sections. 

HGA14A 

This model is described fully by the general 
discussion above. 

HGA14B 

The HGA14B is identical in construction with 
the HGA14A except that its operating coil is inter­
mittently rated to obtain high-speed pickup, and 
stronger contact springs have been used to elimi­
nate r.ontact chatter under this condition. 

HGA14D 

The HGA14D relay unit is similar lD construc­
tion to the HGA14A except that it is available for 
D-c applications only. It is supplied with external 
capacitor and adjustable resistor to provide an ad­
justable time delay in pickup. 

HGA14E 

The HGA14E model consists of two HGA14B 
units mounted in a six-inch case. 

HGA14H 

The HGA14H consists of two HGA14A units m 
a six-inch universal case, or a single-unit, double­
end drawout case. 

HGA141 

The HGA141 is similar to the HGA14A except 
for stronger contact springs and special test ad­
justments to secure pickup time settings as speci­
fied by the customer. 

HGA14K 

The HGA14K is similar in construction to the 
HGA14A except for contact springs and method of 
adjustment in test . It 1s recommended for use 10 
locations , s uch as on circuit breaker mecharusms, 
where the relay is s ubjected to mechanical s hock 
during operation. 

HGA14.N 

The HGA14.N is similar to the HGA14k except 
that the operating coils have been des igned to offer 
very low burdens at rated voltage. It is designed 
for use as an awuliary relay in conjunction with 
protective devices whose contacts are incapable 
of handling the current required by standard HGA 
auxiliary relays. 

HGA14V 

The HGA14V is similar to the HGA14A except 
that it is designed for dual freriuency rating and 
pickup is adjusted for less than 90 per cent of the 
higher frequency rating and lower voltage ratrng. 

HGCllA, 11B & llC 

The HGC relays included in this instruction 
book are similar 1 n construction to the HGA14A 
except that they are designed for use as over current 
and undercurrent devices with special adjustments 
of the ratio of pickup current to dropout current. 

All special adjustments of HGA or HGC units 
are covered more completely under Inspection l.nd 
Adjustment. 
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Ratings 

The HGA14A, 14H, 14J, and 14N relays are 
available for both a-c and d-c in all standard volt­
age ratings and frequencies. The HGA14B, 14D, 
14E, and 14K are available in all standard voltage 
ratings, but for d-c service only. The HGA14V is 
available for a-c only and is assigned a dual fre­
quency rating. The HGC type relays are designed 
for a-c overcurrent and undercurrent relays in rat­
ings up to 10 amps. 

The contacts will make and carry 5 amps con­
tinuously or 30 amps for 1 minute, and will inter­
rupt the following: 

Volts 

115 a-c 
230 ll-c 
125 d-c 
250 d-c 

Interrupt (Single Break) 

2 amps. 
1 amp. 
0.6 amp. 
0.25 amp. 

-2-

Rated D-C Volts 
48 

125 
125 
250 
250 
125 

Coil Ohms 
640 

12,800 
3,070 

12,800 
12,800 
12,800 

Resistor Ohms 
0-700 
0-4000 
0-4000 
0-12000 
0-12000 
0-4000 

The HGA14N has a burden of approximately 
1.7 watts when cold and 1.5 watts when hot. 

The burdens of the HGC relays at 5 amps. 60 
cycles are as follows: 

HGCllA: 

Rating Impedance Volt Amps. Watts 
1.6 amps. 7.1 ohms 177 v-a 82 

4 1.05 26.2 11.8 
7 0.386 9.7 4.4 

10 0.25 6.3 2.9 

HGCllB: 

Rating Impedance Volt-Amps . Watts 
2 amps 3.76 ohm 100 v- a 47 

HGCllC: 

3 ,3 amps 0.46 ohm 11.5 v-a 5,5 

SHIPPING - UNPACKING - STORAGE 

Immediately upon receipt of HGA or HGC re­
lays, an examination should be made for any dam­
age sustained during shipment. If injury or rough 
handling is evident, a damage claim s hould be filed 
at once with th e transportation company and the 
near est General Electric Sa! es Office notified 
promptly, 

If it is necessary to store the relay for any 
length of time before ins tallation, it should be placed 
in a dry location, free from excessive vibration, 
preferably resealed in its original packing carton. 

The values given in the above table are for non­
inductive loads with contacts set as recommended 
under Adjus tments and Inspection. 

Burdens 

The burdens of HGA14A, 14J, 14K, 14V and for 
each unit of the HGA14H are as follows: 

for a-c coils : 13 voltamperes, 5 watts (approx.) 
d- c coils: 5 watts, cold; 4 watts hot (approx.) 

Burdens of HGA14B and each unit of HGA14E 
are as follows: 

for potential coils: 20 watts (approx.) • 
current coils: 10 watts (approx.) • 

• Intermittent rating 

The characteristics of the HGA14D relay is 
given in the table below: 

Raged Max. 
Time Delay, Secs. 

.067 

.100 

.050 

.100 

.150 

.200 

Capacitor Mu f 
100 
25 
25 
25 
50 
50 

INSTALLATION 
Location and Mounting 

The relay should be installed in a location that 
is clean and dry, and free from excessive vibration. 
It should be mounted on a vertical surface by means 
of the s teel mounting strap, or by means of the large 
s teel mounting studs in the case of relays in univer­
sal cases. Care s hould be taken to allow sufficient 
clearance in front of the relay to remove the texto­
lite cover. Outline and panel drilling dimensions 
are lis ted in the table in the section on connections . 

Connections 

Internal connections, as well as outline and pan­
el drilling, of the relars covered by this instruction 
book are given at the back of the book and are listed 
in the following table: 

Relay TyPe 

HGA14A 

Outline, Panel Drilling 
Internal Connections 

HGA14B 
HGA14D Relay 
HGA14D Auxiliaries 
HGA14D Ext. Conn. 
HGA14E & H (Univ. case) 
HGA14H (Drawout case) 
HGA14J 
HGA14K 
HGA14N 
HGA14V 
HGCllA 
HGCllB 
HGCllC 

Fig. 1 
Fig. 2 
Fig. 2 
Fig. 3 
Fig. 4 
Fig. 5 
Figs. 7 & 8 
Fig. 1 
Fig, 1 
Fig. 1 
Fig. 9 
Fig. 1 
Fig. 2 
Fig. 2 

I 
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In the case of the HGA14D reference should 
also be made to the auxlliary outline and the ex­
ternal connections. 

ADJUSTMENTS AND INSPECTION 
Pick-Up 

All HGA relays covered by these instructions, 
except HGA14D, 14K, and 14N have been adjusted at 
the factory to pickup at 30 per cent of rating (D-C), 
or 40 per cent of rating (A-C). The pickup of the 
HGA14D ls dependent upon the desired time delay 
setting but is usually below 50 per cent of rating. 
The HGA14K1 since it bas a strong control spring 
setting to reduce closing tendency under shock, ls 
set to pick up at approximately 80 per cent of rating. 
The HGA14N, because of its low-burdend~sign, will 
pick up at approximately 80 per cent of rating. 

The pickup value ls adjusted by means of the 
control spring at the lower tail-end of the armature. 
It should be in the upper hole of the spring post for 
relays adjusted for 30-40 per cent pickup and in the 
lower hole for relays adjusted for 60-80 per cent 
pickup. An exception to this ls the HGA14N which 
must have a weak spring setting because of its low­
burden coil. A fineradjustmentof pickup ls obtain­
ed by means of the notches in the armature tail. 
The pickup - dropout ratio adjustments of the HGC 
relays are controlled by the setting of "a" contact 
wipe and control spring tens ion. 

The HGA14D requires special adjustments in 
that the control spring is set in the weakest posi­
tion possible; that is, its bo~ore loop is booked in 
the top hole of the spring post and its top loop is in 
the top usuable notch of the armature tail. Adjust­
ment of time delay pickup is made by means of the 
series resistor· increasing resistance increases 
the time while decreasing if has the opposite effect. 

The HGC relays as previously mentioned, have 
special adjustments of pickup and dropout. The 
HGCllA 1s set for 35 per cent pickup and drops out 
at 80 per cent of pickup. The HGCllB is set for 
70 per cent pickup only. The HGCllC is set for 90 
per cent pickup and drops out at 85 per cent of pick­
up. 

The pickup adjustments in general are similar 
for all the relays. As shipped rrom the factory all 
relays having low pickup are provided with but one 
"b", or normally closed, contact circuit. The left­
hand (front view) screw contact !s backed out of en­
gagement with its moving contact. This is neces­
sary since the low control spring tension used on 

-3-

relays adjusted for 30 per cent pickup is not great 
enough to give sufficient pressure on two ''b" con­
tacts. Both "b" contacts can be utilized if the con­
trol spring tension is increased sufficiently to raise 
the fickup to 60 per cent of rating (D-c) or 80 per 
cen of rating (A-c). In the case of the HGA14B 
and 14D, and HGC11B and llC, the left ''b" contact 
has beenreplaced by abackstop,and in theHGA14K 
and 14N the pickup is set at the factory for 80 per 
cent of rating, so no further adjustment is possible. 

Contact Wipe 

The minimum recommended contact wipe is 
one turn of the screw in the moving contact arm. 
To set the wipe close the armature by hand and ad­
just the screws so that they are just touching the 
contact carrier. Then back them each off one full 
turn and lock them in place with the lock nut. The 
minimum recomi&ended contact gap is 3-3/ 4 turns 
of the fixed-contact screw. To adjust turn both 
screws in until there ls zero gap on the 1'a11

1 or nor­
mally open contacts. Then back each screw out 
3-3/4 turns and lock in position with the locknut. 
Lower contact gaps are .-,ermissible in special ap­
plications provided contact interrupting capacities 
are pro- rated according to the table under contact 
ratings. These ratings are for minimum recom­
mended gap setting. 

MAINTENANCE 

Auxiliary relay equipment should be checked 
for operation at regular intervals, preferably at 
the same time that the associated protective devices 
are inspected. Relays should be checked for pick­
up values, and dropout values and time settings 
when specified. These settings should not require 
readjustment, but if changes are necessary the 
points discussed under adjustment and inspection 
should be observed. 

If it is found necessary to clean the contact but­
tons, do so with a clean,fine file. Never use emery 
or crocus cloth for this purpose as insulating par­
ticles may become embedded in the contact surface. 

RENEWAL PARTS 

When ordering renewal parts address the near­
est Sales Office of the General Electric Company 
specify the quantity required, name of the part want­
ed and the complete nameplate data. If possible, 
give the General Electric Company's requisition 
number on which the relays were furnished. 
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IF YOU REQUI RE SERVICE 

IF AT ANY TIME you flnd it necessory to repair, recondition, or re~uild your G-E opparotus, there ore 26 G-E service shops 
whose facilities a re available day and night for work in the shops or on your premises. Factory methods and genuine G-E 

renewal parts o re used to maintain the original performance of your G-E apparatus. If you 11eed parts onl·t, immediate 
shipment of many items can be made from warehouse stock. 

The services of our factories, engineering divisions, and soles offices are a lso available to assist you with engineering 
p rob lems. For full information about these services, contact the nearest service shop or sales office listed below: 

Atlonlo, Go ..••••• ••• • , .496 Glenn St., S.W. 
•Ba ltimore 30, Md .••...•••.. 920 E. Fort Ave. 
Buffalo 11, N. Y ........... .. .. 318 Urbon St. 
Charleston 28, W. Vo .. 306 MocCorkle Ave., S.E. 
Chlcogo 80, Ill ............ • 849 S. Clinton St. 
Cincinnati 2, Ohio •.•••..•... 215 W. Third St. 
Cleveland 4, Ohio •••• . • -4966 Woodland Ave. 
Dollos 2, Texos . .• •. ...... 1801 N. lomor St. 
Denver 5, Colo •..• ••. ••..•• 3353 Lorimer St. 
Detroit 2, Mich .••••.•••... , • 5950 Third Ave. 
Houston 1, Texos .......... 1312 l ive Ook St. 
Johnstown, Po .• ..••.••.••.•.•.• a.c·1 Ook St. 
Konsos City 8, Mo .. .... ...... 81 9 E. 19th St. 
Los Angeles 1, Colif ....... 6900 Stanford Ave. 
Milwaukee 3, WiK ... , ... 9-40 W. St. Poul Ave. 
Minneopolls 1, Minn ...•.•.. <4 10 Third Ave., N. 
New York U, N. Y . .. • ...••• -416 W. 13th St. 
Phllod elphio 23, Po .•••..•• 429 N. Seventh St. 
Pittsburgh 6, Po .•••.......•.. 651 9 Penn Ave. 
St. Louis 1 , Mo .. . .... ..... 111 0 Delmor Blvd. 
Solt l oke City 9, Utoh . . . 1-41 S. Third West St. 
Son Diego 1, Collf •...•• •.• 2045 Kettner Blvd. 
Son Froncl,co 3, Colif ..•• .•• 1098 Harrison St. 
Seattle 4, Wosh •••••••••••• 1508 <4th Ave., S. 
West Lynn 3, Moss . •.•••••• 920 w .. tern Ave. 
Youngstown 3, Ohio ..• .•• 121 E. Boordmon St. 
• Convenieflt G·l: R•MWol ,or1:1 C.nt•r for cw•r•thft • 
CO'-"'t•r putdio••• of industrial porb, located ot 1ame oddr•"• 

APPAR ATUS SERVICE SHOPS 

APPARATUS SALES OFFICES 
Akron 8, Ohio ..........•.•.• 335 s: Moln St. Fresno 1, Collf.... . ...• Tulore ond Fulton St. Portland 7, Ore . .. ••.• ..• 920 S.W. Sl1tth Ave. 
Albany 1, N. Y... . . . ... ...... 90 Stole St. Grond Ropids 2, Mic.h .. 1-48 Monroe Ave., N.W. Providence 3, R. I.. •..••.• lndu,trlol Tru1t Bldg. 
Allentown, Po ...•..... ..•.. 101 -4 Hamilton St. Greenville, S. C .•••••• 1 06 W. Washington St. Rolelgh, N. C .•••••••••.• 304 So. Salisbury St. 
Amarillo, To1ta1 ....••.•••.... 701 E. Filth St. Hagerstown, Md .......• Professional Arts Bldg, Reading, Po .•••••••••••...•.. 31 N. Sixth St. 
Atlonto 3, Go .••. , •.•••• 167 Spring St., N.W. Hartford 3, Conn. •• ••••• • .. . . -410 Asylum St. Richmond 17, Vo .• ••.••.•.• 700 E. f ranklin St. 
Bokersfleld, Calif.. ...... . .... 211 E. 18th St. Houston 1, Tua, .•• .•••••• 1312 Uve Oak St. Riverside, Calif .... . . ......... 3972 Main St. 
Baltimore 1, Md .•.••••••• 39 W. luington St. lndlonapolis -4, Ind ..... . .... 110 N. Illinois St. Roanoke 11, Va ..• •••• •.. 202 S. Jefferson St. 
Bangor, Maine •.•.••••.• , .•.• • 77 Central St. Jackson, Mich .•...•• •.. 120 W. Michigan Ave. Rochuter 4, N. Y •• , •• • ••.....•••• 89 E AYe. 
lt .. oumont, Texos ••..••• • •.•... 398 Pearl St. Jack1on 1, Miss .•..•.•••.• 203 W. Capitol St, Rockford, Ill .••• •••••••••• •••• 110 S. First St. 
Binghamton, N. Y .....••..•.. 19 Chenango St. Jacksonville 2, Fla ......... 237 W. Forsyth St. Rutland, Vt .••••••• .....•.... 38½ Center St. 
Birmingham 2, Alo ..•.•. • 600 N. Eighteenth St. Jamestown, N. Y . ...•.•.••••••• 2 Second St. Sacramento 1-4, Calif .. .•. •• ... 1107 Ninth St. 
Bluefleld, W. Va. P.O. Bo1t4.47,Appolochian Bldg. Johnson City, Tenn ..•••••.•..• 334 E. Main St. St. Louis 2, Mo ..•...••.... • • 112 N. Fourth St. 
Baston 1, Mal$. .•.•• ••. •••••. UO Federal St. Johnstown, Po., ...•.••••••.••.• 8' 1 Oak St. Salt l ake City 9, Utah .•••.... 200 S. Main St. 
Buffalo 3, N. Y . ••••.•••• • 535 Wo1hington St. Kon101 City 6, Mo ...... 106 W. fourteenth St. Son Ar,tonlo 5, Texas •• ••• 310 S. St. Mary's St. 
Butte, Mont .•••••• . .••••• 20 Weit Granite St. Knoxville 08, Tenn ..• .•••••••• 602 S. Goy SI. Son Diego 1, Calif ............ 861 Si1tlh Aye, 
Canton 1, Ohio .•.. ..• 700 TU1corowa1 St., W. Lincoln 8, Neb . ... .. ••••••••.•. 1001 "O" St. Son FronciKO 6, Calif ..... 235 Montgomery St. 
Cedar Rapids, Iowa ....•. 203 Second St., S.E. lo, Angeles 5-4, Calif .•••••• . 212 N. Vigne• St. San Jose, Calif ...... 177 W. Santa Clora Ave. 
Chorle1ton 28, W. Va .• 306 MocCorkle Ave., S.E. loui,vllle 2, Ky ...• ... •.•• •. . -455 S. Fourth St. Sovonnoh, Ga .•...••...•••.• 16 Drayton St. 
Charlotte 1, N. C ... .. . •.••. • 200 S. Tryon St. Modi.an 3, Wisc ............. 111 S. Homllton Seattle 11, Wa,h .• ... ••. .•. 710 Second Ave. 
Chorlolle1ville, Va ...• • •• ••... I 23 E. Main St. Manchester, N. H ..... . . ....•.. • . 839 Elm St. Shreveport 39, la ..••••.••.•.. 803 Jordon St. 
Chattanooga 2, Tenn . •••••• 832 Georgia Ave. Medford, Ore .•. 2015 E. Moln St., P.O. Box 1349 Sioux City 13, Iowa .... . ...... . 507 Sixth St. 
Chicago 80, 111. •••.••.••• • .. 840 S. Canal St., Memphis 3, Tenn .....• ....•• . •• 8 N. Third St. South Bend 11, Ind .•••• 112 W . Jefferson BIYd. 

P.O. Box 5970A Miami 32, Ra ...... . .... • 25 S.E. Second Ave. Spokane, Wosh .•..•.•.•...••. S. 162 Post St. 
Cincinnati 2, Ohio .••••.•••. . 215 W. Third St. Milwaukee 3, WiK ...••.• 940 W. St. Paul Ave. Springfield, Ill .•. . ....••.. • ,607 E. Adam, St. 
Cleveland -4, Ohio ...•.• -4966 Woodland Ave. Minneapolis 2, Minn .•..•• • ••••• 12 S. Sh,th St. Springfield 3, Man ....••....•. 1387 Main St. 
Columbia 23, S. C .•.•.•• 1225 Wo,hington St. Mobile 13, Ala .....•..•••.. 54 St. Joseph St. Syracu,e 2, N. Y .•. .. • ••.... 1 13 S. Solina St. 
ColumbU115, Ohio .•.•••...•. . 40 S. Third St. Nashville 3, Tenn . ...••.•..• 234 Third Ave., N. Tacoma 1, Wash •.•..••... . 1019 Pacific Ave. 
Dallas 2, Texas •..•..•••. . 1801 N. lomor St. Newark 2, N. J ....... . ••• .• .• 7-4-4 Brood St. Tampa 6, Fla .•••.••.•..... 1206 North A St. 
Davenport, Iowa ...•..••.. 511 Pershing Ave. New Haven 6, Cann •.. ...•.••• 129 Church St. Toledo 4, Ohio •••••.....•. 4 20 Madison Ave. 
Dayton 2, Ohio •..•.•••..•.•• 25 N. Main St. New Orleans 12, La .. .....•.. 837 Grovier St. Trenton/ N. J ............... 214 Hanover St. 
Denver 2, Colo .••..•..•• • 650 Seventeenth St. New York 22, N. Y . .. •..• • 570 l ulngton Ave. Tulsa 3, Okla .•...•....... 320 S. Boston Ave. 
Des Moine,, Iowa ••••• •••. • 418 W. Si1tth Ave. Niagara falls, N. Y ... ...••... 253 Second St. Utica 2, N. Y . . •............ 25R Genesee St. 
Detroit 2, Mich. ••••.••••••. 700 Antoinette St. Norfolk 10, Vo ................. 229 Bute St. Washington 5, D. C .••.. 806 Fifteenth St., H.W. 
Duluth 2, Minn .••..••••••• 14 W. Superior St. Oakland 12, Calif .. ..••••.. 409 Thirteenth St. Waterbury 89, Conn ..•.•.••• 11 l W. Main St. 
El Pa.a, Te1tos ..•...••..•• 109 N. Oregon St. Oklahoma City 2, Okla ...• 119 N. Robinson St. Waterloo, Iowa ......•.••.•. • 716 Water St. 
Erie 2, Po .................. 10 E. Twelfth St. Omaha 2, Nebr .•. •. ••• -409 S. Seventeenth St. Wheeling, W. Vo ••. ..•• ••• . -40 Fourteenth St. 
Evan1ville 19, Ind ... . . .... 123 N.W. fourth St. PaKo, Wash .•. ••.. • .••••• 421 W. Clark St. Wichita 2, Kan .....• • •• ••.. 200 E. First St. 
Fairmont, W. Va .••.• ••....• 511 Jacobs Bldg. Philadelphia 2, Pa ..•••••••••• 1'05 Locust St. Wilmington, Der. • •••••••• 1326 Morket St. 
Fergus falls, Minn. ...... . 102 W. Lincoln Ave., Peoria 2, Ill .••••••.• . •.....••• '10 Main St. Williamston, N. C- •...••••••••••• Town Hall 

P.O. Bo1t 197 Phoenix, Ariz ...... , •.•• •. 435 W. Madison St. Worc .. ter 8, Mou. •• •• • ••••••• . 507 Main St. 
Fort W ayne 2, Ind .......... 127 W. Berry St. Pittsburgh 22, Pa .. .•...••. • 535 Smithfield St. York, Po •.•...•.•.••••••• 56 W. Market St. 
fort Worth 2, Tuns ..•... .408 W. Seventh St Portland 3, Mai~e ... ..•..•. -477 Congress St. Youngstown 3, Ohio ••••••• 25 E. Boardman St. 

Hawalh W. A. ltar:uoy, Ltcl., Honolulu Canocla1 Canadian GanaNll llectrk Company, Ltd., Toronto 

APPARATUS DEPARTMENT, GENERAL ElECTRIC COMPANY, SOtENECTADY, N. Y. 
4 -48 Sv ........ GEl-10904£ 
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INSTRUCTIONS 

CR2810 A-C LOW-VOLTAGE 
CONT ACTORS WITH D-C 

MAGNET 

GENERAL. ELE~TRIC 

GEH-1039B 

wigfi
Stolen 2 Line Transparent
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CR2810 A-CLOW-VOLTAGE CONTACTORS 
WITH D-C MAGNET 

600 VOLTS MAXIMUM 

These instructions do not purport to cover 
all details or variations in equipment nor to 
provide for every possible contingency to be 
met in connection with installation, operation 
or maintenance. Should further information 
be desired or should particular problems arise 
which are not covered sufficiently for the 
purchaser's purposes, the matter should be 
referred to the General Electric Company. 

The coils of these contactors operate from an 
a-c circuit by means of rectifiers but they can be 
operated from a separate d-c supply if desired. 
Coils for use with rectifiers are designed to allow 
for the drop of voltage due to rectification and 
are therefore different from the coils used on a 
d-c supply . 

Fig. I. CR2810-1503 lo 1507 
CR2810-1541 lo 1544 

Contactors, 150 to 600 Amp Inclusive 

Care of Contacts 

In general, the contacts do not require attention 
during their normal life, but if prominent copper 
beads form on the surfaces, or if the contacts turn a 
dark color, their faces should be dressed with a fine 
file or replaced with new contacts. 

When renewing contacts see that the contact sur­
faces between the contact and the shunt are clean, 

POLKS 

but the plating must not be removed from bolted 
joints. 

Fig. 2. CR2810-1514 lo 1518 
CR2810-1525 lo 1528 
CR2810-1831 lo 1834 

The movable contacts of the contactors having 
spring caps can be removed by slightly compressing 
the spring with the cap and turning the latter 90 
degrees. 

To remove the front arcing contact from the 300-
and 600-ampere sizes, take out the screws in the 
shunt above the spring; then, holding the spring 
in place, pull out the contact, using the arcing horn 
for a handle. The horn should then be transferred 
to the new contact unless badly burned. 

Contact Force 

It is important that the compression of the 
springs for the contacts be kept at values as given 
in the table on page 4. If the force is too low, the 
contacts may overheat; if too high, the magnet may 
be prevented from completely closing. 

Spring balances should always be checked for 
readings in a horizontal position before checking 
contact force. 

Initial contact force: With the contactor open 
and the coil de-energized, insert a strip of thin 

300 AMP 

l\ormally Normally 75 Amp 150 Amp 600 Amp 1000 Amp 
Open Closed Single Coil • Double Coil 

--- ----------
3 2 

c ·RisiO-:.i.54i . c ·Risio.:.isoj · · · · c·Risio.:.,si.i CR2810-:.io25 
,. 

l -
2 - CR2810- 1542 CR28l0-1504 CR2810-1515 CR2810-1526 
3 CR2810-1543 CR2810-1505 CR28J0-1516 CR2810-!527 
4 CR2810-1544 CR2810-1506 CR2810- 15l7 CR2810- 1528 
5 - .. ····· ····· CR2810-1507 CR2810- 1518 

c ·R2SiO-:.iw!i•c"2) 3 2 CR2810- I 513*(1) ....... ...... 
I - ... .. .. .. . . ...... ... ·········· .... 
2 .. 
3 ,. 

4 ······· .. .... 

• Coils require resistor inserted in coil circuit by means of an interlock when the contactor closes. 

il! Normally closed pole rated 75 amp is not designed to break current, 
2 Normally closed pole rated 300 amp is not designed to break CUJ'rent. 
3 Normally closed pole rated 600 amp is not designed to break current. 

3 

--
CR2810- 1570*(2) 
CR2810- 1571• 

c ·Ris10-:.i2so• CR2810- J572* 
CR2810- 1573* CR2810-!251* 
CR2810-1574* CR28!0-1259• 

cR2sio.:.i515• · · c ·RzsiO-:.i&iil•c3J 
CR2810-1831 

c ·R2SiO-:.iiw2 · · CR2810-1832 
CR2810-1833 CR2810-1843 
CR28t0- 1834 ........ ,. , 
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GEH-10398 CR2810 A-c Low-voltage Contacfors with D-c Magnet 

Main contact 
(stationary) 

Fig. 3. F0<1r~•, ol,.rMtittr,-current contoctor 
w it/, 0 -c fflCIOMI (1000-omp sire} 

paper between the contact support and contact, 
just back of spring at A in Figs. l and 3. Attach 
the hook of a spring balance to a string or a strip of 
thin material fastened around the contact at the line 
of final contact. The pounds pull at the instant the 
paper can be moved is the initial contact force. 

Final Contact Force 

The final contact force given in the table will be 
found only with new contacts. To measure this 
force insert a piece of paper and a strip of material 
not more than 0.01 in. thick as shown in Fig. 2 at 

B. With the contactor armature closed the pounds 
pull when the paper can be moved is the final 
contact force. 

Failure to Open 

If the contactor does not open when the coil 
circuit is opened, see if the contacts are frozen to­
gether. 

1000-amp Contactors 
Care of Contacts 

In general, the contacts do not require attention 
during their normal life, but if prominent copper 

CONTACT FORCK IN POVNOS DIM E NSION "X," FIG. 1 

Contactor Contact s Initial Final 
AND 2 IN INCHES WITH 

CONTACTOR CLOSED 

Min. Max. Min. Max. New Contacts •Worn Contacts 

CR2810-154 t to - 1545 Incl. Norm. Open I½ 2 2 2½ 'A• ½o -----CR2810-1503 to - 1507 Incl. 
CR2810- 1513 

Norm. Open 3½ 4½ 7 9 %, 'A• 
-----

CR2810-1514 to - 1518 Incl .. 
1525 to- 1528 Incl., - 1569 Norm. Open 7 9 I~ 18 '¼, ½ 

CR2810-1831 to - 1834 Incl. 
CR2810-1570 to-1575 Incl. Norm. Open 15 17 

-----
30 34 'A, '"• 

CR2810-1513 Norm. Closed I½ 2 2 2½ ½ 'A• 
CR2810-L569, - 1570 Norm. Closed 7 9 11 13 ½ ½o 
CR2810-1549 Norm. Closed 7 9 16 20 '¾, ¼, 

CR2810-1250 
Norm. Open 
Main 23 29 45 <> 55., 

CR2810-1251 
CR2810-1259 Norm. Open 

See Tables 1 and 2, paJ!e 6. CR2810-J842 Arcing II 15 12 15 
CR2810-1843 
CR2810-1549 Norm. Open 

Auxiliary 6 8 10 12 
• Renew contacts when worn to .. worn contact" dtmens1on . 
o> This force only to be measured directly over center line of spring. 

4 

I 
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CR2810 A-c Low-voltage Contactors with D-c Magnet GEH-10398 

Arc chut<i 
( l<tft.} 

0 

Arcing horn 

Arcing contact 
(stationer~} 
Arcing contact 
(movablct} 

C 
Auxi liary cont.act 
(stationary) 
Auxiliary contact 
(movable) 

contact arm 
spring (upp,zr) 

Fjg. 4. Contact ports {1000-omp NH) 

beads form on the surfaces of the arcing or auxiliary 
contacts their faces should be dressed with a fine 
file or replaced with new contacts. 

When renewing contacts the surfaces bet\\'een 
the contacts and the shunt should be clean but the 
plating must not be removed from bolted joints. 

If the main contacts have become roughened, 
they should be smoothed with a fine file and can 
continue in use as long as the silver facing remains. 
To remove them take out the screws at the lower 
end and remove the pins and the spring plate. 

Contact Renewals 

The contact gaps should be in accordance with 
Table 2, page. 6. It is important that the arcing con­
tacts touch be/ore the auxiliary contacts, and that the 
auxiliary contacts touch be/ ore the main contacts. The 
auxiliary contacts may be adjusted by means of 
the screw F, Fig. 3. The correct armature gaps are 
given in Table 2 (see Figs. 5, 6, and 7). When the 
minimum armature gap is reached, the arcing and 
auxiliary contacts should be replaced. 

Also the arcing contacts should be replaced if so 
worn that they fail to make contact in advance of 
the auxiliary contacts. Replace the main contacts 
before the silver face has worn through. 

To renew the arcing contacts remove the arc 
chute A, Fig. 8, by lifting until it releases at notch 
B, then remove screws C, Fig. 4. 

5 

The arcing contacts are provided with arcing 
horns which help in preventing the concentration 
of arcs on small areas, and greatly increase the life 
of the contacts and arc chutes. 

To renew the stationary auxiliary contact after 
the arc chute has been removed, remove screws 
D, Fig. 3. To remove the front auxiliary contact 
remove the two screws in the spring plate E, Fig. 4, 
which \viii allow the springs to drop out. Then 
remove the screw which acts as a spring seat. When 
renewing the contacts, see that the contact surfaces 
between the contacts and shunts are clean to insure 
a good contact and to reduce heating at this point. 
However, the plating must not be removed from 
bolted joints. 

Do not wait until trouble occurs, but inspect 
all parts at regular intervals. Keep all parts free 
from dirt, oil and grease. Replace contacts when 
worn. If the current-carrying parts, bearings, 
springs, and interlocks are carefully inspected 
periodically, trouble will be reduced to a minimum. 
Keep on hand extra coils, springs and contacts. 

Renewal Parts 
For renewal part information not given in the 

table on page 7, refer to the nearest Sales Office 
of the General Electric Company, giving the 
complete nameplate rating, and describing the 
part in detail. 

wigfi
Stolen 2 Line Transparent
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GEH-10398 CR2810 A-c Low-voltage Confactors with D-c Magnet 

Arcing con t act s 
Arcing contacts 

~ u•H•• ee m h ot, 

Arcing conlacls 

Auxi liary conl.:icts l ~Afm•tu= g•p ; J -;;:=·: g•p i 

M.,.in cont acts(open) 

Fig. 5. 
Arcing conlacts ;u,1 louclting 

~in conl acts(open) 

Fig. 6. 
Auxiliary contocl• jusl louclting 

M...in conlacls j ua t touching 

Fig. 7. 

0 

Contact 

Main 

Arcing 

Auxiliary 

Q 0 

A 

Fig. 8. Arc cltule 

TABLE 1 

Contact Gaes in Inches with 
New Contacts ­
Contactor Open 

l 'A•. '/2• 

TABLE 2 

MAXIMUM AND MINIMUM ARMATURE GAP§ 
IN INCHES 

WITH ARCtNC WITII AUXILIARY 
WITH MAIN CONTACTS CONTACTS JUST CONTACTS JUST 

TOVCRIN'C TOUCHING JUST TOUCHINC 

PIC. 5 PIC. 6 ~,c. 7 

Min. Min. Min. 
New With New With New With 

Contacts Worn Contacts Worn Contacts Wom 
Contacts Contacts Contacts 

•y., '/2• :i, .. •,1. ¾ • 
• The main contacts should be replaced before the silver face has 

worn through. 
§ The armature gap should be measured at the front edge of the 

armature. 

6 

Main conlact, jusl louclting 
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Contactor 

CR2810-1503A 
CR2810-1504A. B, E 
CR2810-1505A, B. P 
CR2810-1506A 
CR2810- 1507A 

CR2810- 1513A 
CR2810-1514A, B 
CR2810-1515A. B 
CR28J0- 1516A. B 
CR2810-1517A 

CR2810-1518A 
CR2810-1525A 
CR2810-1526A 
CR2810-1527A, B 
CR2810-1528A 

CR2810-154½A, B. C. 0, H, L 

CR2810 A-c Low-voltage Contactors with D-c Magnet GEIH-10398 

RENEWAL PARTS 

MAIN CONTACTS 
ARC CH UTE SIDS ( IF USED) (SORMALLY O PE:-l) 

Main Contac t Main Contact Cutout Shunt Spring Switch (if Used) Stationary Movable Left Right 

Cat. No. Cat. ?\o. Cat. Xo. Cat . No. Cat. No. Cat. No. Ca1t. No. 
-- - - ---- - - --- ----- - - - ---

245i337 2457351 :J667564GI 3671035Pl 3671036Pl 2415140 530472001 2457337 2457351 366756401 36710~5Pl 3671036Pl 2415140 5304720GI 2457337 2457351 366756-1.GI 3671035Pl 3671036Pl 2415140 530472001 2457337 2457351 366756401 3671035Pl 3671036PI 2415140 530472001 2457337 2457351 366756401 3671035P1 3671036Pl 2415140 530472001 
2457337 2457351 366756401 3671035Pl 3671036Pl 2415140 530472001 2447762 5350495 431101203 4338332 4338333 2414881 530472002 2447762 5350495 431101'203 4338332 4338333 2414881 530472002 2447762 5350495 431101203 4338332 4338333 241488,1 530472002 2447762 5350495 431101203 4338332 4338333 2414881 530472002 
2447762 5350495 -131101203 4338332 4338333 2414881 530472002 2447762 5350495 431101203 4338332 4338333 2414881 .. .. . .. .. 
2447762 5350495 431101203 4338332 4338333 2414881 . . . . . . . 2447762 5350495 431101203 4338332 4338333 2414881 ..... 2447762 5350495 431101203 4338332 4338333 2414881 . . . . . . . . . . . . 
1468908 1445307 284022503 1435844 1435843 189703 530472001 CR28!0-154 A, B, c. o. H. l 1468908 1445307 284022503 1435844 1435843 189703 530472001 CR2810-J543A, B, C. D, K. , M. N 1468908 1445307 284022503 1435844 1435843 189703 530472001 CR2810-1544A. B 1468908 1445307 284022503 1435844 1435843 189703 530472001 

CR2810-1549A 264493601 264493604 1432511 1432510 244804 / 283920101(1) . . . . . . . . . 283920 I 02(2) 
CR2810-1569A 2447762 5350495 4311012G3 4338332 4338333 2414881 384575004 CR2810-1570A 2458490 5151779 495981101 4927032 4927033 2413921 69205010I CR2810-1571C 2458490 5151779 495981101 4927032 4927033 2413921 ........ , ... CR2810-1572C 2458490 5151779 495981101 4927032 4927033 2413921 .. . ' ....... CR2810-l573C 2458490 5151779 495981101 4927032 4927033 2413921 ....... ..... 
CR2810-1574C 2458490 5151779 495981101 4927032 4927033 2413921 ............ CR2810-1575C 2458490 5151779 495981101 4927032 4927033 2413921 ·· ··· ... , ... CR2810-1831A 2458490 5151779 495981101 4927032 4927033 2413921 ........ . ... CR2810-1832A, B 2458490 5151779 495981101 4927032 4927033 2413921 .... ···•· ·· CR2810-1833A, B 2458490 5151779 495981101 4927032 4927033 2413921 ........ . ... 
CR2810-1834A, B 2458490 5151779 4959 llOL 4927032 4.927033 2413921 .. ·· -··· ···· CR2810-1842A. B 2644936Gl 264493604 . .. 14.32511 1432510 244804 . . . . . . . . ' . . . CR2810-1843A. B 264493001 264493604 ····· ·· ,. 1432511 1432510 244804 ·· ··• ··· •··· 

NORMALLY OPES AU XILIARY CONTACT NORMALLY OPEN ARCINC CONTACT Arcing Horn 
Contactor for Movable 

Stationary Movable Shunt Stationary Movable Shunt Cc)ntac t 

-- ---- ------
CR2810-1549A 1977637Pl4 1977037Pl 144775601 1476440 1476440 1447754Gl M44088 CR2810-1842A. B 1977637P14 1977637PI 144775601 1476440 1476440 1447f5401 1'l44088 CR2810-1843A, B 1977637Pl4 1977637PI 144775601 1476440 1476440 144775401 M44088 

NORMALLY CLOSED CON7ACT 

Contactor 
Stationary Movable Shunt Operating Spring Contact Spring 

CR2810-1513A 2457337 2457351 366756401 216683 2413:199 CR2810-1549A 495985401 495985402 4959811 GI 2415330 2415:159 CR2810-1569A 2447762 5350495 431101203 2415330 2414881 CR2810-1570A 2447762 5350495 431101203 2415330 2414881 

7 
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4-46 (2M ) 

WHEN SERVICE IS REQUIRED 

GENERAL ELECTRIC operates 23 apparatus service shops strategically located and 
competently manned by trained personnel. Each shop is a comple te service unit 

with modern equipment for repairing, reconditioning, and re building G-E apparatus to 
factory specifications. The services of these shops are available at any time of day or 
night for work in the shops or on purchaser's premises. 

SHVICE SHOI' 

Atlonto, Go. 
lluffolo 11, N. Y. 
Charleston 28, W. Vo, 
Chicago 7, Ill. 
Cincinnati 2, Ohio 
Cleveland -4, Ohio 
Dollos 2, Texos 
Detroit 2, Mich. 
Houston 1, Texos 
Konsos City 8, Mo. 
Los Angeles 5-4, Colif. 
Milwaukee 3, Wis. 
Minneopolis 1, Minn. 
Ne w York 1-4, N. Y. 
Philodelphio 23, Po. 
Pittsburgh 6, Po. 
St. Louis 1, Mo. 
Solt Loke City 9, Utoh 
Son Diego 1, Colif. 
Son Francisco 7, Colif. 
Seattle -4, W osh. 
West Lynn 3, Mou. 
Youngstown 3, Ohio 

GENERAL ELECTRIC APPARATUS SERVICE SHOPS 

ADDRESS 
-496 Glenn Street, S.W. 
318 Urban Street 
306 MocCorkle Avenue, S.E. 
8-49 South Clinton St. 
215 West Third Street 
-4966 Woodland Avenue 
1801 North Lomor St. 
5950 Third Avenue 
1312 live Ook Street 
819 Eost 19th Street 
733 Bonning Street 
9-40 W. St. Poul Ave. 
-410 Third Ave., N. 
-416 West 13th Street 
-429 N. Seventh St. 
6519 Penn Avenue 
1110 Delmor Avenue 
1-41 South Third West St. 
20-45 Kettner Blvd. 
361 Bryon! Street 
1508 -4th Ave., South 
920 Western Avenue 
121 East Boardman St. 

OAY l'HOHE 
W Alnut-9667 
HU-58-49 
2-6177 
Wobash-5611 
Pa rkway-3-433 
EN--4-46-4 
R-9121 
TRinity-2-2600 
C-9711 
Victar-97-45 
Madison-7381 
Marquette-5000 
Main-25-41 
Wickershom-2-1311 
Pennypacker-9000 
Atlantic-6-400 
Chestnut-8505 
-4-1892 
Fronklin-7 68-4 
00-37-40 
Elliott-1778 
Ly-3-6000 
Youngstown--4-4331 

APPARATUS DEPARTMENT 

GENERALfl}ELECTRIC 
SCHENECTADY, N. Y. 

HIGHT PHONE 
W Alnut-7859 
Rl-7579 
3-12-4-4 
Wabash-565-4 
Parkway-3-433 
EN--4-46-4 
l --4111 
TRinity-2-2606 
C-971-4 
W Abash-3850 
Madison-1813 
Marquette-5002 
Main-25-46 
Chelseo-2-B390 
Pennypacker-8-4-48 
Atlontic-6-408 
Chestnut-3899 
6--4-4-48 
Glencove-5-367 5 
DO-37-48 
CA-3679 
ly-3-6008 
Youngstown--4-4331 

S ut,,rsedini GE.H-t0~9A 

,::~ 
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G EJ- 1 660 

INSTRUCTIONS 

A-C MAGNETIC SW'ITCH 
CR281 l -C24-B AI SO FORM . . . SWITCH • Tlw , annus fo rms f>f 1 !11;; s \\'11 "11 <·,msi,;i of a 

l \\'O-pnlv (nr mnrl·). 1.-iO-;t111p<TL' <·011t;l('tnr ,,·ith 
;wcL·ssnril'!- c;u it :1 hll' for push -b u I l 1111 <·nn l rnl. Thl' 
111;1xi11n1111 ampl'rt' ra1i11g;s r,,r t hvsl' swit1·hl'S :ire 
J .)() ;1111perl'S for "Pl' tl s\\'itd1 :111d I :t-> :1111pc'n·s 
for l'lll'lnscr! 1-wil('h. Fig. I is :t typl(';i] l'X.tmpk. 

I . ... , 

INSTALLAT ION 

l{l'IIW\'l' l lw hi11di11gs frn111 t h l' an· ch11ll'S 
a tH I arm:i l u rl' . 
Tl10rnughly n·111m·l· t lH' ru ;;1-i11 hil,i t i11g 
111,ttl'ri:tl \\'hi ,·!i 1·r,,·<•rs t Ii .. 111.1g;m·t S<•,tling 
S U r fal TS. 

:; lkf11rL· :1pply111g Jl''"'\'I' 111 till' 1·n11t :ll't1Jr , 
npc·r:1t l' t hl' 11111,·i11g; p:1rts hy ha11d tr, 

111:tk<· surv lhvy n p<•r;1t1· frL'l' ly 

MA INT ENANCE 

Tlw Sl': tli11g surL11Ts n11 t lH' 111:1g11\'t fr;ime a11d 
:1rn1:11 un· shn11ld lw kl'pl d(':111. 

l)n 11,1\ l11hril':tll ' tips. 111 g,·11,•r;il, lips \\'ill Jln\, 
rl'quirl' atll'll\11111 duri 11g 1!J .. 1r 11nn11;il lifL·, 1,ut 
if pr,,111111<•111 ill'aci-; 1·11n 11 <)II t 111' su r f: 11 ·,·, tlw ,·,,11-
1:wt fan·s sh11uld I,,. dr,•s,-;\',I \l'i1h ;, fi11v !ilv 

..... , cll'l <'l'l1li1:l' t Ill' ,., ,11d1t 111 11 11f t lw ,·n111 :1<'1s. 

~ l, ll'k l !,,, <·,1111,11·1 ,,r , l, ,s,·,1, :q1pl_,·i 11g f,,n·,· t,, t lw 

111;1g11l'i l.1111111.tli1111s .i11d 1111\ till supp11rtilll.! 
hr:11 kvt :111d 111<-;1su n · l 111· g:ip ill't \\'<•1·11 t hL· ,11,,,•_ 
;ti,J., lip :111d tip supp!irl ,ti p,1 i11t (.\ ), Fi g. I . 

\\'lH·11 tliis gap is 1
1,, 11H'h ,, r ks,;, 11!1· tips should 

iii' l'l'lll'\\L'il 

To Renew Stationary Tip~ 

!~ 1•111,,, ... thl' ;in· ,·hull's I,\· sl idi11g t hL·m up­

\\·:ml ""' thl pn1,i(·1· t i1111 .. r till Sli1l11111;i ry lip 

;1n·111g h .. n ,. l<L'l111l\'t• --:1-i-1·\1-, I H i .i11d thL 11111\'­
;ti,ll' lip :1n h11 n1 s :\,·xt l, 11,sl'll s,T,·1, 1C) sulli­
<'ll•111I:- 1 ... ill11\\' ,il'lllilllll'L \11 lljll'll l1l'y1111cl lhL 

-

·1n11;1t lll'l' stnp Tlw sl111 tl'cl st.ii i1111:iry tips 111:1y 
\\' 1)(' 1'1'11111\'l'd hr l<H>S,·11111g s,·n ·11·,; t D ) and 

I r:1\\'i11g l hl'111 fllr\\':tnl It is 111 ,t 11,·,·L·ss:1rv \11 
J'\'lllll\'l' St'i'l'\\'S ( I) ) 1·11111pl,•l(·I\' 

To Renew i\fol'ablc Tip~ 

I 1\svrt :i s,-r,·\\' dn \·,·r i11 I h,· t11p of Lill' spri ng 
[II p 1 >i11t 1(;) .tnd slidl' tlw sp ring t!J)\l'ill'<I 11u1 
nf its holcll'r Till' S('J'L'\\' h11lcl111g t l1 v I ip \!I I ill' 
s hunt i~ t hL'tl L'XJl<>SL'd f11r rv1 1111,·:tl T ,, rl'J)l,H'l' 
lhl' spri11g. sl i<k t hc 111,,,·;tlil<· tip f11r\\':trcl and 

•

'H'l' l hl' l'lld nf l hl' spri 11g 11\·vr t hl' sen •,,·. 
iwn ~lid .. both spring ;111<1 tip h:id::w:ircl into 

placl' . . \ fter rc:1ssl'111bling I ill' ar<-i11g horns, the.: 

gap l1l't\H'l' JI till' l'lld (li thl' h,irn .:11 1d till· s1:1 -
t io11:1ry (ip sh,iuld i>l' 1

2 in l'h p lus ,ir 111i11us 1\. 

To Renew I ncerlo ck Tips 

Th .. ,·11tirl' i11t,·r lnck s hould lie rL'11\11\'l'ci frrn1 1 
tht· l'<i11t:ll'tnr hasl' by 1-cm<>\·i11g S(' rl'W ( E ) f11r 
rl'pi ,HTllll'JI( "f th\.' intl'rl<ll'k ti ps. RL·111<•\·i11g 
scrvws ( F ) pnmi ls ,·ompldl' dis:1ssl'111hly nf till' 
i11tcrl1H'k 1111il. 

To Reassem ble Norma lly Open l n1c rlock 

.\ ss,·1111,lt- till' p:trt s n11 t lw 11pl'r:i l i11g r"d :,-, 
s il,,,,-11 i11 l•' ig. I. l'l:t<'l' tlw vnti rl' ;1,-;s,·11Jl,I\· 1111 
t ill' 11111\d vd I ,:isl' ,1·1L 11 the l"ng,·r Jl' in 1, 111 , ii I lw 
npl'r:i1i11g rt1d tm,·:inl till' 1·t11\\ :l(' t1 ► r :11111 r .. pl :w,· 
sn<·,,·s ( F ) ('lwd.: t" SL·c tlwt tilt• 11p,·r:,ti11g 
r11d 11111n·s \\'ii li11ut hi11di11g. 

To Reassem ble Norma lly Closed I ntcrluck 

.\ ssv111hil' t lw p:lr( s on till' npl'r:1 1 i11g r11d :1s 
sh()\\'IJ i11 Fig. :!. l'ompkll' rL•;1SSL'11llily i11 1 h,· 
111:1i \111·r <l, ·s,Til ll'd f()r thl' 11 11r111:tlly 111H ·11 i11t,· r­
!1H'k 

To Renew Coil 

l{vi\111\·1· 111<· :1n · ,·hutl'S as <il--.,Til"·1l 11n·\·11,usly 
L1111Sl' ll SlTL'\\'S I ll J su!fo·il'lltly t1> ;dlll\\. :trt· lilll'IIS 
t11 ill' tur11l'il d11\\'J1 11\'L'r l11ad ('lllllll'<'l i,11is >-l :--.1 
i'l'tl1<1\·l' s,TL'\\' (C) :111d ;;nJ1:1lurl' s t 11 p ( I{ I. Tl1i~ 
J>L'l't ll il ;: tlil' ;1n11at11rL' to l,l' npl' ltl'd 111 its 11 1: ,,i-
111 u111 :111111111 \I. Thl' ('() i i 1·;111 J1 ,.1,· IH· n•1\J11\ l'il 
liy dr:11,·i11g it 11111,,·:1 r<l ilncl turn ing ti ,·l,wk \\'1 '-" 

1!,n1llgh thv " })l'llin_g ill't \\'L'l'l1 ti,, , 111:1g11l'I :11HI 
th, ,·,111 s1q1pr,rt strap 

REt E\\'l AL PAl{TS 

\\'l ll'11 11rd .. ri11g rv11vw:t! p:irb, n·f,·r 111 thv 
lll':t rl'st ~ak-s (li'lin· 11f t lw (;till'r:11 1~1,·< ·tri, 
C 't1111 p:111y , gi\·ing llw 1·nmpll·ll' 11a111q1latt· rat­
\11g, I ill' ( ' ; ti N1>. :i rll'snipti"11 of I ill· p;1n 
\\':tllll'd, ;111d till' q11a11t ity dl'sircd . 

Mo~oble 
con roct 

~ -O per'0 hng 
r od 

* Sp,1110 A 

Fig. I 

S1ot1onory 
contacts 

Movable 
c ont oc1 

Fig. 2 

t Sprrn,• :-\ ha-:. ;L ( n ·c lcn)..'t h ni appro,\. U.li I 111. 
,. Spr111,• B has .1 fn.'t.· h.:nrth ui aµµro:-. I .(ifJ 111 . 

f l"h t• lt·IH!lh nf the sprin..! when in 11r1thl' r tt.•n-.i1111 IIIJI ('0111prcs~11,1i 

1s i1 s irt•f" l••f'Wl h) 

GENERAL . ELECTRIC 
S CHENECTADY, N . Y. 

.------~ 
' ' ' ' ' 

M ,, 

'i,.(,~"'.-:,d btO•f I ,,, 11,~Ji 

For Seporntc Conlrol· I•~• 11111,· f· wtrl' A .111•1 1011 \ti!, ,11111,I -.0 1nn 
(q ,'.\11 I H!l 10,I .11 · 1\ \., '.i 1 )0 J}ll'.h !111111111 

For l-phnse 4 -v.r irc· Opcrntton: \\'ht•rc 11 .. , p,,.!111'1tt·d h,· l1 11 :ii 1·11dl's 
LI 111,1\ l ,1 l,n1n1·cl1 I t,1 Ti:-tsshn\\ 11 I,, d , 11t1ilhnt· 1•1 11ai..•r:1m. 
LI L,: I 1111.,-.t '.\u. I I.:! I. I IS ph;, t· ~q :.! 

For 2-phas<' J-wirc Opt•rnl!on: L:< :wd 1.1 ;11, 1·1111.1111111 l111t· l ·1r1:u1t. 

Fig. J . Typica l wiring d iagram 

M D P 

I 

B T E 

F ig. 4 . T ypical m agne tic switch with arc chute 
and a rcing h orn removed from third pole 

l{d 
Let­
te1 

I I 
I 
K 
L 
\I 
\l 
I' 
(J 

I{ 

:.; 
T 

PRIN CIPAL AND RENEWAL PARTS 

I h- ,, 11pt 11 111 

.\ r, , li11 1 ,. 
(~11111,11 t pn11t.~ 
.\ r, IJ,,rn 
!--iilt1ll l ;1:-, ... t 11 ,hh 
\ l11,. ll ilt.• 1·11111:, ,·t 
S t :1t•o11;11 \ ,·on tai·t 
Cun t 1nl 1;'1"111 111:11.. 
('n,I 

.\ r111;i t 11 re •,top 
i\ nu.ilurl' 
Eil'dril'al interlol'k assembly 

!i\ll il>ll:!!I(; I 
:! I Iii 1:1~ 
K:.!XIH)HfiPI 
fi\Hi:l I 111(; :1 
fi!HIX,-,.1:; 
,-,:i,-,:! I I !I 

O rd er I" ~o 
1narkcd on 1'tJil 

wigfi
Stolen 2 Line Transparent
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GEH-8!5E 

INSTRUCTIONS 

CR2820-1054 TIME RELAY 

I 

GENERAL. ELECTRIC 
SCHENECTADY, N,Y, 

wigfi
Stolen 2 Line Transparent
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CR2820-1054 TIME RELAY 
The CR2820-1054 relay is designed primarily 

as a d-c instantaneous pick-up, time delay drop­
out relay. It may also be utilized as a d-c volt-

Fig. 1. CR2820-1054B Relay 

age or current relay with an adjustable pick-up 
and relatively low drop-out voltage or current. 
If a source of d-c voltage is not available, the re­
lay may be energized from an a-c source through 
a copper-oxide rectifier. 

If the relay coil is short-circuited when ener­
gized, the current in the coil and the flux in the 
magnetic circuit will die out slowly. As indicated 
in Fig. 3, for armature spring force (P l), the 
armature will release at time (Tl), while if the 
spring force is decreased to (P2), a further de­
crease in flux is necessary before the armature 
releases, and the time delay is increased to (T2). 
Since the flux density in the magnetic circuit is 
above the point of saturation when the armature 
is closed, the time adjustment is substantially 
independent of the usual variation in line volt­
age. 

For certain applications it is more convenient 
to initiate the time-delay drop-out of the relay 
by opening the coil circuit instead of short­
circuiting the coil as described above. For such 

3 

applications coils are supplied which have a 
cylindrical copper jacket around the core of the 
relay. When the coil is de-energized, the decay 
of flux induces in the copper jacket a current 
which dies down relatively slowly, and the 
resulting slow decay of flux gives a time-delay 
drop-out in the same manner as described in 
the previous paragraph. 

When applied to the usual type of d-c steel 
mill or crane control equipment, this relay serves 
three separate and distinct functions as de­
scribed below. 

(1) DEFINITE-TIME CONTROL OF 
ACCELERATION (CR2820-1054B) 

Fig. 4 shows this application of this relay. I t 
will be noted that the coils of the accelerating 
relays (lA) and (2A) are connected across 
divisions (Rl-R2) and (Rl-R3) respectively 
of the resistor . 

Fig. 2. CR2820-1054A Relay 

When the forward contactors (1F-2F) close 
and establish the armature circuit through the 
resistor, the voltage drop across division (Rl-R2) 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

GEH-86 E CR2820-1064 T1·me Relay 

Fig. 3. Flux-time Curve 

is applied to the coil of relay (IA), and the 
voltage drop across divisions (RI-R2), plus 
(R2-R3) is applied to the coil of relay (2A). 
The respective relay armatures close, opening 
the contacts of these relays. 

Assuming contactor (P) to close, as explained 
later in Section 2, its tips will short-circuit 
resistor division (Rl-R2), also the coil of relay 
(lA), and the magnetic energy stored in the 
relay (IA), due to the flux produced in the heavy 
iron frame, tends to dissipate itself as previously 
explained, until a density is reached such that 
the spring (S) exerts sufficient force to release 
the armature of relay (IA). 

This closes the contacts of relay (lA) and 
energizes the coil of contactor (IA). The closing 
of contactor (lA) short-circuits the coil of relay 
(2A), which in turn causes the release of its 
armature in a definite time and energizes the 
coil of contactor (2A). 

(2) C.E.M.F. CONTROJ,i OF PLUGGING 
(CR2820-1054A) 

When an equipment is subject to being 
"plugged," that is, reversed to insure a quick 
stop, division (Rl-R2) of the resistor is adapted 
to limit the current inrush to a predetermined 

Coil or Relay PF 

l coil of ~lay 2A 

Fig. 4. Elementary Connection Diagram 

4 

safe value (approximately 140 per cent). The 
resistance of division (Rl-R2) is such that in 
conjunction with divisions (R2-R3) and (R3-
R4) , the current inrush when starting from rest 
will not exceed approximately 70 per cent of the 
motor rating. Since the motor may not start 
on 70 per cent current, it is essential that 
contactor (P) close immediately when starting 
from rest, consequently a "Definite Time" 
adjustment sufficient to afford protection when 
plugging would seriously delay the mot.or every 
time it was started from rest. 

Because of this the normally open relays 
(PF) and (PR) controlling plugging contactor 
(P), Fig. 4 and 5, are actuated by a combinatio11 
of voltage drop across (Rl -R2) and C.E.M.F. to 

CoilolRt.le<jlA 

Fig. 5. Elementary Connection Diagram 

afford protection when plugging and to give 
instantaneous closing when starting. 

Referring to Fig. 4, the coil of relay (PF) is 
connected across th/ armature, the plugging 
division (Rl-R2), and the first accelerating 
division (R2-R3) of the resistor, this circuit 
being established through the interlock only 
when the " F orward" con tac tors (1F-2F), are 
closed. The coil of relay (PR) is connected in a 
similar manner except that its circuit is estab­
lished through an interlock only when the 
" Reverse" contactors (1R-2R) are closed. 

Assuming contactors (1F-2F) arid interlock 
to be closed, Fig. 4, the voltage drop across the 
resistor and the motor C.E.M.F. may be 
imagined as opposing t he applied voltage as 
indicated by the arrows. The voltage drop 
across the resistor will produce instantaneous 
pickup of the relay, which will be held closed by 
t.he C.E.M.F. and voltage drop across resistor 
division (R2-R3) after division (Rl-R2) is 
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short-circuited by contactor (P). This is also 
shown by the vector diagrams {A) and (B) in 
Fig. 6. 

If the motor is now accelerated to full speed 
in the cc Forward" direction and then plugged, 
the condition existing immediately after the 
cc Reverse" contactors (1R-2R) close is shown, 
Fig. 5. . 

Closing the cc Reverse" contactors (1R-2R) 
while the armature is rotating in the forward 
direction results in the C.E.M.F. being applied 
m the opposite direction, as shown by arrow 

Fig. 6. Vector Diagrams 

(A) in Fig. 5. This is also shown in the vector 
diagram (C) in Fig. 6. 

At the instant of plugging, therefore, the 
voltage across the coil of relay (PR) is practi­
cally zero, and it remains open. 

During the time of deceleration, the motor 
acts as a generator, and the C.E.M.F. is opposite 
in effect to the voltage drop across (RI-R2). 
The C.E.M.F. falls off to zero as the motor 
comes to rest, while the voltage across (Rl-R2) 
decreases from the maximum shown at instant 
of plugging to a similar value to that at starting 
from rest (vector diagram (A). Fig. 6). The relay 
(PR) will therefore pick up as the motor comes to 
rest (approximately) and will then energize the 
plugging contactor (P), and the acceleration is 
the same as previously described. 

The CR2820-1054A relay, when used for 
plugging, should be adjusted to pick up on the 
voltage drop across the plugging resistor (Rl-R2) 
when the motor is started from rest. It must 
not be set too low since, on plugging, the relay 
will close too quickly (producing an excessive 
current peak) while the motor is running at a 

5 

CR28£0-1054 Time Relay GEH-85 E 

considerable speed. This adjustment should be 
made entirely with spring (S), Fig. 2. 

(3) SEQUENCE INTERLOCKING 
Because of the relation that must exist 

bE:tween resistor divisions (Rl -R2), (R2-R3), 
and (R3-R4) to insure uniform accelerating 
peaks, that is, each succeeding division being 
proportionately smaller, it is necessary that the 
divisions be short-circuited in this order. After 
the line contactors close, contactors (P), (IA) 
and (2A) must close in sequence. This definite 
sequence of operation is ordinarily secured by 
means of interlocks on the contactors, each 
contactor having an interlock which must close 
before the coil of the succeeding contactor may 
be energized. Sometimes this interlock is part of 
a series cc current limit" attachment providing 
current limit control and sequence. 

Referring to Fig. 4 and 5, it will be noted that 
contactors (P), (IA) and {2A) are without any 
form of interlock and that the sequence of 
operation is assured through the method of 
connecting the accelerating relays. 

Plugging relays (PF) and (PR) cannot close 
until the reversed C.E.M.F. of the motor has 
almost reached zero, and the time accelerating 
relays cannot close their contacts until the 
preceding contactor has short-circuited the 
relay coil. For instance, accelerating relay {2A) 
will not permit contactor {2A) to close, until 
contactor (IA) has closed and short-circuited 
division (R2-R3) and the coil of relay (2A). 

ADJUSTMENTS 
When used as a time-delay relay, the time 

may be increltsed by reducing the force applied to 
the armature by the spring (S), Fig. 1, and vice 
versa. Remove cotter pin (K) to free the adjust­
ing nut and replace after the adjustment has 
been made. The approximate range of adjust­
ment for a given shim is shown in the table, 
Fig. 7. The armature spring force must be 
strong enough to hold the armature positively 
against the back stop screw, but must not be 
increased to a value where the armature will 
fail to close if the coil is energized when at its 
maximum operating temperature. 
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GEH-85 E CR!!Sf!0-1054 T ime Relay 

Approximate Time Ran9-Scconds t 
Shim Effective ldentiRcetion 

For Coils with Copper Jaclcet 
Qty Thickness Cat. No. in Inches 

New Old Material CR2820-1054B Other Forms 

---
1 5354688 .0005 LJLJ bimetol 

1 5155942 .001 ULJ bimetol 

1 5354689 .0015 ULJ bimetol 1.3-2 1.5-2 

, 

1 2451597 .005 LJ some bronze 0.9-1 .6 1.3-1.6 

1 8616834 .007 ~ some bronze 0.75- 1.4 1-1.4 -

1 2450533 .010• LJ some bronze 0 .6-1.25 0.75-1 .25 

1 8047765 .015 EJ[J bronze 0.4-0.8 0.5-0.8 

1 2439592 .020 w same bronze 0 .35-0.7 0 .4-0.6 

2 8047765 .030~ W□ bronze 0 .2-0.35 0 .25-0.35 

1 1453458 .060 LJ some bronze 

•~ ahlm for alffl~mlH HrriN. 
t»u:1111om time le Ndoe.d-.bout. ao M.r oent fw ,.....,. harinc- four dio\lbl•bN&lr ~ntact., or two fln,:...,.in,e C'OllltaC!U aACI one or ll'ION doa.bl.,.b,... eontacta. 
♦Two ahl.ma Hrh .OIi ineii thlrir. 

Fig. 7. Shim Data 

6 

For Coils 
Without 

Copper Jaclcet 

1.5-2.5 

1.3-1.9 

0.8-1.3 

0 .65-1 .15 

0 .5-1 

0.4-0.7 

0 .25-0.45 

0.15-0.25 

wigfi
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If the desired time cannot be secured by ad­
justment of the armature spring pressure, it 
may be necessary to utilize a shim of different 
thickness. For the frequent operation encount­
ered in steel-mill service, the use of shims thinner 
than 0.010 inch is not recommended. The 0.010-
inch thick shim is otdinarily supplied with the 

5 mil Shim cat.Ho. 2451591 
10 mil Shim Ce.t.No.2'50533 Cont.act. Screw 

with Cont.a.ct 
Cat.No.2&402196I 

Fie, 8. Renewal Parts for CR2820-1054B Relay 

and make sure that brass screws (not steel 
screws) are used to fasten the shim in place on 
the armature. The effective air gap in the mag­
netic circuit when bimetallic shims are used is 
so small that such factors as accumulation of dirt 
particles, or mechanical wear will tend to affect 
the t iming to a greater extent than when thicker 
shims are used. 

In addition to affecting the amount of time 
delay, the shim prevents residual magnetism in 
the magnetic circuit from holding the armature 
closed indefinitely. A shim must always be used. 
While it may appear possible in some cases to 
secure a relatively long time delay by omitting 
the shim, the time is likely to be erratic, and it 
is probable that after a few operations the re­
sidual magnetism will prevent the armature 
from opening at all. 

For the -CR2820-1054B relay, the armature 

7 

CR2820-1054 Time Relay GEH-86E 

relay unless a shim of different thickness is 
required to secure a longer or shorter time forcer­
tain applications. 

If bimetallic shims are used, see that the 
bronze side of the shim is next to the armature, 

~ 

5pring 5 
t. .235134 

I 
M 

N 

:=J 
p '\( with 

armaturQ closod 
ng CalHo. 24 t.,ct finger 

t .No.144)0,t 

Contee Tip 
cat.No.1416332 

Fie. 9. Renewal Parts for CR2820-1054A Relay 

back stop screw is normally adjusted at the 
factory to give a gap of -h inch at (G), Fig. l, 
with the armature closed, and it should not 
ordinarily be necessary to change this adjust­
ment. For the CR2820-1054A relay, and for other 
forms without magnetic blowouts, gap (H), Fig. 
2, should be ¼ inch. For CR2820-1054 relays 
with magnetic blowouts and arc chutes, this 
gap is usually -h inch. · 

Armature (M) may be easily removed without 
disturbing the calibration by removing cotter 
pin (I), while to change the calibration it is 
necessary to remove cotter pin (K). 

RENEWAL PARTS 
When ordering parts other than those shown 

in Fig. 8 or 9, give the complete nameplate 
rating of the relay and describe the part in 
detail. 
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WHEN SERVICE IS REQUIRED 

THE facilities of our engineering divisions and factories are available to 
purchasers of G-E apparatus through G-E service shops and sales offices, 

a list of which is given below. 
When it is necessary to renovate, repair, or change apparatus to meet a 

new operating condition or a new application, the facilities of the nearest 
G-E service shop are at your disposal. Each of them is equipped to turn out 
work of the same high quality, both as to workmanship and materials, as at 
the factory. If it is necessary that the work be done on the customer's premises, 
the service shop is prepared to send trained, competent, and dependable 
men who will do it promptly and efficiently. Similarly, the sales office nearest 
you will be glad to help you with any engineering problems that may be 
involved. 

SER VICE SHOPS 
Atl&nta, Ga ..... .. . . ..... , .. . 496 Glenn Street, Southwest 
Buffalo 11, N. Y ............. ... . ... .... 318 Urban Street 
Charleaton 28, W. Va ... . 306 MacCorlde Avenue, Southeast 
Chicago 7, 111 •....•. •.•.•.• , •••. 8'9 Sout h Clinton Street 
Cincinnati I!. Ohio .... ....•.. .•. . •. 216 Weat Third Street 
Cleveland 4. Ohio , . .•..•• • .•. • . .. 4966 Woodland Avenue 
Dallaa 2,. T exaa .. ........ . ...... 1801 North Lamar Street 
Detroit ;,, Mich . ..... ...•.•.. ...... . .. 5950 Third Avenue 
Houston I, Texas .... .•. . ... . . ...... 1312 Live Oak Street 
Kanaaa City 8. Mo ...... .. . . . . 819 East Nineteenth Street 
Lo, AOielea 64, Calif ... . ... . .... ...... 733 Banning Street 
Milwaukee 3, Wis ................ 940 W eat St. Paul Avenue 

Minneapolis 1, Minn •.••••••••••• 410 Third Avenue, North 
New York 14. N . Y .... . ....... 416 West Thirteenth Street 
Philadelphia 23, Pa .. ... .. . ..... . 429 North Seventh Street 
Pittsburgh 6. Pa .. ..... ........... . . . . 6619 Penn Avenue 
St. Louie 1. Mo .. ....... ..... . ... . 1110 Delmar Boulevard 
Salt Lake City 9. Utah . .. . • . . ,141 South Third West Street 
San Diego, Calif •. .. . .•••••• . .. .. 2046 Tettner Boulevard 
San Pranciaco 7, Calif ........ . ... . . . ... 361 Bryant Street 
Seattle 4. Wash ....... . .. . .. . . 1608 Fourth Avenue, South 
Weat Lynn 3. Mau . . ....... . . ....... 920 Western Avenue 
Youngstown 3, Ohio ... • .... •... 121 East Boardman Street 

Special aervice diviaiona are alao mAintained at the following Worka of the Company> Erie. Pa. ; Pt. Wayne, Ind.; 
Pittsfield, Mass.; Schenectady. N . Y.; and Weat Lynn. Mau. (West Lynn Works) 

APPARATUS SALES OFFICES (Address nearest office) 
Akron 8, Ohio ... ......... . . . . . ... 336 Sout h Main Street 
Atlanta 3, Ga •.....•. . ...... 187 Spring Street, Northwest 
Baltimore 1, Md . .. . ... ... . . ... . 39 West Lexin.11ton Street 
Bea1>mont , Texas .... .... .•...... .. • . ... 398 Pearl Street 
BiOihamton, N. Y ... . ........ .. . . . . . . 19 Chenango Street 
Birminaham 2, Ala .......... . 600 North Eighteenth Street 
Bluefield, W. Va .. .. ......... . . ... . . Appr.lachian Buildin11 
Boston 1. Mass .. ..... . ...... ..... ..... 140 Federal Street 
Buffalo 2, N. Y •.• . • ... •.. .... . . . . . 1 West Genesee Street 
Butte, Mont ... . ... . ... .. . ........ 20 West Granite Street 
Canton 1, Ohio ......... ..... 700 Tuacarawas Street, West 
Charleston 3, S. C . • . . . .................. 18 Broad Street 
Charleston 28, W. Va .. . . 306 MacCorkle Avenue, Southeast 
Charlotte 1, N. C .. ... . .. . ........ 200 South Tr~on Street 
Chattanooga 2, Tenn . . . . . . • .. .. . .. . . 832 Georgia Avenue 
Chicago 7, Ill .. ..... . .. . . . ........ 840 South Canal Street 
Cincinnati 2, Ohio ..•...•. . . . . .. . . . 215 West Third Street 
Cleveland 4 . Ohio .. . ••. ••• . . .•... 4966 Woodland Avenue 
Columbia 23. S. C . . .... . ......... 1226 Washington Street 
Coh1mbua 16, Ohio, . , , , , , • , •. , ..•• 40 South Third Street 
Dallu 2, Texas ............... .. 1801 North Lamar Street 
Davenport,_ Iowa ........ .. . .. , .... . 611 Penhin~ Avenue 
Dayton 2, vhlo ...... . ... . .. . . .. .. . . 26 North Main Street 
Denver 2, Colo ............ . . ...... 650 Seventeenth Street 
Detroit 2 , Mich •. . .....•• . . ........ 700 Antoinette Street 
Duluth 2, Minn, ..•......... .. ... 14 West Superior Street 
El Paao._ Texas . ......... .. . .... . 109 North Oregon Street 
Erie 2, ra .. ... . .. . ........ ..... .. 10 East Twelfth Street 
E van1ville 19, Ind •. , ...... , . . 123 Northwest Fourth Street 
Fairmont, W. Va ............ . . ... .. . 511 Jacobs Building 
Port Wayne 2. Ind •.. . . . .. . .. ...... 127 West Berry Street 
Port Worth 2, Texas . . . . . ... . .. . .408 West Seventh Street 
Grand Rapids 2, Mich . ... . . 148 Monroe Avenue, Northwest 
Hart(ord 3, Conn •. , .. .. .... ..... . , ... . 410 Aaylum Street 
Houlton I. Te xa1 .......... . .. .. . ... 1312 Live Oak Street 
lndianapoli1 4, Ind ....... . . ..... . 110 North Tllinoia Street 

iEckson, Mich .. . ... . .... . .... 212 Michigan Avenue, West 
cksonville 2, Pia •..•....... . . .. 237 West Forsyth Street 
nsu City_ 6, Mo .... , •...•.. 106 West Fourteenth Street 

Knoxville 08. Tenn •... • ... • ... ..... 602 South Gay Street 
Los Angeles 64, Calif . . ..•.•... • .. 212 North Vignea Street 
Louisville 2, Ky .. . . . .. . ...... ... 466 South Fourth Street 
Memphi1 3, Tenn •• •• . . , • , . , • ... . . .. 8 North Third Street 
Miami 32, Fla .... . . . ........ . 26 Southeast Second Street 

Milwaukee 3. Wis •.......... ... 940 West St . Paul Avenue 
Minneapolis 2, Minn . .. . . . ... .•• . . .. 12 South Sixth Street 
Nashville 3, Tenn .. .......... ... 234 Third Avenue, North 
Newark 2, N. J . ............ ... . ... . .... 70 Broao Street 
New Haven 6. Conn .. .. ......• . • • , . , .• 129 Church Street 
New Orleans 12, La .... . . .......... ... 837 Gravier Street 
New York 22, N. Y ... .. . ......•••. 570 Lexington Avenue 

~~f~f; 1~~a~: .~·::::::::::::::::::.·.2.~f'D~~f ~:~~ 
Oakland 12. Calif .. .... ........ . .. .. 409 Thirteenth Street 
Oklahoma City 2, Okla ....... . . 119 North Robinson Street 
Omaha 2, Nebr .. ..... ..... . 409 South Seventeenth Street 
Philadelphia 2, Pa. , .. .. • ••••. •..... ... 1406 Locust Street 
Phoenix, Ariz .. .. .......... . . . .. 436 West Madison Street 
Pittsburgh 22, Pa .. ......... ... . . ... 636 Smithfield Street 
Portland 7, Ore . • . . .•....... .. 920 Southwest Sixth Avenue 
Providence 3, R . I ... . ..... . . . . . .. lll Westminster Street 
Reading, Pa ... . ........... .... , . .. 31 North Sixth Street 
Richmond l 7'vVa,, •.. , . , .... ... . 700 East Franklin Street 
Roanoke 11, a .. ........... . , . 202 South Jefferson Street 
Rochester 4, N. Y ..... . ........... .... .. 89 East Avenue 
St. Louis 2, Mo ..... , . • . , •• , ..... 112 North Fourth Street 
Salt Lake City 9, Ut ah . . .... ....... 200 South Main Street 
San Antonio 6. Texas., •• •.• , .. 310 South St. Marv's Street 
San Diego 1, Calif ... ..... . .. .. ... ... . . 861 Sixth Avenue 
San Francisco 4, Calif . • , .• , • , ... . . 236 Montgomery Street 
Schenectady 6, N. Y .•.•.• . , ... . .. .. •.. .. 202 State Street 
Seattle 11. Wash ..... , ......... . .... . 710 Second Avenue 
Shreveport B, La, ..... . .... . . , ... .... 206 Market Street 
Spokane 8, Wash .. . .. , •.•........ . .421 Riverside Avenue 
Springfield , ru .. . .... ........... ... 607 East Adams Street 
Springfield 3, Mass . . .. . ....... .. . ..... . 1387 Main Street 
Syracuse 1, N. Y .... ........... .. . 113 South Salina Street 
Tacoma 1, Wash ... .. . ..... . . .... . . . . 1019 Paciijc Avenue 
Tampa 6, Pia ... .. . . • .••.. . . . .. . .. .. 1206 North A Street 
Toledo 4, Ohio •..•....• , , .. . . .. .. . . 420 Madison Avenue 
Tulsa 3, Okla., ... .. . , .... . ... ... 409 South Boston Street 
Utica 2, N. Y ... ..... . , .. , ... ....... . 268 Genesee St reet 
Washington 6. D. C .. .... . 806 Fifteenth Street. Northwest 
Waterbury 32. Conn .. . ,., , ,, , ..• . .. 111 West Main Street 
Wichita 2, Kan .. ... .... . .......... •. 102 South Broadway 
Worcester 8, Mau .. .... . .......... 165 Commercial Street 
Younastown 8, Ohio . .. .. . ...... 26 Eut Boardman Street 

Canada: Canadian General Rlectric Company, Ltd .. Toronto H awaii: W. A. Ramsay, Ltd., Honolulu 

9-44 ( 17 M) 
Pilio1 No. ~ 

0-E product• can also be obtained through Agentl and Distributors lneated in principal cities and town1 

GENERAL.ELECTRIC 
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INSTRUCTIONS 

CR2820-1099 

A-C MOTOR-OPERATED 
DEFINITE-TIME RELAY 

GENERAL.ELECTRIC 
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w Motor f rame 

F Y X R G E C 

Fie. 1. CR2820-1099 Relay with Cover Removed 
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Fie. 2. Another View of Relay Shown in Fie. 1 
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CR2820-1099 

A-C MOTOR-OPERATED DEFINITE-TIME RELAY 

Opention 
T he CR2820-1099 time-delay relay is driven 

by a synchronous motor suitable for use on 
alternating current only. When the relay is 
energized,, the solenoid engages the motor with 
the contact-operating mechanism; a tap on the 
solenoid provides the correct voltage for the 
motor. After the predetermined time interval 
has elapsed, the normally open contact (TC) 
closes, the normally closed contact (TO) opens 
(See Fig. 3 and 4), and the motor cutout switch 
(TO) disconnects the motor. The contacts remain 
in the timed-out position until the relay is 
de-energized, at which time the solenoid drops 
out and the contacts are reset instantly to their 
original position. 

An interlock contact (J), Fig. 2, is provided to 
establish a holding circuit when the relay is 
energized from a momentary-contact push button 
as shown in Fig. 3. This contact is normally 
open, and closes when the solenoid is energized. 

The time setting may be adjusted by releasing 
the locking spring (B) and turning the calibrat­
ing dial (A) until the locking spring is dropped 
into the slot marked with the desired time. The 
dial is calibrated either in seconds or in minutes, 
depending on the maximum time obtainable. 

Certain relays (such as the CR2820-1099-P, 
-Q, -R, and -S) have a metal driving gear on the 
motor shaft, while others (including the CR2820-
1099-AB, -AC, -AD, -AE, -AH, -AJ, and -AP) 
have a rubber disk on the motor shaft which 
drives by friction the metal gear on the cali­
brating unit assembly. 

Replacing Solenoid or Coil 
The solenoid consists of a frame, a plunger, a 

coil and two springs. 
First, it is necessary to remove the four screws 

(H) and remove the solenoid and plunger from 
the base. This frees the plunger from the operat­
ing arm and the plunger (C) may then be 
removed. Then take out cotter pin (D) and 
springs (E). The coil may then be removed. 

Before reassembling the solenoid the sealing 
surfaces should be cleaned (that is, the upper 
end of the plunger and the surface of the frame 
against which the plunger seats). The color­
coded coil leads should be connected as shown 
in Fig.-!. 

Maintenance of Relay 
The silver contacts should not require any 

attention until the silver has worn almost 
completely away. To replace the interlock 
contacts remove screw (J). The movable 
contact and spring may then be removed and 
the stationary contact may be removed by 
unscrewing from the front of the base. 

To replace the main contacts, first remove 
screws (G) and the calibrating unit assembly. 
The movable contacts may then be taken off by 
removing screw (F). To remove the stationary 
contacts first take off nut (M) and remove the 
complete movable contact assembly. T he sta­
tionary contacts may then be unscrewed from 
their studs. On relays having a metal gear on the 
motor shaft, before tightening screw (M), the 
contact arm resetting spring must be wound up 
by inserting a screwdriver in the slotted end of 
shaft (N) and giving it three turns counter­
clockwise. With the spring held in this position, 
t ighten nut (M). In replacing the calibrating 
unit assembly on the relays having a rubber 
driving disk on the motor shaft, see that t he 
pivoting bushings are replaced with screws (G) 
and that washers (R) are inserted between the 
two brackets of the calibrating unit assembly. 

To replace the gear shaft return spring, 
remove the calibrating unit assembly as described 
in the preceding paragraph. Then remove nut 
(K), take off the calibrating· disk, and pull out 
the gear shaft. Insert one end of the new spring 
through the hole provided in the calibrating­
unit bracket on the gear side. Insert the gear 
shaft through the spring and slip the loose end 
of the spring through the hole in the trip arm. 
Push the gear shaft through the bearing and 
trip arm and assemble the calibrating disk 
and nut (K). Bend over at right angles the end 
of the spring projecting through the calibrating 
unit bracket. Pull out the other end of spring 
1½ inches, bend at right angle, and cut off 
excess wire. Care must be taken in assembling 
the calibrating disk back on the shaft to have 
the forked portion over the projection on the 
bracket. 

In replacing the latch spring, insert one end of 
the spring through the hole in the latch arm, 
tighten the spring by giving it ½-turn clockwise, 
and reset the other end in the slot provided in 

wigfi
Stolen 2 Line Transparent
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the end of the shaft. Pinch the slotted end of the 
shaft together to clamp the end of the spring in 
place. 

For relays having the rubber disk on the 
motor shaft, the rubber disk should be replaced 
if it has worn so the gap between brackets (X) 
and (Y) at point (W) is reduced to -h in. 

Fie. 3. Connection, .;,ith Momentary-contact 
Push-button Station 

Fie. 4. Connections with Maintainine-contact 
Master Switch 

NOTE: If the relay studs in Fig. 3 and 4 are con­
nected by a punching, as indicated , the punching should 
be removed unless the wiring diagram shows these 
studs connected together. 

10-47 (6SOO) 

Add eontrol 
circuit to 
thi• •idt. 
of eoil 

Lin• volt, 

~ol•nold 

T.O. 

Fie. 5. Elementary Connection, 

Renewal Parts 
Renewal parts should be ordered from the 

nearest Sales Office of the General Electric Com­
pany, Cat. No. as listed below: 

Cat. No. 
Movable contact for interlock . . .......... 380565808 
Stationary contacts for interlock, for nor-

mally open and for normally closed con-
t acts . ................. . ............. 380565iG 1 

Movable contact, normally open or normally 
closed .. .. . .......................... 490168101 

Torsion spring for latch arm . ............... 2413952 
Compression spring for motor cut out switch 

contact ... ... . ........... . ............. 2412941 
Spring for interlock contact ................. 2411917 
Gear shaft return spring .................... 2413999 
Torsion resetting spring for contact arm 

(omit for relays having rubber disk drive) ... 2414157 
Spring (S, Fig. 2). Used only for relays hav-

ing rubber disk drive ...................... 235182 
Rubber disk, H in. diam for 2- 20 and 4-40 

second relays (if used) . ....... . ........... 5181591 
Rubber disk, ff in. diam for other relays (if 

used) ............................... . .. 5352523 
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GEH-1141A 

INSTRUCTIONS 

CR2820-1729 DEFINITE-TIME RELAY 

The CR2 20-1729 definite-time relay pro-
vides 2, ..J., G, or contacts with independent 
time adjustment. c 

The contacts will carry continuously !."'i 
amperes and make momentarily 30 amperes, but ~---l-~ 

should not be used to interrupt current in excess 
of the values tabulated below: 

= 
Alternating Current D irect Current 

Amp Volts Amp* Volts 

30 110 
20 220 I 125 

4 440 0.3 250 
3 550 0.1 500 

·---
*For time-opening contacts adjusted w open in 

less than the to!al time setting, use one hal{ of values 
tabulated for d-c. 

Relays can not be supplied for use on 25-cycle 
supply voltage. 

Mounting 
The CR2820-1729 relay must be mounted in 

a vertical position with the escapement mech­
anism at the bottom as shown in Fig. l. 

Operation 
The relay shown in Fig. 1 has two contacts, 

(A) normally closed, and (B) normally open. A 
solenoid (C) has its plunger connected to an 
escapement mechanism (D). When the solenoid 
is energized, the mechanism and all contacts 
connected to it, whether normally open or 
normally closed, are actuated instantaneously 
by t.he solenoid plunger on the up stroke. When 
the solenoid is de-energized, the escapement 
mechanism provides time delay action for the 
contacts. In Fig. 1 the contact (A) has a time 
delay on closing, and contact (B) has time delay 
on opening. Other forms are available having 
various combinations of normally open and 
normally closed contacts, some forms having 
time delay after the solenoid is de-energized, and 
others having the time delay after the solenoid is 
energized. 

F 
Q 

L 

p 

D 

p 

---K 

Fig. 1. CR2820- l 729A Definite-time Relay 

Renewal Parts 

Ref 
J etter CR2820-li2!1 ca~. ~o. Description 
Fi11. I 

A. B All Forms 3667572GI Movable Contact 
G All Forms 38404l3G2 StationaSi Contact 
H All Forms 2411017 Contact prin~ 
L A. B.C.D 2415[30 Clutch Spring 
L E to AK, incl 2415131 Clutch Spring 

E. F A.C.E.u,;.L.P.Q.R. 
S. T. V. A. AB. AC, 
AD. AF, AG. AH 3805658G8 Jnterlock Movable 

Contact 
0 A.C.E.G.;.L.P.Q. R. 

S, T. V. A. AB. AC. 
AD. AF. AG, AH 38!5725G3 Interlock Station-

ary Contact 
0 Q. S. T. V, AA, AB. 

2-!110l7 Interlock Contact AG 

A. C. E. G. J. L. P. R. 
Spring 

0 
2-114612 Interlock Contact AC. AD. AF. AH 

Spring 
~I A. C. E. G. J. L. P. 8-

R. S. AB, AC, Al . 
2413639 Interlock Opcrat-AP. AH 

ing Spring 
~I T.V.AA.AG 2238080 Interlock Opcrat 

ing Spring 
J All Forms Order b~ Cat. Coil 

No. on pool 

The insiant.ancous inLcrlocks shown al (E) 
and (F) in Fig. l are used on forms of the relay for 
direct current. The normally open interlock (E) 

GENERAL. ELECTRIC 
SCHENECTADY, N. Y. 
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Al 

may be used t,o form a holding circuit, around the 
push-button contacts in using push-butt.on con­
trol, and norma,lly closed interlock (F) is used 
to either cut out part of the solenoid-coil turns 
or to cut out a resistance in series with the 
solenoid coil to give more pull on closing. 

Standard a-c relays do not have the instanta­
neous interlocks E and F, a lthough special a-c 
relays may have a normally open instantaneous 
interlock similar to that shown at E, Fig. 1, for 
use as a holding interlock with a momentary­
contact push button. 

Connections 
Figs. 2, :3, and 4 show the method of con­

necting the CR2820-l 729A relay for use on 
control circuits in which a number of contacts 
are set to operate in definite-time sequence. The 
interlocks (2) and (:3), Fig. 2, should always be 
connected to the same side of the line. 

Adjustment 
The total time delay may be regulated by 

moving the adjusting screw on the escapement, 
arm up or down. In order to change the adjust­
ment, it will first be necessary to remove nuts 
(P) and cover (D). Setting the screw at the top 
end of the long slot in the arm gives the shortest 
time, a.nd setting it at the bottom end of the slot 
gives the longest time. The time interval be­
tween opening or closing of the va:rious contacts 
is adjusted by changing the posit.ion of the 

operating gears (N), Fig. 1, first loosening screw 
(R). Relay forms A, B, C, D, L, M, and Q have 
a time range of 1 to 7 seconds, and Forms E, 
F, G, H , J, K, N, P , R, and Shave a time range 
of l to 10 seconds. 

Disassembling Solenoid 
To take out the solenoid coil it is necessary to 

remove the frame from the supporting bracket 
and then take out the plunger. This may be 
done without disconnecting the plunger from the 
escapement mechanism. Remove the plunger 
guides and the two spacing springs between the 
coil and frame, and then the coil will drop out. 

Maintenance 
The CR2820-l 729 relay should not be oiled 

as it has had lubricant applied at the factory 
which is sufficient for its normal life. 

The contacts arc faced with solid silver and 
will give long life under normal service within 
their rating. They should not be dressed with a 
fi le but should be renewed in case of excessive 
wear. 

Renewal Parts 
When ordering renewal parts, refer to the 

table beneath Fig. 1; order by Cat. No. For any 
parts not listed, refer to the nearest sales office 
of the General Electric Co.; give the complete 
nameplate rating of the relay, and describe the 
part in detail. 

,----- -----, 

I . ~olenoid 

5top 
;....u,,-Lt 

2. Interlock. :S:ormally 
Closed 

:J. Interlock. :S:ormallr 
Open 

4. Contnc•s. Normally 
Open. Time Closing 

5. Contact, Normally 
Closed. Time Open­
in11 

Fig. 2. Typical Connection Dia­
gram for D-c Circuits of 250 

Volts or Less (Back View) 

UM) (lM) 

Pmng No. 849)-(;Rl&W 

Fig. 3. Typical Connection Diagram 
for D-c Circuits with Voltages 

Higher Than 250 Volts 

,-----, 
: I 
I I 
I I 
I I 
/ I 

l_! .... =---•J.-: ----~: 

Fig. 4. Coil Connection Dia­
gram for A-c Circuits 
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GEH-1018C 

INSTRUCTIONS 

TIME DELAY RELAY 
CR2820-1731A AND 1731B 

Also for Form .................... Switch 

Sol<U1oid coll C 

1:7 
! ~~ ! 

~ 
!~~! 

Fig. 2. Fig. 3. 

Plungczr D 

Nut A 

Internal Connections 
(CR2820-1731A) 

Internal Connections 
(CR2820-1731B) 

Movable 
Contact 

Cat. 4929723G6 
for CR282Q.J7l3A 

Cat. 534642101 
for CR2820.1731 B 

Pin F" 

Contect s E 
(not v ls ibl cz) 

- Movebl cz Cet.3805658Gl 
st&t ionery Cat.5186137G2 

Stationary 
Contact 

Cat. 6 186137G2 
for C R2820- \731 A 

· Cat. 53464.23Gl 
for C R2820•1731B 

Fig. 1. CR2820-1731A Time-delay Relay 
(Cover Removed) 

The CR 2820-1731 time-delay relay provides 
either an instantaneous-closing time-delay open­
ing (1731A), or a n instantaneous-opening t ime­
delay closing (1731B) device, for use in control 
circuits. The relay is designed for applications 
that require only infrequent opera tion ; for ex­
ample, as an under-voltage relay. 

INSTALLATION 
The switch should be mounted on a vertical 

surface as free from vibration as possihle, with 
the solenoid coil (C) mounted at the top. 

Check the voltage and frequency stamped on 
the nameplate of the relay with that of the panel 
to which it is connected. The relay is designed 
for altemating-<:tUTent circuits only. 

ADJUSTMENTS 
These relays are adjusted in the factory, and 

under ordinary conditions the time adjustment 
need not be disturbed. However, if this time 
interval is not correct, it can be changed by 
loosening nut (A), Fig. 1, and moving pin (F) 
down for increased time or up for decreased 
time. The time may be adjusted from 1 to 4 
seconds. 

OPERATION 
When the CR2820-1731A solenoid coil (C) 

is energized, plunger (D) is lifted and contacts 
(E) are closed instantly. 

Upon removal of voltage to the coil, plunger 
(D) starts to drop but is retarded by the escape­
ment mechanism. As the rack nears the end of 
its travel, it drops off the pinion and releases the 
arm, opening contacts (E). Contacts (E) will 
not reclose until the solenoid coil (C) is re­
energized. 

If voltage is reapplied before the arm is 
released, contacts (E) remain closed. 

GENERAL. ELECTRIC 
SCHENECTADY. N.Y. 

wigfi
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When the CR2820-1731B solenoid coil (C) is 
energized, plunger (D) is lifted and contacts (E) 
are opened instantly. 

Upon removal of voltage to the coil, plunger 
(D) starts to drop but is retarded by the escape-

4'nent mechanism. As the rack nears the end of 
its travel it drops off the pinion and releases the 
arm, closing contacts (E). Contacts (E) will not 
reopen until solenoid coil (C) is re-energized. 

If voltage is reapplied before the arm releases, 
contacts (E) remain open. 

CARE OF RELAY AND CONTACTS 
The switch is lubricated in the tactory and 

Fil"'I No, 118490-CllAlO 

should require no further lubrication during its 
life. 

In general, the contact tips do not require 
attention during their normal life. The silver 
contacts must be replaced before they are com­
pletely worn down to their supports. The renewal 
contacts consist of the silver tips assembled on 
their supports. 

RENEWAL PARTS 
Renewal parts should be ordered by the Cat. 

No. given in Fig. 1. For other parts not identified 
by Cat. No. refer to the nearest Sales Office of 
the General Electric Company giving the com­
plete nameplate rating of the relay and describ­
ing the part in detail. 

• 

• 
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INSTRUalONS GEtf-102 0B 

CRi953-7 DEFINITE TIME INTERLOCK 

These geared type time interlocks are adjust­
able between ½ and 4 seconds and are for use 
on a-c contactors to provide a time interval 
between the closing of the contactor and the 
opening or closing of the contacts on the inter­
lock. 

CR2953-7C forms have contacts which are 
OPEN when the contactor is de-energized but 
have a delayed CLOSING after the contactor is 
energized. Contacts open quickly when con­
tactor is de-energized. 

CR2953-7D forms have contacts which are 
CLOSED when . the contactor is de-energized 
but have a delayed OPENING after the con­
tactnr is energized. Contacts close quickly when 
contactor is de-energized. 

J1a. I . Cllnu-7C laterlock, 1'.-mallJ 0,.. C•tact, 
Tim• Cloal.q 

The contacts will carry continuously i.-, 

amperes, make momentarily 40 amperes, and 
break the values of current listed below: 

A-c Volts 

110 
220 
440 
550 

Amp 

40 
20 
8 
6 

G K 
J'I&. J. Cll29U-7 latartock wltll CoHr R•-ed 
to 81,o,r Bacapeme■t &ad ll- ol. AdJ•tl■c tile 

TI-Iatenal 

ASSEMBLY AND TIME ADJUSTMENT 
CR2953-7C, FIG. 1 AltD 2 

Assemble interlock to panel and connect links 
(F) to operating lever (G). When contactor 
armature is sealed in CLOSED position the 
head of Screw (I) should close against insu­
lated unit (J) with a gap of n in. between 
links (F) and pull rod (H). This combination 
is obtained by adjusting Screw (K). 

CR2953-7D, FIG. 2 AND 3 

This form is similar to form 7C except that 
the head of screw (I) must close against part 
(Q) with a gap of n in. between links (F) and 
pull rod (H). 

TIME ADJUSTMENT FOR BOTH 
FORMS, FIG. 2 

The interlock is adjusted at the tactory to 
give approximately 2½ seconds time interval. 

These instructions do not purport to cover aU del(lils or variations in equipment nor lo provide for tt•ery possible 
contingency to be met in connection with installation, operation M mai ntenance. Should further information be de­
sired or should particular problems arise which are not covered sufficiently for the purchaser's purposes, the f!IOlter 
should be referred to tire General Electric Company. 

GENERAL.ELECTRIC 
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To obtain more or less than this, loosen nut (L) 
and move same up to obt ain a shorter time 
interval and down for a longer time interval. 
Tighten out after time adjustment is obtained. 

Lubrication 
The interlock bearings are lubricated with a 

graphite lubricant and should not require further 
lubrication during their life. 

l'I&. 3. Cll2953-'Tl> llltenock, IJ.-lly CloHd 
Coatac~Ttm•<>,aiaa 

CONTACTOR WITH WHICH INTERLOCK IS USED 

8-hour 
CAT. NO. OF INTERLOCK 

Contactor Amp Rating CR2953-7C CR2953-7D 

75 CR2810-1343, -1853 5167i l901 516721902 

150 CR2810-1553 510721909 5167219010 

800 CR2810-1663 5167219G3 516721904 

600 CR2810-1573 5167219011 5167219012 

1000 CR2810-1251 516721907 516721908 

R.ENBWAL P~R.TS- SBB FIG. 1, 2, AND 3 

Ref CR2953-7C CR2953-7D Name of l'art 
Litter Cat. No. Cat. No. 

A 366757201 360757201 Movable contact 

B 3M0413G2 ...... .. .. Stationary contact 

C 2411917 . . .. .. ... . Spring for movable cont.act 

D ........... . ..... . ... Spring for operating arm 

E 5371332G4 5371332G4 Shaft and ratchet assembly 

F 4963667J>7 4963667P7 Pinion (not shown in illustration) 

M .......... Spring for operating arm 

N 496236502 Stationary contact 

p 2414109 Spring for movable contact 

3--'1 (2M) 

• 

• 
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These INSTRUCTIONS Before INSTALLING 

INSTRUCTIONS 

HORIZONTAL, POLYPHASE INDUCTION MOTORS 
SQUIRREL CAGE AND WOUND ROTOR-OPEN AND SPLASHPROOF 

FRAMES 203 TO S79 INCLUSIVE AND FRAMES 6323 TO 6339 INCLUSIVE 

These instructions do not purport to cover all 
details or variations in equipment nor to f'rovide 
for every possible contingency to be nut in con­
nection with installation, operation or maintenance. 
Should further information be desired or should 
particular problems arise which ore not covered 
sufficiently for the purchaser's purposes, the matter 
should 1>e ref erred to the General Electric Company. 

INSTALLATION 
Lecotlon 

1. OPEN MOTORS. Install in a clean, well­
ventilated place. I¥ motors are stored, store in a dean, 
dry place. 

2. SPLASHPROOF MOTORS. Where a choice 
of locations is possible, locate the motor so that it will 
be subjected to the least amount of splashing. 

Uftln9 
When lifting a motor, it is advisable to lift by means 

of slings placed under the bearing housings. 
floo, Mountln1 

1. FOUNDATION should be rigid and solid. 
Level the motor base (or motor). A motor hase on a 
concrete foundation should be grouted in place. 

Woll or Collln1 Mo11ntln1 
1. OIL-LUBRICATED, SLEEVE-BEARING 

MOTORS (may be identified by spring-cover sight 
bole on top of bearing housing): End shields should 
be located with oil-filler gage in horizontal position 
below the center of the shaft. 

2. GREASE-LUBRICATED, BALL-BEARING 
MOTORS (may be identified by pressure-grease fitting 
on top of bearing housing): End shields should be 
located with pressure-gun fitting on top as close to 
vertical as the bolt holes permit. 

NOTE: Screenless open type textile motors are not 
designed to permit end shield rotation for wall or 
ceiling mounting. 
Tlltod oncl Vottlcol Mountln1 

1. SLEEVE-BEARING, OIL-LUBRICATED 
MOTORS should always be mounted with the shaft 
horizontal. 

2. GREASE-LUBRICATED, BALL-B.EARING 
MOTORS in Frames 203-326 (incl) may be operated 
in any position, provided excessive thrust loads are not 
imposed. 

Motors in Frames 365 and larger should have the 
bearings modified for vertical operation. 
Movnllnt • Motor Hovlnt Wool-y-pockocl Sloovo loorin .. 

A motor having wool-yai:n-packed sleeve bearings 
should always be mounted so that the load will never 
be applied on the side of the bearing lining in which 
the opening for oil feeding appears. 
Foe• or Flon10 Mountlnt 
· Carefully align the motor with the driven unit and 

securely bolt into place. 

Alltnmonl 

Always align accurately with the driven unit. When 
aligning an adjustable base, allow for movement, and 
locate the adjusting screwhead away from the driven 
unit. 

Couplocl Dl'lvo 
When the motor and driven unit together have foµr 

or more bearings, flexible couplings may be used to 
facilitate alignment. Three-bearing construction re­
quires rigid coupling. 

Flot Bolt Dl'lvo 

Arrange the location of the driving and driven shaft 
so that they are parallel. Adjust belt tension just 
enough to prevent slippage; excess tension unneces­
sarily loads the bearings. Avoid a vertical drive; an 
angle of 45 deg or less between the line of shaft centers 
and the horizontal is desirable. Distance between 
centers should be at least 2½ times the diameter of the 
larger pulley unless a belt-tightener attachment is used. 
Pulley ratio should not exceed 5 to 1. Belt speed should 
not exceed 5000 feet per minute. If possible, make the 
lower side of belt the driving side. Run the grain or 
smooth side of the belt on the pulleys. Check the 
recommendations of the belt manufacturer for the 
diameter of the smallest pulley to use for a particular 
belt thickness. 

"V" Bolt Dl'lvo 

Align the sheaves carefully to avoid thrust on the 
bearings. Adjust belt tension just enough to prevent 
excessive sag of the slack side. If possible, make the 
lower side the driving side. Pulley ratio should not 
exceed 8 to 1. Belt speeds should not exceed 5000 ft 
per minute, unless otherwise recommended by belt 
manufacturer. Check recommendations of belt manu­
facturer for the diameter of the smallest sheave which 
should be used. 

Chain Dl'lvo 
Align sprockets and adjust chain just enough to 

permit a slight sag on the slack side. Avoid vertical 
drive; an angle of 45 deg or less between the line of 
shaft centers and the horizontal is desirable. The 
distance between shaft centers should not be less than 
the diameter of the larger sprocket plus the radius of 
the smaller. If possible, make the lower side the driving 
side. Consult the chain manufacturer for maximum 
ratio and speed of chain, minimum sprocket diameter, 
and lubrication of the chain. 

0.- Dl'lvo 
Motor should be ball-bearing type for helical gears 

since they impose axial thrust on the bearings. The 
pinion diameter should not be less than that recom­
mended by the General Electric Coml?any. When quiet 
gear drive is desired, Textolite pimons with helical 
teeth should be used. Consult the nearest sales office 
of the General Electric Company for recommendation. 

GENERAL.ELECTRIC 
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Po1ltlon of 011 Flllw Gago 
Oil filler gages on sleeve-bearing motors may be 

located on the most convenient side of the bearing 
housing. However, it is desirable to locate the gage on 
the side of the housing on which the oil ring enters the 
oil. Use oil sealing compound (such as G-E No. 1201 
Glyptal compound) on threads on pipe plug and oil 
filler gage when interc-hanging. 

Po1ltlon of Conduit Box 

It is standard practice to locate the conduit box on 
the left-hand side of the motor viewed from the driving 
end. The conduit box may be located on the oeposite 
side by removing the end shields and rotor, turning the 
stator frame around, and reassembling. 

Relocating the position of the secondary leads of 
wound-rotor motors requires redrilling and rethreading 
the end shield at the desired point. 

Connection of Stator Winding 
Single-speed motors with three leads (three phase) 

or four leads (two phase) for single voltage should have 
leads connected one to each line. 

Si_ngle-speed motors with nine leads (three phase) 
or e~ht leads (two phase) for dual voltage should be 
connected in accordance with the connection diagram 
plate on the motor. 

Multispeed motors should be connected in accord­
ance with the diagram, the number of which is stamped 
on the nameplate. 

Wiring ond Grounding 
Motor and control wiring, overload protection, and 

grounding_ should be done in accordance with the 
National Electrical Code and local requirements. 

OPERATION 
a.ton lnltlol Stottlng 

1. If a motor has become damp in shipment or in 
storage, it is advisable to measure insulation 
resistance of the stator winding with an insula­
tion-resistance meter; this value should be not 
less than: 

Rated voltage 
(0.75Xhp rating)+l0OO megohms 

2. If insulation resistance is lower than this value, 
it is advisable to dry out the moisture in one 
of the following ways: 
a. Bake motor in oven at temperature not 

exceeding 90 C until insulation resistance 
becomes practically constant. 

b. Enclose motor with canvas or similar cover­
ing, leaving a hole at the top for moisture 
to escape, and insert heating units or lamps. 

c. Pass a current at low voltage (rotor locked) 
through the stator windings. Increase the 
current gradually until winding tempera­
ture, measured with a thermometer, reaches 
90 C. Do not exceed this temperature. 

3. See that the voltage and frequency stamped 
on motor and control nameplates correspond 
with that of the line. 

4. Check all conne<"tions to the motor and control 
with the wiring diagrams. 

5. For sleeve-bearing motors fill each sleeve-bearing 
reservoir, through. the oil filler gage to within 
¾ inch of the gage overflow level, with a good 
grade of mineral oil. 

2 

NOTE: Oil-lubricated, sleeve-bearing motors 
in frames covered by these instructions 
are shipped without oil. 
Grease-lubricated, ball-bearing motors 
are shipped with bearing housings 
packed with grease. 

6. Be sure rotor turns freely, and does not rub 
when disconnected from load. Any foreign 
mate(ial in the air gap should be removed. 

7. Leave the motor disconnected from the load for 
the initial start; it is desirable to operate the 
motor without load for about one hour to test 
for any unusual localized heating in bearings 
and windings. Be sure that the oil ring on sleeve­
bearing motor turns freely. Check for proper 
rotation. 

Rovwaal of Rotation 
Three-phase: Interchange any two line leads. 
Two-phase: Interchange lines of either phase. 

Hooting 
Open and splashproof motors are rated 40 C rise 

and 50 C rise respectively. The actual operating tem­
perature of the motor, however, is this rise plus the 
temperature of the surrounding air. An open motor 
operating in a 30 C (86 F) temperature, for example, 
may reach a total temperature of 40+30-70 C 
(158 F). These motors will withstand a maximum 
observable temperature of 90 C (194 F) without harm 
to the insulation if encountered infrequently. 

Allowoltlo Voltage and fffquoncy Range 
If voltage and frequency are within the following 

range, motors will operate, but with somewhat different 
characteristics than obtained with correct nameplate 
values: 

1. Voltage: Within 10 per cent above or below 
the value stamped on the nameplate. 

2. Frequency: Within 5 per cent above or below 
the value stamped on the nameplate. 

3. Voltage and F requency together: Within 10 
per cent (providing frequency alone is less than 
5 per cent) above or below values stamped 
on the nameplate. 

MAINTENANCE 

011 SIHvo a-Inga 
For average indoor temperatures, use a good grade of 

mineral oil having a viscos(ty of 150 to 200 seconds 
Saybolt at 100 F. For higher temperatures and for slow­
speed belted motors, slightly heavier oil with a viscosity 
of 250 to 350 seconds Saybolt at 100 F may be required. 
(In automotive terms, the above viscosities correspond 
to SAE No. 10 and SAE No. 20 respectively. but tur­
bine oil rather than automotive oil is recommended.) 
Reputable oil companies should be consulted regarding 
special lubricants for unusual operating conditions. 

Cloanlng SIHve 8-ln91 
Sleeve-bearing housings are provided with liberal 

settling chambers into which dust, dirt, and oil sludge 
collect. The only cleaning necessary is to remove the 
drain plug and drain the oil, which will flush out 
most of the settled material with it. 

NOTE: Frames 203, 204, 224, and 225 do not have 
drain plug,,, and may be flushed through the 
oil filler ga~e. After draining, seal the threads 
of the drain plug with an oil sealing com­
pound (such as G-E No. 1201 Glyptal com­
pound) and refill the oil reservoir. 

• 
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Whenever the motor is disassembled for general 
~eaning, the bearing housing may be washed out with 
a solvent such as carbon tetrachloride. Dry the bearing 
lining and cover the shaft with a film of oil before 
assembling. 

Wool-yarn-pocked, Oil-lubrlcotecl S ... ve lloorlng1 

Oiling: 
Wool-yarn-packed, oil-lubricated, sleeve-bearing 

motors are shipped less oil but with a packing of iood 
grade coarse wool yam in place in the bearing housings. 

Before starting the motor initially remove the drain 
plug and pour a liberal quantity of oil over the yarn 
and bearing lining, allowing the excess oil to drain off. 
Replace the drain plug, coating it with an oil-sealing 
compound (such as G-E No. 1201 Glyptal compound). 
Add oil through the oil filler gage before startini the 
motor and at regular intervals• thereafter, maintaming 
a level approximately ¾-inch below the top of the gage. 
For average indoor temperature a good grade of mineral 
oil as described on page 2 under Oil Sleeve Bearings 
should be used. Pick I.\P and repack the yarn occasion­
ally• to prevent its becoming_ matted. 
• NOTE: The length of time intervals must be de­

termined by the motor user since it depends 
upon the severity of operating conditions. 
Wipe housings dry after any spillage or 
overflow. 

Cleaning: 
Used oil should be drained off and new oil added 

occasionally as outlined above. 
Whenever the motor is disassembled for general 

cleaning and reconditioning, the yarn packing should 
be removed, the bearing housing washed clean with a 
solvent such as carbol'\ tetrachloride, and the housing 
repacked with clean wool yarn. The new yarn should be 
saturated with oil as outlined above. 

Removal of S ... vo-booring lining (Tri-Clod Moton) 

(a) Remove baffle inside end shield. (For Frames 203 
to 326. On larger frames, this is unnecessary.) 

(b) Remove oil well cover plate. 
(c) Remove oil ring retaining clip. 
(d) With oil ring disengaged, bearing lining can 

now be tapped out. 

Ot-oa1ing Boll 8oa,ing1 

Ball-bearing motors covered by these Instructions 
are usually shipped with the bearing housings packed 
with G-E grease. However, to be sure there is sufficient 
grease present before placing the motors in operation, 
more grease should be added to each bearing, using 
the procedure outlined below. After the initial start, 
the length of time before adding grease again depends 
upon operating conditions. 

These ball-bearing motors are equipped with pres­
sure-gun grease fittings and pressure-relief plugs which, 
if used according to instructions, provide convenience 
in greasing. The grease should be added as often as 
operating conditions demand with a hand-operated 
(not pedal- or air-operated) pressure gun as follows: 

1. Wipe clean the pressure gun fitting and the 
regions around the fitting and relief plug. 

2. Remove relief plug. 
3. Free the relief hole of any hardened grease. 
4. Add grease with the motor running until it is 

expelled through the relief hole. (If fittings are 
not safely accessible with motor running, grease 
may be added sparingly with motor at rest.) 

3 

Adding until new grease is expelled purges the 
housing of old grease. 

5. Run the motor for about 20 minutes with ~he 
relief plug removed to expel excess grease. 

6. Clean and replace the relief plug. 
Exclusion of dirt from the housings and the lubricant 

is very important. 
A good grade of grease should be used, having the 

following characteristics: 
a. ASTM worked consistency 300-330 with mini­

mum change over the range of operating 
temperatures. 

b. Melting point preferably above 150 C. 
c. Freedom from separation of oil and soap. 
d. Freedom from abrasive matter and acidity. 
For the convenience of motor users, the General 

Electric Company can supply special G-E greases 
in cans and drums. 

Cleaning Boll lloorlnp 
Since the method of greasing ball bearings tends to 

purge the housing of used grease, removal of all grease 
should be required infrequently. Whenever the motor 
is disassembled for general cleaning, however, the 
bearings and housings should be cleaned of old grease 
by washing with carbon tetrachloride. 

If desired, ball bearings of horizontal motors only 
can be cleaned without disassembly of the motor as 
follows: 

I. Remove pressure fitting and relief plug. 
2. Free both holes of any hardened grease. 
3. Replace bottom relief plug and fill housing with 

flushing liquid, with the motor running. After 
about 10 minutes, drain off. Repeat this process 
addin~ enough liquid to partly fill the housing 
each time, until the liquid being drained comes 
out clear, showing that most of the grease has 
been removed. 

4. Rinse housing free of carbon tetrachloride with 
small amounts of light mineral oil only if carbon 
tetrachloride was used for flushing. Replace 
relief plug. 

Remo-I of Boll loorhtp 
Ball bearings can be removed from the rotor shaft 

by using a puller, or by tapping against the bearing 
cartridge or cap located on the shaft between the 
bearing and the rotor. 

Clooning A11emblod Motor 
The interior and exterior of the motor should be 

kept free from dirt, oil, and grease. Motors may be 
blown out with dry compressed air of moderate pres­
sure. If possible, however, clean by suction because of 
the danger of moisture in compressed air and blowing 
metal chips, etc., into the insulation. Motors operating 
in dirty places should be disassembled and cleaned 
periodically. 

Cleaning ln1ulotlon 
Whenever the motor is disassembled for general 

cleaning, the insulation may be cleaned as follows: 
1. Brush windings free of dust, and wash with 

cloth or brush wetted with carbon tetrachloride. 
Carbon tetrachloride is very volatile, and will 
not soak or injure the insulation if not applied 
too generously .. Allow plenty of ventilation, 
to avoid toxic effects. 

2. Dry the insulation 9,)' one of the methods 
explained under OPERATION. 
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3. When winding is dry and still warm, apply a 
high-irade insulating__ varnish by brushing, 
spraying, or dipping. Bake for 6 or 7 hours at a 
temperature not exceeding 90 C, or merely allow 
the winding to dry if a quick and air-drying 
varnish is used. More than one coat of varnish 
may be required, depending on the condition 
of the winding. 

The General Electric Company can furnish insulat­
ing varnish best suited for definite operating conditions. 
Consult the nearest G-E office. 

C.llffter l l11p (Wou"'-- Motws 011ly) 
The collector rings are sometimes slushed at the 

factory to protect them while in stock and during ship­
ment. The brushes have been fastened in a raised 
position. Before putting the motor into service, the 
brushes should be set down on the collector surface. 

Keep the rings clean and maintain their polished 
surfaces. Ordinarily the rings will require only occa­
sional wiping with a piece of canvas or nonlinting 
cloth. Do not let dust or dirt accumulate between the 
collector rings. 

l,uah" (Wou"'-tor Motws Only) 
See that the brushes move freely in the holders and 

at the same time make firm, even contact with the 
collector rings. The pressure should be between 
2 and 3 lb per square inch of brush surface. 

When installing new brushes, fit them carefully to 
the collector rings. Be sure that the copper pigtail 
conductors are securely fastened to, and make good 
contact with the brush holders. 

Air Gait (Sloo-.boarf119 Mo-.) 
When the air gap of a sleeve-bearing motor, as 

measured with a tapered air-gap gage, is less than the 
minimum value given in the table below, the bearing 
linings may need replacement: 

APPROXIMATE MINIMUM AIR GAP 

Frame Number 
203 to 326 incl 
364 to 559 incl 
6323 to 6339 incl 
561 to 579 incl 

Minimum Air Gap in In. 
0.008 
0.014 
0.014 
0.020 

(l■I lourf119 M■ton) ~ 

Ball bearings do not wear gradually; rather, if they 
fail, they do so completely in a very short time. There­
fore, there is no need to check air gap on a ball-bearing 
motor. 

Locatl119 Treultl" 

If trouble is experienced in the operation of a motor, 
make sure that: 

1. The bearings are in good condition and are 
lubricated properly. 

2. There is no mechanical obstruction preventing 
rotation. 

3. The air gap is substantially uniform. 

4. All bolts and nuts are tightened securely. 
In checking for electrical troubles, be sure: 

1. That voltage is actually available in all pha.ses 
at the motor terminals. 

2. That line voltage and frequency correspond to 
the values stamped on the motor nameplate. 
(Refer to paragraph on "Allowable Voltage and 
Frequency Range.") 

3. That the overload protective devices are in 
proper condition. 

4. That all connections and contacts are properly 
made in the circuits between the control 
epparatus and the motor. 

5. That the motor is not excessively overloaded. 
This may be checked by comparing line amperes 
with the full-load ampere rating stamped on the 
nameplate. 

lonowalP_,. 

When ordering renewal parts give quantity, catalog 
number if available, description of each item required, 
and the model number of the motor. 

Requests for additional copies of these instTUctions 
or inquiries for specific information should be addressed 
to the nearest sales office of the General Electric 
Company. 

APPARATUS DEPARTMENT 

GENERAL. ELECTRIC 
SCHENECTADY, N. Y. 

ICH1 (IIOM) S•p,rsedes GEH-790L 
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INSTRUCTIONS GEl-15593A 

Instantaneous Auxiliary Relays 

TYPES 

HMAllA 
HMAllB 

IlMA12A 
IlMA12B 

The type HMA relay is an instantan­
eous auxiliary device whose contacts are 
opened and closed by the movement of a 
hinged armature. The following models 
are supplied for operation on all standard 
voltages both a-c and d-c. All back con­
nected relays are supplied either with or 
without cover: front connected models are 
available without cover only. Internal 
wiring diagrams for all models are shown 
on the reverse side of this sheet . 

The HMAllA is a back connected relay 
having double-pole double-throw contact 
arrangement. The two moveable contacts 
are electrically separate and are held in 
position on the armature by means of a 
textolite contact carrier and spring hous­
ing. The HMAllB is similar to the HMAllA 
except that it is front connected . 

The HMA12A is a back connected mod­
el and has a single-pole, double-throw, 
double-break contact arrangement. The 
moving contact consists of a contact 
bridge mounted directly on the armature by 
a spring and post arrangement . In a clos­
ed position the moving contact bridge~ 
either the front or back set of contacts. 
The H.MA12B is similar to the BMA12A ex­
cept that it is front connect~d. 

The RMA13A and IIMA13B are similar 
respectively to thP HMA12A and HMA12B 
except that the moving contact bridge 
has been wired to a terminal stud so that 
the relay has two normally open and two 
nonnally closed contacts with the moving 
contact common to all four. 

The HM,U5A is similar to the BMAllA 
except that it has a special holding coil 
winding and has but one circuit opening 
contact. 

INSTALLATION 

The relay can be mounted on either 
a horizontal or vertical surface . In­
sulating bushings for steel panel mount­
ing will be supplied at no extra charge 
if they are specified in the order. The 
outline and drilling plan of each model 
is shown on the other side of this sheet • 

HMA13A 
HMA.13B 

ADJUSTMENT 

HMA15A 

All relays are properly adjusted at 
the factory. Relays for direct current 
service are adjusted to pick up at 60 
per cent of their rating when cold and 
80 per cent when hot. Relays for alter­
nating current service are adjusted to 
pick up at 80 per cent of their rating. 

Normally it should not'be necessary 
to make any further changes in these ad­
justments. If, however, the correct pick­
up is not realized, adjustments can be 
made by changing the tension of the arma­
ture restraining spring. This is accom­
plished by bending the projecting spring 
holder on the armature stop. The spring 
tension s hould not be s o low that the 
back contact wipe is sacrificed . 

CONTACTS 

The contacts of the HMA relay are 
self-aligning and should not require ad­
justment. If it becomes necessary to 
clean the silver contacts, use a thin 
fine file. Never use such material as 
emery paper or crocus cloth as they im­
bed non-conducting material in the con­
tact surface. 

lll'fllRIIWTINC AA TIIIGS OP COIITACTS Ill .&IIPIIRBS 

VoU.1 Sin&le Double 
A·C 0-0 a ... u llr-•lt 

IIOll!UIOCTIVB OIRCOJTS 

... 6-32 llS 30 ... 48 10 20 ... 1211 l.CI 3 ... 2110 0.25 0.li 
1111 ... 20 30 
230 . .. 13 211 
460 ... Ii 10 

IIIDOCTIVB CIRClllTS 

... Cl-32 7.11 20 ... 48 3 7.11 ... 1211 0.711 l.0 ... 2110 0 . l 0.215 
1111 .. . lli 15 
230 . .. 10 10 
400 ... Ii Ii 

IIORIJIIIIS 

PNqu.onc,7 11-0 
A.e•lltl.tlee Vath Volt-

VoU.1 CJ'OlH Oba, (i!IC) uper•• or D•o (~C) 

Cl 0-C IS.II 7 .... 
12 0-C 21 7 .... 
24 0-0 81 7 .... 
32 0-C 140 7 .. .. 
48 0-0 335 7 .... 

l21S 0-C 2100 7 .... 
1111 eo 270 (4-o) Ii.Cl 9.11 
230 eo 1030 (4-o) 5.5 9.IS 

GENERAL.ELECTRIC 
6-43 

SCHENECTADY. N.Y. 
SUPERSEDES GEI-15593 
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INTERNAL CONNECTIONS 
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PANEL DRILLING (FRONT Vlt.W) 

FIG . 1 OUTLINE, PANEL DRILLING , AND INTERNAL CONNECTIONS OF TYPES 
BMAllA- B, HMA12A-B , HMA13A-B, AND HMA15A RELAYS (K-62O95ti4) 
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INSTRUMENT TRANSFORMERS 
DRY TYPE 

The several types of transformers covered by 
these instructions include indoor and outdoor 
instrument transformers, metering outfits, port­
able instrument transformers, split-core cur­
rent-measuring sets, and auxiliary transformers. 
These instructions apply also to Type Y trans­
formers, which are not strictly standard but 
which utilize the mechanical construction of 
standard transformers. For information on the 
installation and care of dry-type transformers 
with unusual ratings of frequency, secondary 
voltage, current, etc., consult the nearest Sales 
Office of the General E lectric Company. When 
any special information is requested, give the 
complete nameplate data in order to identify the 
transformer. 

HANDLING 

· When unpacking and handling the trans­
former, exercise care not to damage the insula­
tion. Make an inspection to see whether any 
damage has occurred during shipment. Trans­
formers that are reshipped to the point of 
installation, even though this be done by truck, 
should be supported only by the core or mount­
ing supports. Do not use the bushings or leads 
for handles. 

DRYING OUT 

Transformers that have been subjected to 
submersion or have been stored for some time 
in a damp place should be dried out previous 
to installation. When drying out is necessary 
the following method should be used: 

Allow t he transformer to stand not less than 
12 hours in a room of approximately even 
temperature. 

Measure the resistance of the windings and 
record the room temperature. 

Short-circuit the primary winding and apply 
voltage to the secondary winding through such 
controls that sufficient current . will flow in the 
windings to raise the temperature to approxi­
mately 80 C. This temperature should be 
maintained until the transformer is dry . 

a 

To determine the temperature of the winding 
(approximately) assume that for each per cent 
increase in resistance the temperature rise of the 
winding is 2½ C. Find the temperature rise 
and add this to the starting (room) temperature: 
the result will be the final temperature. 

The amount of current necessary to obtain 
this temperature varies because of the variations 
in losses and copper densities in the different 
types of transformers. It is advisable to start 
with a current not greater than 2 amperes in 
the secondary of a potential transformer and 
not greater than 5 amperes in the secondary of 
a current transformer, and gradually raise this 
current until the proper heating is obtained. 
Increases of current should be made cautiously 
with regular observation of the rise of tempera­
ture of the winding. The rise of temperature 
should not exceed 6 C per half hour. 

When facilities for measuring the resistances 
are not available the temperature may be taken 
by placing the bulb of a spirit thermometer on 
each coil as close to the winding as the insulation 
will permit. The bulb of the thermometer should 
be covered with clean dry cotton waste so that 
the bulb will have as nearly as possible the actual 
temperature of the coil. In the case of current 
transformers of high current capacity the actual 
temperature of the primary winding can be 
quite closely obtained by placing the bulb of the 
thermometer directly on the primary terminal. 

Do not use mercury thermometers. 

TESTING 
Dielectric Tests 

If it is desired to make insulation tests after 
the dryin•g out period, or at any other time, these 
tests should be made in accordance with the 
ASA standards for transformers, regulators, 
and reactors (superseding A.I.E.E. standards 
No. 4 and No. 14). These rules should be strictly 
followed, both as to the value of test voltage 
and in the method of application. 

Polarity Tests 
Convenient methods for testing polarity are 

given in A.S.A. Transformer Standards, and 
also in the N .E.L.A. Metermen's Handbook. 
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Ratio and Phase Angle Tests 
Refer to N.E.L.A. Metermen's Handbook 

and General Electric Company's publication, 
GEA-601, Instrument Transformers. 

MOUNTING 
When connecting instrument transformers 

into power or distribution lines, it is important 
to make the connection in a mann.er to avoid 
placing line strains upon the terminals of the 
t ransformers. 

Where the primary leads consist of cables, as 
in the case of certain outdoor transformers, the 
connection should be made in such a manner 
so as not to bend the leads sharply where they 
enter the bushing. The connection should also 
be so made as to prevent swaying of the cables. 

Where the primary leads are brought out 
through stud-type bushings or so-called fixed 
terminals, care should be exercised to prev.ent 
either longitudinal or transverse strains upon the 
bushings. 

Instrument transformers of "transformer less 
primary" (window) type should be installed in 
sueh a manner that the weight of the transformer 
is not carried by the bus. Holes are provided in 
the angle core clamps which may be used for 
fastening the transformer either to a flat surface 
or to mounting brackets. No brackets are 
furnished with the transformer because of the 
wide variety of mounting conditions. 

For high-current t ransformer ratings, 2000 
amperes and above, t here may be some inter­
ference from the field of the return bus unless the 
bus centers are kept at a minimum distance of 
15 in. apart; for ratings above 5000 amperes this 
distance should not be less than 24 in. In case 
this type transformer is used with more than 
one primary turn, the loop should be at least 
24 in. in diameter. Care should be taken to 
see that the secondary leads are twisted closely 
together and carried out without passing through 
the field of the primary conductors. It is not 
necessary that the bus exactly fill the window, 
but the bus or buses should be centralized. 

CONNECTIONS 
The resistance of all primary and secondary 

joints should be kept as low as possible to 
prevent overheating at the contacts, and par-

ticularly in the case of current t ransformer 
secondary circuits, to prevent an increase in the 
secondary burden. 

Secondary Leads 
When planning installations of current trans­

formers, the resistance voltage drop of the 
secondary leads should be included in calculating 
the secondary volt-ampere burden carried by the 
transformer. This total burden should be kept 
within limits suited to the transformers used. 
For ordinary conditions, secondary leads whose 
resistance does· not exceed that of 100 feet of 
leads of No. 10 B.&S. copper wire (200 feet of 
wire) are satisfactory. This resistance is 0.2 
ohm, requiring 5 volt-amperes at 5 amperes. 

In the case of potential transformers the 
voltage drop in the secondary leads may affect 
the indications of the connected instrument and 
meters. For the usual conditions 50 feet of leads 
of No. 10 B.&S. copper wire (100 feet of wire) 
are satisfactory. 

The above instructions regarding the length 
and size of the leads to be used should be 
considered as general. In cases where instru­
ments and instrument transformers have been 
furnished as a unit by the factory, no change 
should be made in the length or size of leads 
which might change the volt-ampere burden in 
them. If any change is needed consult the 
nearest Sales Office of the Company. 

4 

Secondary Burdens 
When calibrations are furnished with trans­

formers, it is important that the connected 
burden to be in agreement with the burden used 
in calibration. If it becomes necessary or desir­
able to change the connected burden, and if 
there is any question regarding the effect of 
the change in the accuracy of the transformer, 
the nearest Sales Office of the Company should 
be consulted. Questions regarding the maximum 
allowable burdens should also be referred to the 
Company's nearest Sales Office. 

If transformer calibrations are required, it is 
important that complete information be fur­
nished the Company, including the number of 
devices to be connected in the secondary of 
each transformer, the rating of the device and 
type if the device has more than one current 

• 

• 

• 

• 

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 

• 

• 

or voltage, capacity, size, and length of leads 
to be used, the frequency of the circuit, and the 
method of connection. 

Secondary Terminals 
Most indoor current transformers are sup­

plied with an enclosed secondary terminal block 
which can be sealed. When shipped, the cover of 
the terminal block is in the reversed position 
because the short-circuiting device between the 
secondary terminals is closed. 

The procedure for making secondary con­
nections is as follows: 

Remove the cover, attach the service leads, 
open the short-circuiting device by loosening 
the screw or nut and turning the bridge 90 
degrees counterclockwise, and then retighten 
the screw or nut. Turn the cover 180 degrees 
from the shipping position, and reinstall it on 
terminal block. The cover cannot be replaced 
after the service leads are in place until the 
short-circuiting device is opened. 

Some transformers have their secondary 
terminals arranged for conduit connection. This 
conduit connection can be made from the 
bottom, top, or either side, by removing the 
terminal cover and changing the cover support 
to the desired position. The posit~on of the 
secondary terminals should not be changed. 

Grounding 
The casings and frames of instrument trans­

formers· should always be grounded. The 
secondaries should also be grounded close to the 
transformers. If, because of special connections, 
grounding the secondary appears impracticable, 
the matter should be referred to the General 
Electric Company. No. 2 B.&S. copper wire is 
recommended to ground casings and frames, 
particularly of outdoor transformers where 
arcovers are more likely to occur. Not smaller 
than No. 12 B .&S. copper wire should be used to 
ground the secondaries. Grounding the feet of 
instrument transformers also grounds the cores, 
casings and frames. 

If it is necessary to change the secondary 
connections, be careful not to disturb ground 
connections. 

I nstrument Transformers, Dry Type GEH-230M 

Polarity 
In wiring instrument-transformer circuits, it 

is necessary to maintain the correct polarity 
relation between the line and the devices con­
nected to the secondaries. For this reason, the 
relative polarity of the windings of each trans­
former is indicated by a marker H 1 on or near 
one primary terminal, and a marker X1 near 
one secondary terminal; and in most cases ,by 
white bushings or markings of white paint . 
Where taps are present, all terminals will be 
marked. The primary leads will be H1, H2, Hs, 
etc., in order, and the secondary terminals Xi, 
X,, Xa, in order, and the tertiary, if present, 
Yi, Y,, Ya, in order, H1 indicating the same 
instantaneous polarity as X1 or Y1. 

Sjgnificance of Polarity Markings 
When connection is made to a secondary 

terminal having a polarity marking similar to a 
given primary terminal, the polarity will be the 
same as if the primary service conductor itself 
were detached from the transformer and con­
nected directly to the secondary conductor. In 
other words, at the instant when current is 
flowing toward the transformer in a primary 
lead of a certain polarity, current will tend to 
flow away from the transformer in the sec­
ondary lead of similar polarity. 

Wp.en connecting instrument transformers 
with meters or instruments, refer to the Instruc­
tions furnished with the meters or instruments 
involved. 

6 

MAINTENANCE 
After instrument transformers for indoor 

installation have been installed, they should 
need no care other than seeing that they are 
kept clean and dry. Transformers for outdoor 
installation should receive the same care in 
operation as power transformers of similar design 
and of similar voltage rating. 

Considerable care should be exercised to make 
and keep the resistance of all contacts in the 
secondary circuit as low as possible. 

Note :- Always consider current transformers 
as a part of the circuit to which they are con­
nected, and touch only the secondary leads, and 
such portions of the transformer as are properly 
grounded. 
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Do not open the secondary circuit of current 
transformers while the transformer is connected 
in a line circuit, since by so doing the core may 
be permanently magnetized, and voltages dan­
gerous to human life are likely to be induced 
across the secondary terminals. To remove any 
device from the secondary circuit of a current 
transformer when current is flowing through the 
primary, the secondary of the transformer 
should first be short-circuited, and care should 
be taken not to disturb the ground connection of 
the secondary of the transformers. 

FUSES 
Potential transformer fuses are intended 

primarily to protect the line rather than the 
transformer, although the modern fuse will 
afford protection to the transformer in a large 
number of cases. With the exception of the 
current-limiting fuse, Type EJ-1, potential 
transformer fuses are not designed to open the 
maximum short-circuit currents which may flow 
when a short circuit occurs in the transformer. 
For this reason, current-limiting resistors should 
be used in series with the fuse when necessary to 
limit the current to a value which the fuse can 
interrupt satisfactorily. 

Replacing Fuses 
Since many potential transformers are fur­

nished with two fuses, the fuse in the grounded 
side should be replaced by a brass tube of the 
same size as the fuse or by some solid connection. 

The fuses of Type E-32 and JE-2 potential 
transformers, 3000 volts and below, are sup­
ported by a hinged cover. If it is necessary to 
replace a fuse while the transformer is connected 
to an operating circuit, the cover should be 
opened by an insulated hook. After the new fuse 
is inserted, the cover should be closed also by 
means of the insulated hook, which should be 
of sufficient length to prevent the operator 
from being burned in case a short circuit exists 
in the transformer. The cartridge fuse may be 
replaced by the EJ-1, Size A. 

In testing fuses for continuity of circuit, not 
more than 0.25 ampere should be used. 

In replacing the EJ-1 fuses or in substituting 
the EJ-1 for the ES-1 or the cartridge fuse, care 

6 

should be taken to select a fuse unit with the 
nearest voltage rating above line-to-line voltage 
of the circuit regardless of the rated voltage of 
the transformer. Do not attempt to overin­
sulate with fuse units of higher voltage ratings, 
as undesirable overvoltages may result. One 
permissible exception to this general rule is the 
use of the Size A, Type EJ-1 fuse in Type JE-32 
or JE-2 transformers. In this case the Size A 
fuse can be used on either 2300-volt delta cir­
cuits or 2300/4150-volt grounded "Y" circuits. 

Fuses can be refilled at the factory, provided 
they show no serious external defects. 

DEMAGNETIZING 
If by accident a current transformer becomes 

magnetized, it should be demagnetized in the 
following manner before being used for precision 
work: Connect at least 50-ohms resistance in 
series with the meters or instruments in the 
secondary circuit. Bring the primary current 
up to as near full load as possible and gradually 
reduce the secondary resistance by one-ohm 
steps until it reaches zero, being careful not to 
open the secondary circuit in the process. 

DIFFERENTIAL PROTECTION 
Standard General Electric current trans­

formers may be used for differential protection 
through a considerable range of burden and 
overcurrent. This range is limited by the differ­
ence in burden, the maximum overcurrent, the 
mechanical and thermal short-time rating. 
Information regarding these points may be 
obtained from the nearest Sales Office of the 
Company. 

INDIVIDUAL TYPES OF TRANSFORMERS 

Outdoor Instrument Transformers 
Bushings of outdoor instrument transformers 

sometimes become broken. Where the trans­
former is of the compound-filled construction 
such as Types K-78, K-81, J K-2, J K-6, JK-8, 
JK-10, J K-12, E-26, etc., the bushings can best 
be replaced by returning the transformer to the 
factory. When the casing is not filled with com­
pound, such as Types WF-6 and E-36 (3000 volts 
and below), the bushing can be easily replaced by 
removing the bottom of the transformer casing. 
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Conduit connections can be made to the 
secondary of the Type WF-6 and Type E-36 by 
loosening the screws which hold the bushing in 
place, removing the bushing, and inserting con­
duit fitting in place of the porcelain bushing. 

Metering Outfits 
Metering outfits are an adaptation of standard 

current and potential transformers mounted in 
housings, suitable for indoor and outdoor service . 
This arrangement combines the transformer 
units, necessary wiring and, in some cases, the 
meters under one casing. 

The standard primary test voltage for outdoor 
metering outfits (as specified for combined units 
by the American Institute of Electrical Engi­
neers) is 15 per cent lower than the lowest 
required of any individual transformer. 

Portable Transformers 
When used under ordinary conditions port­

able transformers both potential and current 
except split-core current transformers, will not 
vary more than 1 per cent from their marked 
ratio. When better accuracy is required, the 
ratio and phase angle certificate should be used. 
By means of this certificate corrections can be 
made to within 0.1 per cent on ratio and to 
within 3 minutes on phase angle. 

Portable potential transformers, Types E-6 
and E-9 have terminals arranged with thumb 
nuts. Double-rated transformers have four pri­
mary terminals. Connecting links are used to 
make connections for the different ratios. Care 
should be exercised to clamp the links firmly in 
place in order to obtain good contacts. 

The Types R-2 and R-3 current transformers 
have no primary windings. The cable carrying 
the current to be measured is threaded through 
the opening in the transformer core. One or more 
turns of the primary cable may be used to give 
different ratios. The ratio of the transformer 
with different numbers of primary turns is 
given on the connection nameplate attached 
to the transformer. If several primary turns are 
used, they should be distributed around the 
core. The voltage rating (2500 volts) of the 
Types R-2 and R-3 transformers is based on a 
single conductor passing straight through the 
transformer. If several primary turns are used, 

Instrnment Transformers, Dry Type GEH-iSOM 

the primary cable should be insulated for the 
full voltage of thle circuit. 
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The Type P-3: current transformer has a self­
contained prima.ry. Changes in ratio are made 
by metal links located on the top of the trans­
former. Connections for various ratios are 
indicated by the diagram shown on the name­
plate. Care should be exercised in changing 
connections to clamp the links firmly in place in 
order to obtain good contacts. 

The Types PR-1 and JP-1 current trans­
formers are a co:mbination of the Types P-3 and 
R-2 constructioin. For the lower ratios, the 
transformers have a self-contained primary. For 
the higher ratios the self-contained primary 
should be disre~:arded, and the prim;i.ry should 
consist of a cable insulated for the full voltage 
of the circuit, ]Passed through the opening in 
the core, as many turns being made as are 
necessary to obtain the desired ratio as shown on 
the connection nameplate. The same general 
instructions as are given above for the Types 
P-3, R-2, and R--3 apply also to the Types PR-1 
and JP-1. 

All portable c:urrent transformers, except the 
split-core type, are provided with a short­
circuiting switch on the secondary. This switch 
should always b◄~ closed whenever it is necessary 
to open the secondary circuit with the trans­
former connected in the line. This short­
circuiting switcbt should always be opened after 
making connectilons. 

Split-core Current Measuring Sets 
Split-core current transformers, Types G-4 

and G-5, are intended to be used only with the 
instrument and lleads with which the transformer 
is calibrated. The scales on the ammeters are 
marked to read primary amperes direct, and the 
ammeters should not be used to measure current 
unless used wit,h the transformer with which 
they are calibrated. Changes in ratio are made by 
turning the rotating switch on the ammeter. 

Split-core curTent transformers have no volt­
age rating, and must not be used around any 
conductor which is not insulated for the full volt­
age of the circuiit. 

The ground core surfaces must be kept clean 
and free from any dirt. A very slight opening 
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between the two halves of the core will affect 
the calibration of the set. Current-measuring 
sets consisting of a split-core current trans­
former calibrated with an indicating ammeter 
and leads will have an accuracy of plus or minus 
2 to 3 per cent, and with a recording ammeter 
and leads an accuracy of plus or minus 3 to 5 
per cent. 

A current adapter is used with the split-core 
transformer for measuring small currents. With 

12◄1 c,1M) 
Filing No. 86400 

the correct size of terminals attached to the 
adapter, insert it in place of the fuse in the 
cutout. Clamp the split-core transformer into 
the round loop of the adapter and read the 
ammeter. Compute the line current from the 
formula on the nameplate of the adapter. The 
use of the current adapter does not affect the 
accuracy of the current measuring set, and it 
may be used with sets having either the indicat­
ing ammeter or the recording ammeter. 

I 
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GENERAL INSTRUCTIONS 
FOR MAGNETIC CONTROLLER 

INSTALLATION 
Unpack the equipment carefully, as small parts may 

be thrown away with the packing material. 
Check the nameplate rating of the controller and 

make sure that its horsepower, voltage, frequency, 
etc., are the same as those on the nameplate of the 
motor with which the control is to be used. 

Mount the panel vertically so that, when power is 
cut off, the contactors will open by gravity. Panels 
should be mounted on a flat surface, and care should 
be taken not to twist or warp the back when mount­
ing. The supports of open controllers and the en­
closures of enclosed controllers should be grounded. 
The conduit connection to the case of enclosed con­
trollers is usually considered sufficient grounding 
protection. 

The sealing surface of the magnet frame and 
armature of a -c contactors with clapper-type magnets 
is spread with grease or oil to prevent rusting in ship­
ment. The grease or oil should be removed when the 
contactor is put into service, but the surface may be 
wiped occasionally with a thin rust-resisting oil. 

Before power is applied, operate each contactor 
and relay by hand to see that the moving parts 
operate freely without binding. See that all electrical 
interlocks are clean and make positive contact when 
closed. 

Inspect the connections of wires or buses to studs, 
to be certain that they are tight. The nuts may have 
loosened during shipment. 

Cast-grid resistors are sometimes shipped with 
corrugated paper packed between the individual cast 
grids, to prevent breakage in shipment. Remove this 
packing before putting the resistor into service. 

Resistor boxes should always be mounted with the 
grids in a vertical plane and located to permit free 
ventilation. To keep the heating at a minimum, it is 
recommended that 6-in. spacers be used between 
boxes of grids when stacked and that the stacks be 12 
in. apart. Such arrangement is desirable when con­
tinuous or heavy intermittent duty is expected, and 
essential when boxes are stacked over six high. Slow 

burning or noninflammable wire should be used in 
connecting to resi$tor terminals, to withstand the 
heat from the resistor. 

A diagram showing the connections of the panel and 
of the resistor is shipped with each equipment. All 
terminals to which external connections are to be made 
are numbered on the equipment and indicated on the 
wiring diagram. 

For controllers having current transformers, there 
may be temporary connectors across overload relays 
if the heaters or coils are not mounted at the factory, 
or across terminals in the current transformer second­
ary circuit. Before applying power to the controller, 
remove all such connectors, see that all overload 
heaters or coils are properly mounted, and that the 
secondary circuit of the current transformers is not 
open. 

Generally it is advisable to test the panel with the 
motor armature leads disconnected in order to check 
the operation and sequence of closing of the contactors. 
Series contactors cannot be operated unless the motor 
armature is connected in circuit. 

ADJUSTMENTS 
The adjustments of the contactors or relays on the 

magnetic controller are explained on the individual 
instructions sheets for each device. The relation of the 
devices to each other and their functions are explained 
in the instructions for the complete controller. 

Contactors are de.signed to operate properly if the 
line voltage is within 85 to llO per cent of the panel 
nameplate rating for a-c circuits and within 80 to 110 
per cent for d-c circuits. Wider ranges require special 
devices. Where there is a continuous 10 per cent 
increase in voltage, suitable coils should be ordered, 
because with this increase in voltage there is an 
increase in wattage and in the heating of the coil. 
This will not cause immediate failure of the coil but 
the deterioration of the insulation is more rapid and 
the ultimate life of the coil is shortened. There is also 
an increase of about 20 per cent in the pounding 
effect resulting in more rapid wear of the armature, 

The•• ln,trudlon, do no, pvrpor·t lo cover oil da·loil, or 'lariofion, In equJpmenr nor lo proYlde for every pouihle contingeMT, lo 
be ttte# in connection will, Inda/lotion, op«-otion or moinf..-,once. Should lurllt« Information be dedr.d or ,1tot,,ld porlicular prob •nu 
oriie wludt ore not cover.d ,ufflciettlly for th• ,wrcho,er'• rwrp,oH,, the mailer •ltould &. referred to the G.n.,-ol El.ctric Company. 

GENERAL.ELECTRIC 
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magnet parts, and contacts. The armatures should 
seal when the proper voltage is applied to the coils and 
should open by gravity when the power is cut off. The 
contacts of a single-break clapper-type contactor 
should, when closed, make line contact near the 
bottom of the face. On opening, the final break will be 
near the top. The rolling and wiping motions when 
closing and opening keep the contacts in good con­
dition. 

Mechanical interlocks are so adjusted that with one 
contactor in the sealed (closed) position, there is a 
very small play on the other contactor. This play 
must not allow the moving contacts of the second 
contactor to touch the corresponding stationary 
contacts when the contacts of the first contactor are 
just touching. 

Replace all covers and arc chutes on individual 
devices before the panel is placed in service. Be sure 
that all devices, such as dashpot relays, that require 
oil, are provided with the right grade and the right 
amount. If the complete controller is immersed in oil, 
fill the oil tank with the grade of oil req uired up to the 
oil line (usually painted on the inside of the oil tank). 
If oil is added above this mark, it will overflow when 
the tank is lifted into position. If an oil gage is fur ­
nished, check the oil level after the controller is sub­
merged in its normal position. 

MAINTENANCE 
Inspect all parts at regular intervals. Keep all parts 

free from dirt, oil, and grease. Replace the contacts 
when worn. 

D o not lubricate contacts, as lubrication shortens 
their life. Both copper and silver contacts will become 
darkened and somewhat roughened in normal opera­
tion, but this should not interfere with their per­
formance, and does not indicate that the contacts 
should be filed. In general, contacts will not need 
attention during their normal life, but if prominent 
beads form on the surface due ·to severe arcing, the 
contact faces may be dressed with a fine file. Do not 
use sandpaper or emery cloth. 

Should parts become worn so that adjustments 
cannot be maintained, new parts should be used. 

Frequent inspection should be made of all nuts and 
connection wires on panels and resistors, particularly 
when subjected to vibration. 

Grid resistor units should be kept clamped tightly 
together. 

Some rules that most good maintenance men follow, 
and are to be recommended, are: 

1. Become thoroughly familiar with the circuit 

and the operation of each new controller. 
2. Use the wiring diagram and keep it handy. 

Many service men frame these diagrams and 
keep them near the controllers to which they 
apply. 

3. Have a convenient portable instrument for use 
in checking voltage, current, resistance, etc. 
Its use will indicate conditions which, if cor­
rected at once, will keep the equipment 
operating efficiently and satisfactorily. 

4. Prepare a list of items to be checked at each 
inspection and, in making_ an inspection, follow 
the list to be sure that each point is covered. 
Of equal importance is the preparation of the 
schedule for conducting regular inspections and 
the following of the schedule. Casual inspec­
tions conducted at odd times are inadequate. 

5. Keep on hand an adequate stock of renewal 
and repair parts. General Electric will furnish 
a recommended list of parts, if such a list was 
not included in the Instructions book accom­
panying the controller. This list can be modi­
fied as experience dictates. The cost of carrying 
spare parts is small, when compared with the 
cost of lost production occasioned by shut­
downs. 

6. Buy spare parts made by the manufacturer, to 
save time and trouble. Parts made by other 
manufacturers may appear to be the same as 
the original parts, but may not meet the 
specifications in important details which cannot 
be detected by inspection. 

FAULTY OPERATION 

First, renew any necessary parts. Refer to the 
controller wiring diagram, trace out all the connections 
and examine all coils, connection wires, and resistors 
for burned out, broken, or loose parts. If local elec­
tricians cannot overcome the trouble, communicate 
with the nearest office of the General Electric Com­
pany, explaining in detail the nature of the trouble 
and giving the complete nameplate rating of the 
device. 

RENEWAL PARTS 
When ordering renewal parts, give the complete 

nameplate rating of the individual device and state 
the name and catalog number of the parts, if possible, 
or send a sample or sketch of each part required. If 
extra contacts and spare voltage coils are kept on 
hand, delays will be avoided when such parts require 
renewal. 

APPARATUS DEPARTMENT, GENERAL ELECTRIC COMPANY, SCHENECTADY, N. ¥. 

11-47 ()OM) 
Sopo,,edo, GEH-758 
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GEH-954B 

INSTRUCTIONS 

PLUNGER RELAYS 

TYPES PAA, PAC, PAV, PBA, PBC, AND PCV 
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fig. 1. Time Relay Fis . 2. Instantaneous Relay 
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PLUNGER RELAYS 
TYPES PAA, PAC, PAV, PBA, PBC, and PCV 

The Types PAA, PAC, PAV, PBA, PBC, and 
PCV plunger relays are designed to protect 
against overcurrent and undervoltage and also 
for use as auxiliary devices. The operation of 
these r~lays depends upon the action of a magnet 
coil in a ttracting or releasing the plunger, when 
predetermined values of voltage or current are 
present in the circuit to which the coil is con­
nected . By means of a snap-toggle mechanism 
the operation of the contacts is quick-acting on 
the upstroke of the plunger. These contacts can 
be arranged in several ways which, with the use 
of a coil suitable for the particular purpose in 
view, adapt these relays to a large number of 
applications. 

INSTALLATION 

Before installing, the cover should be removed, 
and the relay inspected to make sure that the 
toggle snaps quickly when the plunger is raised 
slowly by hand, and that the plunger drops 
down freely to its normal position when released. 

It may be more convenient to adjust the 
contacts before mounting the relay than after­
ward. See ADJUSTMENTS. 

The relay should be mounted on a vertical 
surface, preferably in a location free from 
excessive vibration, dirt, moisture, or corrosive 
fumes . 

ADJUSTMENTS 

See that the die-cast cam at the front of the 
relay bears evenly against the two rollers; the 
supporting holes in this cam are slotted for 
adjustment. Make sure that the screws holding 
this cam are tight, because these partially 
determine the amount of wipe on the back 
contacts. 

Contacts 

The stationary contacts can be placed in 
either of two positions, one of these being 

toward the, back of the relay and the other 
toward the fron-t. These positions may be readily 
obtained by loosening the screw on the front 
of the contact block, removing the stationary 
contact and replacing it in the desired position. 

Lifting the plunger and operating the contact 
bar solely by hand, see that all the back con­
tacts make simultaneously and all the front 
contacts make simultaneously. Adjust for this 
condition, if necessary, by loosening the set­
screws and moving the contact piece forward or 
backward as required. The contact spring should 
bear lightly against the front stop when the 
contact is open. 

After locking the adjustments, see that the 
contacts still make simultaneously, and then 
operate the contact mechanism slowly by means 
of the plunger and see that each contact has 
wipe, indicated by the fact that the contact 
bar holds the contact spring away from its 
front stop when the contact is closed. 

Automatic or Hand-reset 

In the construction of Types PAA and PAC 
relays, the upper portion of the plunger rod is 
surrounded by two semi-cylindrical die-casting5 
which carry four projecting parts at the bottom 
spaced 90 deg apart, located u.nder the toggle 
arms, and two similar parts spaced 180 deg 
apart, located directly over the toggle arms. 
These projecting parts or knobs may be adjusted 
to two positions; when the two upper knobs lie 
across the toggle arms the contacts are auto­
matically reset by the fall of the plunger, 
whereas when they are rotated through 90 
deg they pass downward between the toggle 
arms and the contacts remain in the operated 
position until reset manually by means of the 
push-rod projection through the front of the 
cover. This rotation is accomplished by remov­
ing the clamping spring at the top of the rod 
and rotating the semi-cylindrical castings carry­
ing the knobs until the latter reach the desired 
position. The spring must then be replaced in 
the recess provided for it. 

'/'lu.,1• i11.,lrtlr'li1111., ,lo 1111/ p1irp,1rl /11 r11r1·r cdl tletails or 1·11rtali1111s i n eq11ip 111e11/ 1111r /11 provideJ,,r et•er.~• possible 
.-,1111i11J1.e11r_v lo l,e met i11 ronntrli,111 with i11st11/lati1111, 11per11li1111 or 11111 i11le11<1nce. S!,1111/,I f urtl,er 111for111at1<111 be tle­
siretl or s/1<111/tl pur1ic11/ar pr()/,/ems 1irise 1,•l,i(I, are 110/ r1111ered s 11Jjir,e11//y for //,e purrltaur's purposes, lite mat/er 
s ltould he re.ftrred to tltt Ge11et11I Electric Co111po11;·. 
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GEH-954B Plunger Relays 

APPLICATIONS AND CHAI.ACTElllSTICS -
T~r 

a ATINCS lndi• 
Application Time • contacts Freq in Reset eating Construction 

Relay Volta Amp Cycles Tareet 

The PAC relay can be obtained either instan• 
PACIIA Inst } t + t t J ... l to :I 25 to 60 Yes t.aneous o r with time delay, and with eithe r 
PAC12A Time l .. . 1 to 5 40 to 60 Yu self- or hand-reset. When arraneed for self-reset, 

t he tunaer drops at approximately 70 per ~ent 
PAC13A Inst } l * * l 

I .. . 1 to 5 25 to 60 Yes of t e current at which it picks up, after the 
PAC1'lA Over• Time l ... 1 to 5 40 to 60 Self Yes plunger has lifted, unt il it strikes the toHle. 

current or The time delay may be Adjusted for any time 
PACllB Inst } LI LI { ... 1 to 5 25 to 60 Hand Yes up to 20 seconds at 12.:; per cent of its calibra• 
PAC I2B Time ... 1 to 5 40 to 60 Yes tion. The low point of calibration is approximately 

the same as the continuous capacity, while" the 
PAC13B In,t ) H H I ... 1 to 5 40 to 60 Yes highest calibration is t hree times the lowest cali- -PAC14B Time l ... I to 5 40 to 60 Yu bration value. 

The standard time-delay relay is assembled 
at the factory to aive the delay on pickup with 
instantaneous drop.out. 

PBC IIA ln1t t t t t ... 1 to 5 25 to 60 Hand Yes 

PBC12A ln1t t * * i 
... 1 to 5 25 to 60 Hand Yes 

The PBC relay is built in the instantaneous 

u form with either hand- or hand-and..,lectrical 
PBCtlB ln1t LI .. . 1 to 5 25 to 60 Hand Yes reset only. It differs from the Type PAC in that 

Sensitive the ~luneer is much lighter. 
Over- H H T e low point of calibration is approximately 

PBCl2B current ln1t .. . I tn 5 25 to 60 H and Yes 50 g-r cent of the continuous capacity, while the 
hi11 point of calibra tion is three limes the 10,.eat 

i $ * i 
calibration value . 

PBC13A ln1t .. . 1 to 5 25 to 60 Hand and Yes 
Electric 

PBC\3B ln1t Lt Lt ... I to 5 25 to 60 Hand and Yu 
Elect ric 

Under• 
The PAV relay is similar t o the T ype PAC ~lay PAVIIA voltaae ln1t 

t 
125 ... .. . ...... Self No 

Protection t t t and except t hat it is equipped with a potential CQil to 
PAV12A for O-c Time 250 ..... . .. ... . Self No fit the device for use as a d-c undervoltaae relay. 

Circuits O-c 

PCVIIA l n1t } + t • ♦ ..... 25 and 60 Self No The PCV relay differs from the above con• -PCV12A Time 1tructions in that it is particularly adapted for 

i $ 
* i 

115 operation on a-c voltaee and is quiet at rated 
PCV13A Under• Inst } 230. , .... 25 and 60 Self No volta1e with the plunaer uf.. It may be obtained 
PCV14A voltaae Time 460. either in the instantaneous orm o·r with the time• 

Protection and delay feature. The latter is assembled a t · the 
PCVllB for A-c Inst ) Li LI &75 .. ... 25 and 60 Self No lactory to Rive instantaneous rickup with iipie-
PCV12B Circuits "(ime A-c delay dtOl)-Out. It has no provi11on for calibration 

) H H 25 and 60 Self No 
but will tck up at approximately 80 per cent of 

PCV13B Inst ..... rated vo taae and drop-out at 30 per cent. 
PCV1'B Time 

PAAllA ln1t } t f f t 
PAA12A Time 115, . .... 25 and 60 Yu 

t i $ l 230. 
PAAISA Inst } .eo. 
PAA14A Time and . .... 25 and 60 Self Yes The PAA rolay is similar to the Type PAC 

AuJtiliary 
LI LI 

&75 or except that it is equipped with an a-c or d•c tie 
PAAllB Ins\ ) A-c Hand tent,al coil. When used on a-c this relay is suit& le 
PAA12B Time . ... . 25 and 60 Yu for momentary e-ners:ization only. 

PA.Al3B Inst ) H H 9 to 
PAA14B Time 600 .. ... 2-~ and 60 Yes 

O-c 

PBAllA Inst + t + + t 25 and 60 Hand Yes 
115. 

PBA12A ln1t $ $ $ i 230, . .... 25 and 60 Hand Yes -Bell f60. 
Alarm and The PBA relay is similar to the Type P..BC 

PBAllB and lnat LI LI 575 ... .. 25 and 60 Raad Yes ucept that it is equipped with an a-<: or d-c 
AuJtitiary A-c potential coil. It is not suitable for continuous 

eneriiution by altematinR current. Current coils 

H H 
125, are also supphed when connected in aeries with 

PBA12B !nit 250. . ... . 25 and 60 Hand Yes other coils . 
and 

t l 1 i 1150 
PBA13A !not 0 -c . .... 25 and 60 Hand YH 

Auir.iliary and 
PBA13B ln1t LI Lt ... .. 25 and 60 El~ctric Yu 

• Contact& may ba chanaed from normally open to normally cl01ed or vice veru by revenina ))C)Qtion of the contact . Electrically separate con-
tacta may ba made CQmmon by reetacin1 the movable contact bar. All contact.a are 1hown in the de-ener11ized position. 

t One-minute ratin1 of d-c co,l in amperea: 1.5, 2.8, e, 12, 25, 30, and 80. 

' -
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TIME DELAY 

Time delay is obtained by means of a bel­
lows and air valve located at the top of the 
plunger rod. The bellows is composed of a 
rubber compound which must not be lubricated. 
and which is not appreciably affected, either in 
its action or in its durability, by high or low 
temperature. The rate at which the a ir is expelled 
by the upward stroke of the plunger and is 
Teturned on the downward stroke is governed by 
a calibrated disk at the right-hand side of the 
bellows controlling the air valve, the latter 
being located directly in front of the Bakelite 
drum upon which the disk rotates. This clisk 
is arbitrarily marked from one to ten and the 
valve mechanism is so arranged that when the 
numeral one lies over the valve opening the 
time delay of the relay is at its minimum value; 
as the <lisk is rotated so that higher numerals lie 
vertically over the valve aperture the time 
delay increases and reaches the maximum 
time setting of the relay at the numeral ten. 
(See Fig. 3.) 

The setting of the left-hand disk, which is not 
calibrated, determines whether the delay brought 
about by the bellows will occur on the upward 
stroke of the plunger, on its downward stroke, 
or on both. By raising the clip which holds this 
disk in place, and removing the latter, two 
valves are displayed one of which contains a 
removable poppet, while the other does not. 
The action of the poppet is as follows: 

When the poppet is placed in the left-hand 
valve opening, with the dowel pin on the cover 
seated in the recess at the back of the molded 
part, the t ime delay takes place on the upward 
stroke of the plunger and there is no time delay 
on the downward stroke. 

When the poppet is placed on the right-hand 
valve opening, with the dowel pin still seated 
in the recess at t he back of t he molded part, the 
action is reversed, the time delay now occurring 
on the downward stroke, while the upward stroke 
is practically instantaneous. 

With the poppet still in the right-hand valve 
opening, but with the disk replaced so that the 
dowel now rests directly on top of the poppet, 
instead of in the recess previously described, 
the time-delay action of the relay occurs on 
both the upward and downward strokes. 

In making any of the above adjustments care 
should be taken to see that the leather washer 
under the disk is properly seated when the 
latter is replaced. 

5 

Plunger Relays GEH-964B 

Fig. 3. Disks fo r Adiustmenr 
of T im• O.l1y 

OVERCURRENT SETTING 

The current at which t he plunger operates 
is predetermined by the height at which it rests 
in the calibrating tube at the bottom of the 
relay. The groove in the lower end of the plunger 
should be set opposite to the valut in amperes 
at which it is desired that t he relay shall operate. 
This setting is accomplished by turning the 
knurled nut until the plunger groove rests 
opposite the desired tripping current.. 

From the variety of adjustments enumerated 
above and the number of coils and arrangements 
of con'tacts available, the almost universal field 
of application of these relays, :,"here the plung~r 
type is desired, will be readily apparent. For 
convenience, certain details of construction of 
the various types are given in the tabulation on 
page 4. 

The overcurrent relays Types PAC and PBC 
are equipped with current c~ils. The others a~e 
provided with potential cotls, except certam 
forms of the T ype PBA relay which are intended 
fo'r operation in series with a ~ircuit . break~r 
trip coil; these relays are provided with coils 
suitable for this purpose. 

All relays, except the undervoltage Type 
PCV, are provided with targets. These targets 
are plainly visible, orange-colored sema1;>hores 
which come into view when the plunger nses to 
operate the relay. They are reset manually by 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

GEH-954B Plunger Relays 

3 2 l 

OIi 
circuit 
breaker 

3 2 l + 

2 Fuse 

Curr.nt 
t ranaformcra 

Usina c.itcuit-oproia, concacu (or 

tuntlotmitt mppu:i, 
U1101 circu1t<losin1 coou cu for 

d-< rrippina 

Fi,: . .C. Coooeaioo Oia,:tams for Types PACI IA aod PAC12A Relay, 

means of a push-rod extending through the front 
of the cover. 

Contact Rating 

By choosing the proper contacts the over­
current relay can be used for direct tripping 
by the current transformer, or it can be used to 
trip the breaker indirectly from a separate d-c 
power supply. 

Each contact of the relay will carry 5 amperes 
continuously or 75 amperes for one-half second. 
To avoid burning the contacts the trip circuit 
should be interrupted by an auxiliary switch on 
the circuit breaker, instead of by the relay 
contacts, when a tripping source other than the 
current transformer is used . 

The contacts of the circuit-opening relay, 
used for direct tripping from the current trans­
former, will operate successfully on secondary 

currents up to 50 amperes. Beyond this value 
circuit-closing contacts, in conjunction with a 
battery or other suitable tripping means, should 
be used. 

Any one contact will safely interrupt currents 
in noninductive circuits not in excess of those 
given in the following table: 

SSAP ACTIOSf ~OS"l,SAP ACTIONtt 

V It 0 s Amperes 

l\-c ·--1~•-C A-c 0-c 

------
12 6.Q .. 3.0 
24 4 .0 2.0 
48 io 2.5 

:i.'s 
1.25 

125 1.0 0.5 
250 7 0 .<1 1.0 0.2 
600 :i 0. 1 0.0 0 .0 

t All instantaneous and llme contacts that open on the upstroke 
of the plunaor. 

tt Time contacts that oven on t ho downstroke or the plunaor. 

!lIIII! o+-1--------,----.,-----...-------. --;:-,, 
~c• 

0 o o rfo 
o Vo 

Qe ta v 
.,, te:1t 

I 
I 
I 
I 
I 

' I I 

I ~ -------, 

t+--··1 : 
I I I I 
I I I I 

,'6-~. .-&· i-. 
I I I I 
\ .... .,,/ \ ... _.,., 

Vottmetc r 'r~i~:t:l 
(wnen r e quorad) 

fia. 5. Conoeaions for TeS1ina a Circui1-closina Relay Opera1ed from 
Same Supply as Type Mf-2 Synchrooous Timer 
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pere, with Two Di«ercot SettinJI• of Tim~elar Dc.-ice 

Plunger Relays GEH-954B 

Secondary Burden 

The burden imposed upon the current trans­
former by the 5-ampere coil, which is the most 
commonly used, is approximately 22.5. volt­
amperes at 5 amperes, 60 cycles. 

Periodic Tests 

It is advisable to test the relays periodically 
to insure their positive operation. Typical 
testing connections for an overcurrent relay are 
shown in Fig. 5. 

Renewal Parts 

When ordering renewal parts, write to the 
nearest Sales Office of the General Electric 
Company giving the quantity, catalog number 
if available, a complete description and name­
plate rating of each item required. 

fis. 7. Outline and Dimeotiont of TrPH PAA, PAC. PAV, PBA. Pia. I . Outline and Di-atioot of Trpe PCV l.elan (Nu,bar or 
ud PBC l.elar t (N,..ber of Saids Varies with Difereoc Trpea) SNds Varies with ~, .. , Trpet) 
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INSTRUCTIONS GEI-1837O-C 

PRESSURE RELIEF DEVICE 

FOR 

POWER TRANSFORMERS 

GENERAL ELECTRIC COMPANY 
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GEI-18370-C -2-

THESE INSTRUCTIONS DO NOT PURPORT TO COVER ALL DETAILS 
OR VARIATIONS IN EQUIPMENT NOR TO PROVIDE FOR EVERY POSSIBLE • 
CONTINGENCY TO BE MET IN CONNECTION WITH INSTALLATION, OPERATION 
OR MAINTENANCE. SHOULD FURTHER INFORMATION BE DESIRED OR SHOULD -
PARTICULAR PROBLEMS ARISE WHICH ARE NOT COVERED SUFFICIENTLY FOR 
THE PURCHASER'S PURPOSES, THE MATTER SHOULD BE REFERRED TO THE 
GENERAL ELECTRIC COMPANY. • 

PRESSURE RELIEF DEVICE 

This pressure relief device is used on top of the main 
cover of power transformers for the purpose of relieving any 
sudden pressure such as may accompany an arc under the insulat­
ing liquido The device is used on completely sealed, gas-seal 
and gas-oil-seal transformerso 

The pressure relief device may be installed on a manhole 
cover or directly on the main cover. Refer to Figo l which 
shows the parts of this relief device with the device flq11ge 
installed on a manhole covero The relief dia,phragm (Item 2) 
is a thin disc of molded material (G-E compound 2029B) firmly 
held between clamping rings with a gasket jointo These clamp­
ing rings are the flange (Item 1, on the manhole cover and the 
ring (Item 3). A metal cap or cover (Item 4) provided over the 
diaphragm is held down by a relief pin. The underside of this 
cover has a grid with its edges located just above the diaphragm. 
A metal lid (Item 7) held in place by three guide studs is pro­
vided over the complete diaphragm assembly to protect it from 
the weathero Should a sudden pressure occur within the trans­
former tank, the relief diaphragm will be forced up against the 
several edges of the grid, breaking the relief pin and allow­
ing the cap to lift. (The relief pin is designed to break at 
approx. 10 pounds tension). This permits the diaphragm to come 
against a cutting edge which immediately ruptures the diaphragm. 
This process also lifts the protective metal lid and the 
pressure is relieved. After this, the cap and protective lid 
drop back in place again to close the diaphragm opening, thus 
reducing the possibility of moisture entering the transformer 
tank after the diaphragm has been ruptured. 

To renew the relief diaphragm after it has been ruptured 
it is necessary to remove the protective lid by unscrewing the 
three guide studs from the cover flange. Lift off the metal 
cap that has the relief pin in the center. Remove the clamping 
ring by taking out the six hexo head screws and remove the 
broken diaphragm. When putting in a new diaphragm (Item 2) a 
new gasket must be used in the flange (Item l)o Brush the gasket 
on both edges and one side with a thin coat of G-E compound 880 
or 1276 and allow to set. They apply a fresh coat of the com­
pound to the gasket ring in the metal flange and put the gasket 
in place . No compound should be used on the gasket surface which 
comes against the diaphragm. Put the new diaphragm (Item 2) in 
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place over the gasket. Remove the broken part of the relief pin 
from the central bar of the clamping ring (Item 3) and then bolt 
clamping ring firmly in place over the diaphragm. Replace the 
metal cap (Item 4) over the diaphragm with the edges of the grid 
downo Remove the broken part of the relief pin from the cap by 
taking out the small brass screw and washer (Item 5). Install 
new relief pin by inserting it through central hole in cap 
(Item 4) and carefully serewing it in place, using very light 
twisting effort on the screw. For this reason the relief pin is 
designed to be screwed in with the fingerso 

Replace the washer and small brass screw (Item 5) to lock 
the relief pin. Replace the protective lid (Item 7) over the 
relief cap (Item 4) making sure that the treated pressboard 
disc (Item 6) is in place between the cap and the lid. The 
purpose of this disc is to provide a moisture proof covering 
over the head of the relief pino Screw the three guide studs 
into the flange to hold the protective lid in place. Be sure 
the two rubber bumper washers are in place on each guide stud. 
Adjust the height of the three guide studs to 3 inches between 
the underside of the bolt and the top of the clamping ring as 
shown in A, Fig. 2o Tighten lock nut to maintain adjustment. 
One of the rubber bumper washers on each stud can be pushed 
down against the lid to hold lid firm. 

When this pressure relief device is used on a *Pyranol 
transformer to be installed indoors a high metal cover is 
used over the pressure relief in place of the protective lid. 
This cover has a flnage at the top with a large round opening 
and a temporary plate is provided over the opening, bolted on 
with six screws. When the transformer is installed the tem­
porary plate must be removed and a gas absorber or a vent pipe 
to the outside air should be installed on top of the cover. 
(Refer to B, Fig. 2). Use the six screws and lockwashers to 
fasten the gas absorber or vent pipe to the flange at the top 
of the covero 

The relief diaphragm assembly is removed for foreign 
shipment and a temporary cover is used over the opening. The 
assembly can be installed on the cover as previously explained 
for installing a new diaphragmo A new gasket must be used • 

For domestic shipments the pressure relief device is left 
assembled in place on the transformer and a temporary round wood 
block 1-3/411 thick is placed under the protective lido When a 
high metal cover is used over the relief device on a Pyranol 
transformer, a temporary wood block 6 11 long is used under the 
metal covero These temporary shipping blocks must be removed 
when the transformer is installed and the protective lid or cover 
must be replacedo The recess in the center of the relief cap 
for the relief pin is temporarily covered with a sealing tape • 
This tape can be removed. 

*Registered Trade-mark for G-E Askarel 
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When installing the transformer examine the relief dia- • 
phragm to be sure it is intact. To do this it will be nec-
essary to remove the protective lid, or the cover if provided 
for vent pipe connection. Remove the relief pin and metal 
cap and examine the diaphragm. Replace the cap and relief pin 
as previously explained, also replace the protective lid or 
cover. 

A pressure-vacuum gauge (scale 3 lbs. vac. to 5 lbs. press.) 
is provided at the top of completely sealed transformers. It 
is usually mounted on one of the top cooler tube headers or on 
the cover. This gauge provides an indication of the condition • 
of the transformer tank seal. When the transformer is in service 
and carrying load the gauge will indicate a pressure which will 
vary depending on the temperature of the transformer. With the 
transformer out of service and at a low temperature the gauge 
will indicate a vacuum. When the temperature of the transformer 
is 25 C the gauge should show approximately zero pressure. If 
the gauge remains at zero under load or low temperature condi-
tions of the transformer, a leak in the transformer seal is in-
dicated. 

The sealed type transformer is designed to be sealed at 
zero pressure at 25 C and under all normal conditions the pres­
sure, plus or minus, in the tank will be well within the limits 
of the gauge scale, which might be reached only under extreme • 
conditions. 

The pressure relief diaphragm can be installed on the tank 
cover, sealing the tank, when the temperature of the transformer 
is approximately 10 degrees above or below the nominal 25 c. 
However, at the first opportunity, the tank should be vented by 
opening an air vent valve near the top of the tank when the 
transformer is at 25 c. Close air vent valve tight to seal tank. 
This also applies when installing the pressure-vacuum gauge if it 
has been removed for shipment. 

REFERENCE 

Pressure Relief Device Parts . . . . . . . . . . . . . . . . . . . . . . . . . . Fig. 1 

Details of Pressure Relief •••••••••• . ••••••••••••••••• Fig. 2 

PRINTED IN U.S.A. 
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IF YOU REQUIRE SERVICE 

IF AT ANY TIME you flnd it necessary to repair, recondition, or rebuild your G-E apparatus, there are 25 G-E service shops 
whose facilities are available day and night for work in the shops or on your premises. Factory methods and genuine G-E 

renewal ports are used to maintain the original performance of vour G-E apparatus. If you need parts only, immediate 
shipment of many items can be made from warehouse stoc! .. 

The services of our factories, engineering divisions, and sales offices are also available to assist you with engineeril)g 
problems. For full information about these services, contact the nearest service shop or sales office listed below: 

Altonto, Go ...•.••••••. • 496 Glenn St., S.W. 
loltimore 30, Md ......•..•.• 920 E. Fort Ave. 
lluffolo 11, N. Y .....•....•.... 318 Urban St. 
Charleston 28, W. Vo .. 306 MocCorkle Ave., S.E. 
Chicago 80, Ill ......•. . ..•• 849 S. Clinton St. 
Cincinneli 2, Ohio ••••.••••.• 215 W. Third St. 
Cleveland 4, Ohio ..... • 4966 Woodland Ave. 
Oollos 2, Texas ..••..••.•. 1801 N. lamor St. 
Denver 5, Colo .. ..•..•.. •.• 3353 Lorimer St. 
Detroit 2, Mid,, ..••....•••. , 5950 Third Ave. 
Houston 1, Tuos· .••..••.•. 1312 live Ook St. 
Johnstown, Po ........••...•.... 841 Ook St. 
Kan,01 City 8, Mo ..•..•...... 8 t9 E. 19th St. 
las Angele, 1, Collf ....••• 6900 Stanford Ave. 
Milwaukee 3, Wisc .•..... 940 W. St. Poul Ave. 
Minneapolis I, Minn .•••.• , . 4 1 0 Third Ave., N. 
New York 14, N. Y ......•..• 416 W. 13th St. 
Philadelphia 23, Pa ..•..... 429 N. Seventh St. 
Pittsburgh 6, Po .........•... 6519 Penn Ave. 
St. Louis 1, Mo ... • .•..•... 1110 Delmar lllvd. 
Solt loke City 9, Utah .•• 141 S. Third West St. 
San Diego 1, Calif ..••..••• 2045 Kettner lllvd • 
San Francisco 3, Callf .•..... 1098 Ha"i,on St. 
Seattle 4, Wash ....... . .... 1508 4th Ave., S. 
West Lynn 3, Mass ......... 920 Western Ave. 
Youngstown 3, Ohio •••... 1 21 E. Boardman St. 

Alt.ton 8, Ohio ..........•.... 335 S. Moin St. 
Albany 1, N. Y ••••••••••••••••• 90 State St. 
Amarillo, T uas, , .... , ....... 70 I f. fifth St. 
Altanta 3, Ga.. . . . . .... 187 Spring St., N. W. 
llakersfleld, Calif ......•.••.•• 211 E. 18th St. 
Baltimore 1, Md •..••.. • •• 39 W. luington St. 
llangor, Maine. . . . . . . . . • • • • • • n Central St. 
Beaumont, Texas .••.•..••....• 398 Peart St. 
Binghamton, N. Y ....••...•.. 19 Chenango St. 
llitmingham 2, Ala ....... 600 N. EightHnth St. 
llluefleld, W . Va .......... Appalachian Bldg., 

P.O. Sox 447 
Boston 1, Man. .............. 1 40 federal St. 
Buffalo 3. N. Y ........... 535 Washington St. 
Bulle, Mont .........••... 20 West Granite St. 
Canton 1, Ohio •..... .700 Tuscarawas St., W. 
Cedar Rapids, Iowa ...... 203 Second St., S.E. 
Charleston 28, W. Va .. 306 MacCorlde Ave., S.E. 
Charlotte 1, N. C ...... , •.... 200 S. Tryon St. 
Chartattesvme, Vo ........••.. 123 E. Moin St. 
Chattanooga 2, Tenn •. : .•.. 832 Georgia Ave 
Chicago 80, HI ••• , •• , ••••••• 840 S. Canal St .. 

P.O. Sox 59701, 
Cincinnati 2, Ohio ...•••..•.. 21 5 W. Third St. 
Cleveland 4, Ohio •..... 4966 Woodland lwe. 
Columbia 23, S. C ....... 1225 Washington St. 
Columbus 1 5, Ohio .•....••...• 4'0 S. Third St. 
Oallos 2, T uas . ......... . 180 I N. Lamar St. 
Davenport, lowo .•.. ..... . 511 Penhlng Ave. 
Dayton 2, Ohio ......•.••.... 25 N. Moin St. 
Denver 2, Colo ........... 650 Seventeenth SI. 
Des Moines, Iowa .•...•.... -418 W. Sixth Ave. 
Detroit 2, Mich ..•.........• 700 Antoinette St. 
Duluth 2, Minn ..... , ...... 14' W. Superio• St. 
El Paso, Tua, .•.........• 109 N. Oregan St. 
Erie 2, Pa ..•.••...• • .....•. IO E. Twelfth St. 
Evansville 19, Ind .... , ...• 123 N.W. Fourth St. 
Fairmont, W. Va .......•..•. 511 Jacobs Bldg. 
Fergus Falls, Minn ........ 1 02 W. Lincoln Ave., 

P.O. Sox 197 

APPARATUS SERVICE SHOPS 

APPARATUS SALES OFFICES 
fort Wayne 2, Ind ......... , 127 W. llerry St. 
Fort Won!, 2, Tuas .•.••• 408 W , Seventh St. 
Fresno 1, Collf .•..•.•• • .• Tulare and Fvlton St. 
Grand Rapids 2, Mlch .. 148 Monroe Ave., N.W. 
Greenville, S. C .•••. .• 106 W. Washington St. 
Hagerstown, Md ..•....• Profeuional Arts Bldg. 
Hartford 3, Cann.. . . • • . •.•.• 410 Asylum St. 
Houston I, T uas •••..••.•. 1 31 2 live Oak St. 
Indianapolis 4, Ind ...•.•...• 11 0 N. Illinois St. 
Jodcson, Mich ..... ..•.• 120 W. Michigan Ave. 
Jackson 1, Miu ...... ..... 203 W. Capitol St. 
Jack1onville 2, Fla ..•.•. , .. 237 W. Fonyth St. 
Johnstown, Pa .•.......•••••.••. 84' 1 Oak St. 
Kan101 City 6, Mo . • •... 106 W, FaurtHnth St. 
Knoxville 08, Tenn ............ 602 S. Gay St. 
Los Angeles 5,, Calif ..•.•.•• 21 2 N. Vigne, St. 
Louisville 2, Ky .•.•• ......•.. 455 S. fourth St. 
Madison 3, Wisc ............. 11 I S. Hamntan 
Manchester, N. H ...•••.•.•.....• 839 Bm St. 
Medford, Ore ... 2015 E.Maln St., P.O. 9ox 1349 
Memphis 3, Tenn .•.••.•• ....•.• 8 N. Third St. 
Miami 32, Ao ...•.•.•.•.• 25 S.E. Second Ave. 
Milwaukee 3, Wisc ....... 940 W. St. Paul Ave. 
Minneopoli1 2, Minn. .•••...••.. 12 S. Sixth St. 
Mobile 1 3, Alo ......•.•.••• 54' St. Joseph St. 
Nashville 3, Tenn ........... 234 Third Ave., N. 
Newark 2, N. J ......... . ... • 744' Broad St. 
New Haven 6, Conn •...•.•.••. 129 Church St. 
New Orlean• 1 2, la ......•••• 837 Grovier St. 
New York 22, N. Y .• , •.•. . 570 luingtan Ave. 
Niagara Foll,, N. Y, ..•••.•.. . 253 Second St. 
Norfolk 10, Vo....... • ...•.• 229 llute St. 
Oakland 12, Collf .......... 409 Thirteenth St. 
Oklahoma City 2, Okla .••• 1 19 N. Robinson St. 
Omaha 2, Nebr ..••. , •. 409 S. S.ventHnth St. 
PMadelphio 2, Po ............ 1405 Locust St. 
PeQfla 2, Ill ...... t ........... . 41 0 Main St. 
Phoenix, Ariz ...... , •.•.• 435 W. Madison St., 

l>.o. Sox 4006 
Pittsburgh 22, Po ........... 535 SmithReld St. 

Portland 3, Moine ..•...••.. A77 Congress St. 
Poftland 7, Ore ....... ,. ,920 S.W. Sixth Ave. 
Providence 3, R. I ••••••••• Industrial Tnnt Bldg. 
Raleigh, N. C ..••.....•.•. 336 Fayettevnie St. 
Reading, Pa ...•.••••...•.•..• 31 N. Sixth St. 
Rictimond 17, Vo., ...•..••• 700 E. franklin St. 
Roanoke 11, Vo ...... .... 202 S. Jefferson St. 
Rochester 4', N. Y ................. 89 E Ave. 
Rockford, Ill .................. 122 S. First St. 
Rutland, Vt .................. 38!/J Center St. 
Sacramento 14, Calif ........•. I I 07 Ninth St. 
St. Louis 2, Mo ..... • ..•.••.. 1 12 N. Fourth St. 
Sall lake City 9, Utah ....••.. 200 S. Main St. 
San Antonio 5, Texas ..... 310 S. St. Mary's St. 
San Diego 1, Calif.. ....•..•.. 861 Sixth Ave. 
San Francisca 6, Calif.. ... 235 Montgomery St. 
San Jose, Calif ...•.. 177 W. Santa Clara Ave. 
Seattle 11, Wo,h ....•...... 710 Second Ave. 
Shrevepor, ~>'. La: ......•..... 803 Jordan St. 
Sioux City I 3, Iowa .••......••• 507 Sixth St. 
South Bend 11, Ind ...•. I 1 2 W. Jefferson llvd. 
Spokane, Wash ............... S. 162 Post St. 
Springfield, Ill .• , •••••.••••• 607 E. Adams St. 
Springfield 3, Mau .....••... .. 1387 Main St. 
Syracuse 2, N. Y ............ 1 13 S. Salina St, 
Tacoma 1, Wo,h ........... 1019 Pacific Ave. 
Tampa 6, Fla .............. 1206 North A St. 
Toledo 4, Ohio ..........• 420 Madison Ave. 
Tulsa 3, Okla . ...•..•..... 320 S. Boston Ave. 
Utica 2, N. Y ............... 258 Genesee St. 
Washington 5, 0. C .•... 806 fifteenth St., N.W. 
Waterbury 89, Cann ......... 111 W. Main St. 
Waterloo, Iowa .............• 716 Water St. 
Wheeling, W. Vo .....••... • -40 fourtHnth St. 
Wichita 2, Kan ............. I 02 S. Broadway 
Williamston, N. C ..............•.• Town Holl 
Worcester 8, Mau ............. . 507 Main St. 
Youngstown 3, Ohio ...•..• 25 E. loardmon St. 

H■w■lb W. A. lamaay, Ltd., Honolulu Can■tla, Canadian General llactnc Campany, Ltd., Taranto 

APPARATUS DEPARTMENT, GENERAL RECTRIC COMPANY, SCHENEOADY, N. Y. 
6-,47 {JM) 
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PYRANOL TRANSFORMERS 

INCLUDING 

PYRANOL IMMERSED CURRENT-LIMITING REACTORS 

These instrnctions do not purport to cuver 
all details or variations in equipment nor to 
provide for every possible contingency to be 
met in connection with i1istallation, operation 
or maintenance. Should further information 
be desired or should particular problems arise 
which are twt covered sufficiently for the 
purchaser's purposes, the matter should be 
referred to the General Electric Compatiy. 

PYRANOL 

Pyranol* is a cooling and insulating liquid 
which is noninflammable, chemically stable, and 
nonsludging. Pyranol supplied for use in trans­
formers is straw-yellow in color, and has a Say­
bolt viscosity of about 54 seconds at 37.8 C 
{100 F). 

Mineral oil is completely miscible in trans­
former Pyranol and affects its noninflammable 
characteristics. Since it is practically impossible 
to separate the two liquids after they have 
been mixed, it is important that contamination 
with any petroleum oils be avoided. 

Materials which are not soluble in Pyranol 
have been selected for use in constructing 
Pyranol transformers. No materials should be 
used in contact with transformer Pyranol except 
those approved by the General Electric Com­
pany. 

PYRANOL IMMERSED CURRENT­
LIMITING REACTORS 

A Pyranol immersed current-limiting reactor 
differs from a Pyranol immersed transformer 
in that it usually has no core. It gener~lly 
consists of one winding immersed in Pyranol 
in a standard transformer tank. 

The following instructions, given for trans­
formers, apply to these reactors. 

INSTALLATION 

lnspection 

Before installing, inspect the transformer 
carefully for damage which might have occurred 
in transit. Tighten any parts which may have 

•Reai1tared trad• •.;,ark for G.E askaret. 

worked loose, such as nuts and leads. Inspect 
the lead seals which are used to seal the valves 
at the base of the tank. They should be un­
broken when the transformer is received. 

Pyranol transformers are pressure-tight and 
are normally shipped completely assembled in 
their tanks filled with Pyranol, ready to install. 

Pyranol used for filling transformers should 
have a dielectric strength of 30 kv or higher. 
When the dielectric strength of Pyranol in 
transformers in service reaches 25 kv or lower, 
it .should be filtered in accordance with the 
section on" Drying and Filtering Pyranol." 

If the dielectric strength is very low, or if there 
is other evidence of free water, the core and coils 
should also be dried in accordance with instruc­
tions on" Drying Pyranol Transformers." Under 
certain temperature conditions, the Pyranol 
may condense into drops on the under side of the 
pressure-relief diaphragm. These drops should 
not be mistaken for free water. 

Methods of sampling and testing Pyranol are 
covered in the section on "Sampling Pyranol." 

If the transformer is to be operated at a high 
altitude (3000 feet or more above sea level) open 
a fitting above the liquid level, either the top 
sampling valve on the side of the tank or the 
filling plug in the cover, in order to equalize the 
internal and external pressures at approximately 
25 C before it is placed in operation. 

If a transformer must be opened for inspection 
out-of-doors on a damp or stormy day, proper 
precautions should be taken to prevent the 
entrance of moisture. 

Occasionally, due to weight or space limita­
tion, it is necessary to ship Pyranol transformers 
filled with gas. 

When transformers are shipped filled with 
gas, the following procedure may be found 
useful. A ¼-in. pipe connection will be found 
on the cover fitted with a plug so that a gage 
reading four to five pounds may be fitted to this 
connection to determine if the · gas in the tank 
still remains under pressure. If a positive pres­
sure is shown on the gage, the core and coils are 
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dry and it should be unnecessary to dry out the 
transformer. Inspect the coils, the inside of the 
tank, and underneath the cover for moisture; 
if any is found, dry the transformer. 

Before permitting the gas to escape, the core 
and coils should be at the same or higher tem­
perature than the surrounding air; otherwise 
moisture will condense on the internal parts. 
The core and coils of a transformer shipped in 
this manner should be immersed in Pyranol 
before being exposed to air because the insula­
tion is more susceptible to moisture after-such 
complete drainage for shipment. The gas 
should be forced out by opening the vents and 
slowly filling the tank with Pyranol through 
the bottom valve. Regardless of the method 
followed, the core and coils should be brought 
up to or above the temperature of the surround­
ing air before opening the tank for any reason. 

Note that the inert gas used in shipment is 
very little lighter than air and must be com­
pletely dissipated before anyone is allowed to 
enter a tank. 

Handling 

Lugs or eye nuts are provided for lifting the 
complete transformer and, when necessary, 
additional nuts and eyes are supplied for lifting 
the various parts. Transformers should be lifted 
by means of the lugs provided on the 'Side of the 
tank and proper spreaders should be used to 
obtain a vertical lift. The cover of the trans­
former should be bolted securely in place to 
prevent buckling of the tank wall. 

When necessary, transformers are provided 
with means for lifting with jacks, either by 
means of special jack bosses welded to the 
transformer case, or by an extension of the base 
of the transformer. In no case should the trans­
former be moved or lifted by placing jack or 
tackle under the drain valves, radiator con­
nections, or other attachments. When rollers 
are used, skids should be provided to distribute 
the stress over the base. 

Foundation 

The only foundation necessary for the installa­
tion of Pyranol transformers is a level floor 
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strong enough to support the weight. If the 
transformers are supplied with removable junc­
tion boxes, the boxes may be detached to facili­
tate lowering the tanks into vaults. 

If the transformer is equipped with a dia­
phragm mounted in the side of the tank, the 
transformer should be so placed that the dia­
phragm is not facing an aisle or passageway. 

Connections 

Do not change connections on a transformer 
that is under excitation or make any connection 
except those authorized by the diagram or 
nameplate accompanying the transformer. 

Tap leads on some transformers are connected 
to a ratio adjuster, the handle of which may 
extend through the cover or through the side 
of the tank or it may be under the cover. When 
the ratio-adjuster handle is brought out through 
the main cover or the side of the tank, the 
exposed mechanism is protected by a ratio­
adjuster cover. This cover must be in place to 
avoid the entrance of moisture. 

Leads not in use should be insulated from 
ground and from all other leads. 

Regardless of the floor or foundation on which 
the transformer is placed, unless prevented by 
special operating conditions, the tank should be 
grounded permanently and effectively by con­
necting to the grounding lug at the bottom of 
the tank. 

A good permanent low-resistance ground is 
essential for adequate protection. A poor ground 
may be worse than no ground at all, since it 
gives a false feeling of safety to those working 
around the equipment and may result in loss of 
life or damage to the apparatus. 

When a transformer or autotransformer is 
specially designed for use on a system having a 
solidly grounded neutral, be sure that the 
neutral lead, as indicated on the nameplate, is 
petmanently and solidly grounded without 
resistance. In transformers specially designed 
for this service, whether single-phase or three­
phase, the neutral lead is usually brought out 
through a bushing of a lower voltage rating than 
the line bushings. If the neutral is not solidly 
grounded, sufficient voltage may appear from 

• 

... 
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neutral to ground to cause arc-over of the 
neutral bushing. 

A transformer or an autotransformer is 
occasionally grounded through a low impedance 
or a tuned impedance of a higher value. In such 
instances the neutral bushing is of sufficient 
insulation strength to meet the specific condi­
tions. Special instructions accompany units for 
such applications. 

A single-phase transformer suitable for Y 
operation on either the high- or the low-voltage 
side may be so connected on either side, but not 
simultaneously on both sides unless precautions 
are taken to suppress third harmonic voltages. 

Two transformers of similar voltage rating 
may be operated safely in multiple when they 
have the same polarity, ratio, phase rotation, 
and angular displacement, and approximately 
the same per cent impedance. 

When desiring to operate transformers in 
multiple that are not of identical design, com­
municate with the nearest sales office of the 
General Electric Company for info1mation. 
Be sure to give serial numbers of the trans­
formers that are to be operated in multiple. 

Every transformer should be protected from 
lightning disturbances by some form of direct 
stroke protection and an approved lightning 
arrester should be installed as near as possible to 
the transformer to be protected. Provide the 
arrester with an efficient ground. 

Pressure Test 

Pressure test all Pyranol transformers before 
placing them in service. Subject the tanks to an 
internal pressure of five pounds per square inch 
when the installation is completed, using dry 
compressed air 01 dry nitrogen introduced 
through the filling hole in the cover. When this 
pressure has been attained, shut off the supply 
and allow the transformer to stand for 12 hours. 
Observe the pressure reading during this period 
and examine the tank and fittings for leaks. If the 
pressure holds constant, the joints are satis­
factory. Leaks above the Pyranol level may be 
located by applying a solution of soap and 
glycerin to all gasketed joints, pipe fittings, 
and cable connections. 
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Cooling Coils on Water-cooled Transformer 
The cooling coils are thoroughly dried before 

shipment, and all traces of moisture are re­
moved by means of a hot-air blast. Do not 
remove the caps from the terminals of the coils 
until ready to install or test them. Never circu­
late water through the coils unless the tank is 
filled with Pyranol as moisture might condense 
on the coil and later be absorbed by the Pyranol. 

After the tank is filled with Pyranol, make a 
final pressure test on the cooling coils at about 
150 lb per sq in. The best method is to use dry 
air pressure, so that any leaks may be located 
by observing bubbles in the Pyranol. If air is not 
available, fill the coils with Pyranol and apply 
pressure. After obtaining pressure, disconnect 
the supply, and after a half hour determine 
whether any fall in pressure is due to a leak in 
the coil or in the fittings at the ends of the coils. 

Gaskets 
For gasket materials and methods of applying 

see the section on " Gaskets." 

Storage 
Before storing a transformer, check it to see 

that the Pyranol is at the proper level. Renewal 
coils and insulation should also be stored under 
Pyranol in a container that can be sealed from 
the air. The storage room should be clean and 
dry and, when possible, without extreme tem­
perature changes. Before a transformer is 
placed in service from storage, instructions 
given under "Inspection" should be observed, 
particularly with regard to moisture. 

MAINTENANCE 
In general, from the standpoint of mainte­

nance, operation, overvoltage protecton, and 
overcurrent protection, Pyranol transformers 
should be treated the same as oil-filled trans­
formers. Specific instructions on items peculiar 
to Pyranol transformers are given in sections 
which follow. 

Handling Pyranol 
Transformer Pyranol may be handled in the 

same manner as mineral oil. Continued exposure 
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to liquid Pyranol may produce local skin irrita­
tions. Cleanliness among workmen handling Py­
ranol constitutes an adequate safeguard against 

such effects. Ordinary medicinal washes will re­
move any irritation caused by Pyranol coming 
in contact with an open cut or skin abrasion. 
A drop of castor oil will neutralize any irritation 
caused by contact of liquid transformer Pyranol 
with the eyes. As with most volatile materials, 
exposure to concentrated Pyranol vapors in 
unventilated rooms should be avoided. 

Transformer Pyranol must be handled in 
containers, pipes, all-metal hose, etc., which are 

free from oil, grease, pitch, or other foreign 
materials, since these contaminate the liquid 

and decrease its noninflammable properties. 
It is desirable that all such apparatus used in 
storing or transporting transformer Pyranol be 

maintained for exclusive use with Pyranol, 
as it is extremely difficult to remove all traces 
of oil or other Pyranol contaminants from 
equipment of this type. 

All-metal hose must be used in handling 
Pyranol instead of rubber-lined hose, since 
rubber is affected by Pyranol. 

Filling Transformers 

Although all Pyranol transformers are shipped 

filled with Pyranol, it may be necessary to refilJ 
a transformer. If so, proceed as follows: 

Before filling the transformer make sure that 
joints are tight. Open all air vents. 

In order to prevent aeration of the Pyranol, 
it is preferable to fill the transformer through 

the drain valve with a filter press. Fill to the 
25 C mark on the gage or up to the lower sam­
pling valve if no gage is provided 

Baked-on Glyptal paint is resistant to the 
action of Pyranol. Air-cured Glyptal paint used 
for touch-up work in the factory and for re­
painting in the field, however, requires a rather 
long curing period. Therefore, care should be 
taken lo remove all traces of Pyranol that is 

spilled or dripped on the outside of the trans­
former. 

Gaskets 

Gaskets installed on Pyranol transformers 
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should be made of special cork or other approved 
material furnished by the General Electric 
Company. 

In applying a replacement gasket, proceed 
as follows: 

1. Remove all traces of the old gasket 
material and cementing compound adhering to 
the gasket surface. 

2. Brush the gasket surfaces which are to be 
joined and the surfaces of the gasket itself with 

G-E Compound No. 880 {use G-E Compound 
No. 1276 on small distribution transformers) 
and allow to dry. 

3. If a cover gasket is being replaced, brush 
the bottom surface of the gasket and the tank 
gasket surface with the compound and set the 
gasket in position on the tank, using clamps or 

weights at frequent intervals to obtain the best 
possible adhesion to the metal. AJJow the com­

pound to set at least an hour so that when the 
weights or clamps arc removed the gasket will 
not slip. After the weights are removed, brush 
the top surface of the gasket and the cover 
gasket surface with the compound. Bolt or 
clamp the gasket surfaces together immediately 
with uniform pressure at all points until the 
spring washers, if any, are flat or until clamps 
are reasonably tight. After four hours, give a 
second tightening until the same conditions are 
met. 

4. If a bushing or similar gasket is being 
replaced, steps 1 and 2 should be followed, 
after which all the surfaces should be given a 
second coat of the compound. Bolt or clamp the 
gasket surfaces together immediately with 
uniform pressure at aU points until they are 
reasonably tight. Give a second tightening after 
four hours. 

Extra gaskets and cementing compounds 
for Pyranol transformers should be obtained 
from the General Electric Company. 

When assembling pipe fittings, clean the 
threads thoroughly to remove aU oil, grease, 
Pyranol, old compound and dirt. Apply a 
coating of G-E Compound No. 880 or No. 1276 
to the threads and screw the mating parts 
tightly in place. 

wigfi
Stolen 2 Line Transparent
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Periodic Inspection 

After the first few days of operation, the top 
and bottom Pyranol should be tested for 
dielectric strength. Refer to the section covering 
"Method of Taking Samples and Testing 
Pyranol." 

Pyranol samples may be drawn and tested on 
the same schedule as transformer oil. The 
inspection should be systematized and accurate 
records kept. If, at any time, the Pyranol tests 
below 25 kv, at room temperature, a filter press 
may be used to restore the dielectric strength 
to above 30 kv. 

If no facilities are available for making 
dielectric tests, samples may be sent to the 
General Electric Company, Pittsfield, Mass., 
in sample bottles obtained from the General 
Electric Company. Attach a tag to each sample, 
giving distinctly the serial number of the trans­
former or drum from which the sample was 
taken, the date on which the sample was taken, 
whether the sample was taken from the top or 
bottom of the transformer, whether 'the trans­
former is located indoors or outdoors, the 
weather at the time of sampling, and the tem­
perature of the liquid at the time of sampling. 
These samples should be packed carefully to 
avoid breakage in transit. 

Keep the level of the Pyranol in the trans­
former up to or above the mark on the Pyranol 
gage, or up to or above the lower sampling valve. 

The condition of the external transformer 
surfaces should be examined at regular intervals. 
If it is found that weathering is taking place, 
the surface should be cleaned thoroughly and 
repainted with a good grade of durable paint 
recommended by the General Electric Company. 

It is recommended that a pressure test be 
made in accordance with instructions under this 
subject once a year, or more often for severe 
operating conditions, to make sure that a 
complete seal is maintained. 

Water-cooled Transformers 

The ingoing cooling water should not have a 
temperature of over 25 C. Supply enough water 
so that the difference in temperature between 
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the ingoing and the outgoing is not more than 
10 C. It is recommended that thermometers be 
permanently installed in the ingoing and out­
going water connections, so that the difference 
in temperatures may be readily observed. 
Where multiple cooling coils are employed, sec 
that the flow through each section is such as to 
produce the same temperature rise in each. . 

To prevent condensation, never allow water 
to flow through any portion of an exposed coil 
above Pyranol in a transformer. 

Nearly all cooling water will in time form scale 
or sediment in the cooling coil, which materially 
decreases the efficiency of the coil. This is 
indicated by a high Pyranol temperature and a 
decreased flow of water, load conditions and 
water prcssu're remaining the same. 

Scale and sediment can be removed from a 
cooling coil without removing the coil from the 
tank. Disconnect both inlet and outlet pipes 
from the water system and temporarily pipe the 
coils to a point several feet away from the trans­
former, where the coil can be filled and emptied 
safely. Take special care to prevent any acid, 
dirt, or water from getting into the transformer. 

Blow or siphon all the water from the cooling 
coil, and pump it full of a solution of hydro­
chloric (muriatic) acid, specific gravity 1.10. 
(Equal parts of commercially pure concentrated 
hydrochloric acid and water will give this 
specific gravity.) 

After the solution has stood in the coil about 
an hour, flush out thoroughly with clean water. 
If all the scale is not removed the first time, 
repeat the operation until the coil is clean, using 
a new solution each time. The number of times 
it is necessary to repeat the process will depend 
on the condition of the coil, though ordinarily 
one or two fillings will be sufficient. 

The chemical action which takes place may 
be very violent and often forces acid, sediment, 
etc., from both ends of the coil; therefore, it is 
well to leave one end partially open to prevent 
abnormal pressure. 

Cooling coils with the ends through the cover 
will not drain under any conditions. To remove 
the water, blow them out with air under pressure 
of from 10 to 100 lb per sq in. 
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A cooling coil with both ends through the tank 
near the bottom, or with one end near the top 

and the other near the bottom, will only partially 
drain, even with both ends wide open. With 
such constructions a petcock located on the 
elbow at the upper end of the coil must always 
be opened while blowing out with air. 

If a water-cooled transformer is to be removed 
from service, it is recommended that the cooling 
coil be drained thoroughly, dried by hot air, 
filled with transit oil, and sealed. 

Limiting Temperatures 

Do not run an artificially cooled transformer 
continuously, even at no load, without the 
cooling medium. If the circulation of the cooling 
medium is unavoidably stopped, immediately 
reduce the load as much as possible and keep a 

close watch on the winding temperature (if a 
temperature indicator is available) and on the 
Pyranol temperature. 

For continuous full-load and overload opera­
tion, refer to ASA guide for loading power and 
distribution transformers ASA-57.1, -57.2 and 

-57.3. 

Sampling and Testing Pyranol 

In the sampling and testing of transformer 
Pyranol, as with any insulating liquid, strict 

attent~on should ,be given to the cleaning and 
drying of sampling and testing receptacles. 

Samples of Pyranol which is questionable 

should be submitted to the General Electric 
Company, Pittsfield, Mass., for laboratory tests. 
When the factory analysis of a sample indicates 
soluble contamination of a character that 
impairs the serviceability of the Pyranol, 
detailed recommendations for correcting the 
situation will be made. Oil is the only contami­
nant usually found in Pyranol which cannot 
readily be removed by the combination of 
fuller's earth and paper filtration described in 
these instructions. It is essential, therefore, that 
the operator be particularly careful to avoid 
Pyranol contamination by oil. 

The procedure outlined herewith should be 

followed to obtain consistent results from 
samples taken either for field or factory tests. 
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Sampling from Transformers 

1. Samples should preferably be taken when 
the temperature of the transformer is near 25 C. 
Take samples from outdoor apparatus on a 
clear day only, and guard against contamination 
by wind-blown dust, etc. 

2. Glass bottles for samples should be 

obtained from the General Electric Company, 
Pittsfield, Mass. These will be supplied filled 
with new transformer Pyranol to prevent 
contamination of the bottle and to replace the 
Pyranol which is withdrawn as the sample. 

3. If in emergency it is necessary to use 
other containers than the sample bottles ob­
tained from Pittsfield, only small-neck glass 
bottles should be used and the following pro­
ced~re should be followed in cleaning the 
container. 

Rinse sample containers with oil-free gasoline. 
Then wash them with strong soapsuds, rinse 
thoroughly with water, and dry in an oven at 
105 C to 110 C for at least eight hours. After 
drying, the bottles must be tightly stoppered 
with a glass stopper, or with a clean cork 
protected by clean metal foil. 

4. Impurities tending to affect the dielectric 
strength of Pyranol will in general be at the 
top of the liquid, and therefore the sample 
should be taken from the top through the 
small valve or plug provided for this purpose. 
Carefully clean the valve or plug .and allow 
enough Pyranol to run out so that any moisture 
or foreign material which may have collected 
in the drain pipe, valve, or plug is removed. 

5. After the new Pyranol contained in a 
sample bottle received from Pittsfield is poured 
into the transformer, allow the sampling bottle 
to drain thoroughly. 

6. Draw a sample into the bottle, leaving 
sufficient air space to allow for possible expan­
sion of the Pyranol. Carefully seal the container 
to prevent any exposure of the Pyranol to the 
atmosphere, using the stopper removed from 
the bottle. 

7. If it is necessary to sample when the 
transformer is appreciably warmer or cooler 
than 25 C, the transformer tank should be 
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vented to the air at the first opportunity that 
presents itself when it is near that temperature. 
This should be done so that excessive pressure or 
vacuum will not result when extensive changes in 
temperature take place during operation. 

Sampling from Drums 

1. Take samples from drums after the 
Pyranol has remained undisturbed for at least 
eight hours. Samples should be taken only when 
the Pyranol is at least as warm as the surround­
ing air. If drums are outdoors, take samples on 
a clear day only and guard against wind-blown 
dust, etc. Take a sample from the top of the 
drum by means of a chemically clean thief. 
Observe sampling precautions before outlined. 

2. Clean the glass thieves in the same man­
ner as the bottles are cleaned and store them in a 
dust-free cabinet, preferably at a temperature 
not less than 37.8 C (100 F). 

Testing for Dielectric Strength 

For testing the dielectric strength ot Pyranol 
the technique as specified by the American 
Society for Testing Materials in the test method 
entitled, "The Standard Method of Testing 
Electrical Insulating Oils" shall be followed. 
The following precautions and modifications 
must be observed. 

1. Set the spacing of the electrodes at 0.100 
inches. 

2. The test cup and electrodes should be 
wiped clean with dry, calendered tissue or 
clean, dry chamois and thoroughly rinsed with 
oil-free dry gasoline. 

3. Fill the test cup with dry gasoline and 
"nake a breakdown test under standard condi­
tions of voltage application (3 kv per second 
rise). If the dielectric strength is not less than 
25 kv, the cup is considered suitable for testing 
purposes. The usual precautions in handling 
gasoline should be observed. 

4. Immediately after the final rinsing with 
gasoline, the test cup should be rinsed with the 
Pyranol under investigation and the test pro­
ceeded with at once. 
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5. The temperature of the Pyranol when 
tested should be the same as that of the room 
which should be between 20 C and 30 C (68 F 
and 86 F). Testing at lower temperature is 
likely to give variable results which may be 
misleading. 

6. After filling the test cup, the Pyranol 
should be allowed to stand for three minutes 
before test in order to allow entrained air 
bubbles to escape. 

7. When making tests, take only one test 
per filling, filling at least three times and 
averaging the results. 

Drying and Filtering Pyranol 

Transformer Pyranol will seldom require 
.filtmtion because the tank of a Pyranol trans­
former is sealed. When it is necessary to filter 
Pyranol to remove moisture or foreign material, 
the following is the recommended procedure: 

The Pyranol purifier consists of a specially 
proportioned filter press, a positive-volume gear 
pump, driving motor, combined drip pan and 
mixing tank, and the necessary piping valve, 
strainer, gages and drying ovens. Any equip­
ment used for filtering Pyranol should .first be 
thoroughly cleaned to remove foreign material, 
including oil. Oil contamination should be 
avoided because oil is completely miscible in 
Pyranol and cannot be separated by any 
practical method. It is recommended that wher­
ever possible separate equipment be reserved 
for the exclusive use of Pyranol. 

TO REMOVE MOISTURE FROM PY­
RANOL OR ANY INSULATING LIQUI D 
A T HOROUGHLY DRY F ILTERING ME­
DI UM IS ESSENTIAL. Filter paper and 
fuller's earth are used for this purpose in the 
Pyranol purifier, and the effectiveness of t he 
filtering process is proportional to the care and 
thoroughness with which these materials are 
dried initially. 

Drying the Paper 

The filter paper should be separated as it is 
hung on the rods in the oven, to permit free 
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circulation of air and insure the most rapid 
drying. The paper should be dried from six to 
twelve hours (depending upon the condition 
of the paper and the separation of the sheets), 
at a temperature of 85 to 100 C. After drying 
it should be taken from the oven directly to 
the filter or, if this is not convenient, it may 
be stored in dry Pyranol for future use. When 
transferring the paper, care should be taken 
to handle it as little as possible to avoid the 
absorption of moisture from the hands and 
to minimize the time that the paper is exposed 
to the air. Filter paper exposed in normal 
atmosphere will reabsorb, in as little time as 
ten minutes, two-thirds of the moisture that it 
will ultimately take up from the air. 

Drying the Fuller's Earth 

The drying of fuller's earth requires tempera­
tures higher than the 85 to 100 C used to dry 
the filter paper. Placed in pans two or three 
inches deep, fuller.'s earth can be dried in from 
two to three hours, if held at a temperature of 
200 C or higher. A temperature of 300 C can be 
used without impairing the earth. In fact, it 
dries faster at these high temperatures and 
gives up a greater percentage of its normal 
moisture content. 

When a high-temperature oven is not avail­
able the standard filter-paper oven may be 
utilized by operating it at a temperature of 125 
C and keeping the earth in the oven for about 
24 hours in pans not over three inches deep. 
Filter paper will be physically weakened if 
subjected to these temperatures and, therefore, 
cannot be safely dried with the earth. 

Handling Dried Filtering Medium 

Because any dry filtering medium will re­
absorb moisture from the air in a matter of 
minutes, it is essential that it be protected from 
contact with the air while being transferred 
from the oven to the filter press. Where the 
oven is located immediately adjacent to the 
filter, the individual sheets of paper and the 
earth may be quickly transferred from the 
oven to the filter, but where the oven is located 
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some distance away, the filtering medium, as 
soon as removed from the oven, should be 
covered with dry Pyranol, and should remain 
covered until loaded in the filter. Filter paper or 
fuller's earth once submerged in Pyranol cannot 
be effectively re-dried. 

Chargitig the Filter 

The frames and plates should be placed 
alternately and so positioned that, when facing 
the pump or head end of the equipment, the 
small projections on their top edges are at the 
right-hand side. 

Three sheets of dry filter paper should be 
placed between each plate and the adjacent 
frame, care being taken that the holes in the 
paper correspond to those in the plates. As soon 
as they are thus positioned, the plates and 
frames should be pushed together, to prevent 
free circulation of air past the paper while the 
remaining sheets are being inserted. When all 
the sheets are in position, the press should be 
clamped securely by means of the compression 
screws at the back of the assembly. 

The charge for the filter should consist of six 
pounds of 80/300 mesh fuller's earth (the 
equivalent in volume to a little more than one 
gallon liquid measure). About a third of this 
charge should be mixed with five or six gallons 
of clean Pyranol in the mixing tank. When 
thoroughly mixed, the valve leading from the 
mixing tank to the pump and that between the 
press outlet and the drip pan should be opened, 
while the other valves should be closed. The 
motor should then be started to circulate the 
Pyranol and fuller's earth mixture through the 
press and thus deposit a layer or cake of fuller's 
earth on the surface of the filter paper. After the 
pump has been running about five minutes, 
the remainder of the six-pound charge of earth 
may be added gradually to the mixing tank, 
being careful to stir the mixture thoroughly to 
prevent any dry lumps of earth being drawn 
into the pump. The addition of the remainder 
of the earth will take from 10 to 15 minutes. 
It is recommended that the outfit be run at 
least five minutes after the last of the earth is 
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added to make sure that all earth is deposited 
in the press and that the cake is of proper deptb. 

The purifier is then ready for use. 

Operation 

The most effective procedure for filtering is 
to pump the Pyranol through the filter and into 
a clean tank. When this is not practical, the 
circulation method may be used, whereby the 
impure fluid is pumped directly from the trans­
former tank through the filter and back to the 
same tank. In such cases it is recommended 
that the transformer be de-energized. 

Since most of the free water and sediment are 
usually found near the top surface of the Pyranol, 
the inlet to the filter should be connected to 
the top of the transformer tank and the return 
fluid delivered into the bottom. During the filter­
ing operation any air which has been drawn 
into the filter press will be discharged into the 
bottom of the transformer tank and therefore 
sufficient time (two hours or more) should be 
allowed for this air to escape before the trans­
former is re-energized. If these instructions 
are followed, there should be no difficulty in 
obtaining a dielectric strength of 30 kv or higher, 
as measured with one-inch disks set 0.1 inch 
apart. 

Cleaning the Filter 

Compressed air passed through the press will 
release a considerable · amount of Pyranol that 
would otherwise be retained in the earth and 
filter paper. 

To do this, first close all valves except the one 
leading from the filter press outlet to the drip 
pan. Then connect a supply of dry, oil-free 
compressed air to the connection at the press 
inlet and pass the air through the press until 
no further Pyranol is discharged into the drip 
pan. Air pressures as high as 100 pounds can be 
used; the higher the pressures the more rapidly 
the Pyranol is forced out. 

In addition to saving Pyranol this operation 
simplifies the subsequent removal of the earth 
and filter paper. After blowing out the press, 
the individual frames, with the filter paper held 
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in position on each side, can be lifted from the 
press intact, and the earth and paper discarded 
with minimum effort. 

Pump 

The purifier is equipped with a constant­
volume gear pump having a built-in relief valve 
adjusted to limit the output pressure to 100 
pounds per square inch. The higher specific 
gravity of Pyranol does not permit long or high 
"suction" lifts, hence it is desirable to so locate 
the filtering apparatus that the inlet connections 
will be as short as practical. The Pyranol should 
preferably flow into the pump by gravity. 
Where long runs cannot be avoided, the use 
of large hose will give the best results. 

Where it is necessary to filter Pyranol in 
transformers located in subway manholes or 
street vaults, space limitations usually make it 
impractical to lower the purifier into the vault. 
To maintain full capacity operation under 
these conditions, it is recommended that a 
portable auxiliary motor and pump unit be 
installed in the vault to pump the Pyranol up 
to the filter. 

After the equivalent of several months of 
continuous service, the abrasive action of the 
fuller's earth passing through the pump gears 
may cause considerable wear, particularly if the 
Pyranol and fuller's earth are not well mixed. 
The filter is designed for convenient pump 
replacement and when this wear has advanced 
to the extent that the output of the apparatus 
is appreciably below normal, a new pump should 
be installed. While individual repair pat"ts can 
be obtained for these pumps, the wear will be 
found to be so generally distributed over the 
whole pump that a complete replacement is 
advisable. 

Motor 

The 1.5-horsepower motor is geared directly 
to the pump. Ordinarily, a single-phase, 110/220-
volt 60-cycle induction motor is supplied, but 
motors for other voltages and frequencies or for 
direct current may be obtained. 
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Strainer 

T he strainer is provided to prevent anything 
of appreciable size from entering and injuring 
the pump. It is easily accessible and should be 
thoroughly cleaned at regular intervals. 

Electric Drying Oven 

The following table gives the maximum allow­
able load which may be used with various corre­
sponding maximum allowable top Pyranol tem­
peratures. I t is desirable to hold 85 C top 
Pyranol temperature with 50 per cent load if this 
is possible. A load of 125 per cent may be used at 
the start until the top Pyranol reaches 65 C, then 
reduce the load for obtaining constant tem­
p.erature in accordance with the following tabu­
lation. 

The oven for this purifier requires approxi­
mately 1400 watts and is designed to operate 
from either 110-volt or 220-volt single-phase , 
alternating current. The oven is provided with 
an automatic heat control to avoid overheating 
the paper and earth. The oven is divided into 
four compartments, each with rods for sus­
pending the filter paper for drying. 

MAXIMUM ALLOWABLE SHORT·CIRCUIT 
AMP&R&S IN PER CKNT OP PULL LOAD MaK.imum 

Water• and Forced-
Allo•able 

Top Pyranol 
Self-cooled Trana. Pf ranol Cooled Temperature 

ran1!ormer 

50 50 85 C 
75 60 80 C 

75 C 

Drying Pyranol Transformers 

Pyranol transformers should be dried by the 
short-circuit method with t he transformer kept 
sealed since loss of Pyranol due to evaporation 
will result from the temperatures which the 
transformer must necessarily attain in order to 
drive off moisture. During the heat run the 
Pyranol should be circulated through a paper 
:filter press or, preferably, through a filter press 
with fuller's earth and paper. Either method 
will remove the moisture from the Pyranol, but 
the latter will, in addition, remove soluble 
contaminants from the liquid itself. (Drying 
will be slower than if it were feasible to thor­
oughly ventilate the top of the tank because 
moisture filtration from the hot Pyranol is 
rather slow at high temperatures.) 

A filter press which has been reserved for use 
with Pyranol is preferable. If, however, in an 
emergency it is necessary to use a paper filter 
press which has been used previously for oil, it 
must be thoroughly cleaned, removing all traces 
of oil by the use of Pyranol, carbon tetrachlo­
ride, naphtha or gasoline. The Pyranol and 
windings should be heated by short-circuiting 
one winding and applying suitable voltage and 
current to the other winding. The desired tem­
perature may be attained by blanketing the 
tank and the cover should be lagged in order to 
prevent condensation. 

85 75 

When heat is generated in the windings, do 
not allow the top Pyranol temperature to exceed 
the specified value for a given per cent load, 
since the windings are at a higher temperature 
than the Pyranol and damage to insulation will 
result. 

The filtering, if done continually, may keep 
the Pyranol temperature too low, hence it may 
be preferable to filter periodically. 

The drying should be continued until the 
dielectric strength of the Pyranol is restored to at 
least 30 kv when tested with the Pyranol at 
room temperature. 

Spare Transformers 

Time and expense will be saved i{ spare units 
are kept in readiness for instant use. The follow­
ing items should be inspected during periods of 
idleness: Pyranol level, Pyranol dielectric 
strength, relief diaphragms, fan control and con­
duit, mercury seals, load-ratio control, also 
nitrogen-gas analysis for oxygen content, gas 
supply and control, gas relief pressure alarm 
(when nitrogen gas seal is used). 

Also inspect for condensation in all cabinets, 
junction boxes, as well as on the underside of 
covers of apparatus not having conservators or 
nitrogen gas seal. 

12 
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LOCAL CONDITIONS AFFECTING 

THE OPERATION AND LIFE 

OF TRANSFORMERS 

Impure Air 

Unless special care is taken, trouble may be 
experienced with transformers which are in­
stalled where abnormal conditions prevail. 

Bushings must be kept clean, since the for­
mation of conducting deposits may cause 
bushing arc-overs. 

Transformers near the seacoast should be kept 
well painted to prevent t he corroding of any 
metal parts by the damp salt air. 

Conduit piping leading from the station to 
the terminal box at the transformer should be 

sealed to prevent warm air flowing to the box and 
condensing. 

Altitude 

If a transformer is moved to a location of a 
higher altitude, the effects are to increase its 
temperature rise (if self-cooled) and to lower 
the arc-over voltage of the bushings due to the 
decreased air density. These effects must be 
considered if a transformer is operated at a 

higher altitude than that for which it was 
designed. 

Standard bushings may be used at any 
altitude up to 3300 feet. If transformers are to be 
moved to an elevation higher than 3300 feet, 
first communicate with the nearest office of the 
General Electric Company relative to suitability 
of the bushings. 

Transformer Housint 

When large self-cooled Pyranol transformers 
are installed in vaults or compartments, it is 
necessary to thoroughly ventilate the compart­
ment. Provide cool air inlets in or near the 
floor and outlets in or near the roof. Have the 
latter six feet or more above the top of the 
transformer. The number and size of air 
outlets required will depend on their distance 
above the transformer, and on the efficiency and 
load cycle of the apparatus. In general, provide 
about 20 square feet each of inlet. and outlet 
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opening·for each 1000 kva of transformer capac­
ity. If the transformer will be required to oper­

ate for considerable periods at continuous full 
load, the areas of openings should be increased to 
about 40 ~quare feet per 1000 kva of transformer 
capacity. 

Arrange the air inlets and outlets so that they 
are permanently open. Do not use as ventilators 
windows or doors which may be opened and 

closed by attendants, due to the danger of 
excessive heating in case they are inadvertently 

left closed during periods of heavy load or high 
temperature. 

If forced ventilation is used, supply about 
5000 cubic feet of air per minute for each 1000 
kva of transformer capacity, and conduct the 
incoming air directly to the transformers so that 
.it will flow up through and around the radiating 
members of the tank. If this cannot be done and 

\he air is merely moved through the room, 
provide about 10,000 cubic feet per minute for 
each 1000 kva. 

Do not let the temperature of the room in 
which the transformer is installed exceed the 
temperature of the air entering the room by 
more than 5 C. The entering air should come 
from the outside, or at least from a source not 
much warmer than the outside air. 

ACCESSORIES 

Thermometers 

For Small Transformers 

The thermometers usually furnished with 
these transformers are known as Form P. This 
type of thermometer is attached to the side of 
the tank near the top, with the bulb extending 
into the top Pyranol, supported by a short 
length of capillary tubing. 

Each thermometer is equipped with a max­
imum reading hand which may be reset by 
rotating the knurled projection in front of the 
case. Do not turn the maximum reading hand 
past the instantaneous indicating hand. 

This type of thermometer when provided 
with alarm contacts is known as Form P-2. 
When this thermometer is shipped from the 
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factory, the alarm contacts are set to operate at 
65 C for water-cooled transformers, and at 80 C 
for self-cooled transformers. 

If the bulb interferes with the removal of the 
core and coils from the tank, the tubing may be 
bent to one side. Do not bend it at the same 
place often enough to fatigue the metal. 

For Other Transformers 

Thermometers for larger transformers are 
known as Form M. The bulb of this ther­
mometer is located in the top Pyranol with the 
indicating dial mounted near the nameplate. 

The capillary tube passes through the cover of 
cover-lifted transformers, and through the tank 
wall on other types. On transformers with the 
thermometer tube passing through the cover, 
detach the thermometer dial and place it on top 
of the cover before removing the transformer 
from the tank. On other types the cover may be 
removed without disturbing the thermometer. If 
the transformer is to be lifted out of the tank, 
first remove the thermometer bulb from its sup­
porting bracket. 

Thermometer readings taken frequently will 
indicate abnormal conditions affecting the trans­
former. The reading must not be relied upon as an 
indication of permissible load, except with the 
limitations noted under "Limiting Temper­
atures." 

All Form M thermometers are provided with 
alarm contacts. When these thermometers are 
shipped from the factory, the alarm contact is 
set to operate at 65 C for water-cooled trans­
formers and at 80 C for self-cooled transformers. 
These contacts may be readily adjusted to oper­
ate at other points on the scale. 

To adjust the alarm contacts of Forms P-2, 
M-12, or M-121 thermometers, first take off the 
bezel ring and glass by ~moving the six ,clamp­
ing screws. Immerse the bulb of the instrument 
in a fluid at the desired alarm temperature. 
Loosen the screw holding the cam on the pointer 
spindle, and rotate the cam until the contacts 
just close. 

To check the setting, lower the temperature 
of the thermometer bulb approximately five 
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degrees. If the setting is correct, the contacts 
will open. 

To change the alarm adjustment on Forms 
M-10, M-11, M-14, and M-15 thermometers. 
unscrew the bezel ring that secures the glass. It 
will be seen that the circuit is made between a 
contact on the instrument hand and another 
carried at the end of a hairspring. This second 
contact is held in position by an arm which 
shows the contact setting on the instrument scale. 
It is held in place by friction. To change the 
setting, rotate the arm until it points to the 
desired temperature upon the scale, then replace 
the bezel. 

Thermotel 

When a Thermotel is supplied with the trans­
former, frequent observations should be made, 
since the Thermotel indicates the maximum 
percentage of the transformer capacity utilized 
since the last observation, assuming that the 
Thermotel was reset at that time. Should an 
overload occur for a sufficient length of time to 
produce an unsafe operating condition, the 
indicating semaphore will be tripped. When 
this occurs, the semaphore should be reset by 
moving the small lever at the bottom of the 
Thermotel to the left. Then make observations 
from day to day and if the semaphore is tripped 
the second time, the cause should be determined. 

Resetting the semaphore also resets the 
maximum indicating hand to give an instan­
taneous reading. 

Relief Diaphragm 

A pressure relief diaphragm is standard 
equipment on all Pyranol transformers above 
25 kva. 

This device consists of a diaphragm made of 
frangible material, held in place by flanges 
fastened to the transformer. 

In an older type, the diaphragm is held 
between one flange welded to the transformer 
and another separate flange by cap screws fitted 
with lock washers. The diaphragm is protected 
on both sides by cushioning gaskets. 
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The technique employed in bolting down this 
type of d iaphragm and making the seal is of 
prime importance, since the rupture strength 
of the frangible material depends materially 
on the care with which this operation is per­
formed. 

Clean the gasket surface of the tank flange 
thoroughly. Coat both sides of the inner gasket 
with G-E No. 880 or No. 1276 Compound, lay it 
on the tank flange and place the diaphragm 
over the gasket, being careful to center it 
properly. Lay the cushion gasket over the 
diaphragm and assemble the clamping ring over 
the cushion, holding it in place with cap screws. 

Equal distribution of stress can be obtained by 
tightening the three alternate cap screws until 
the spring in the lock washer is almost taken up. 
The cap screw diametrically opposite the third 
screw tightened should then be turned until the 
spring in the lock washer is taken up. The two 
screws diametrically opposite the other two 
screws are then to be tightened in the same way. 
This tightening process is to be repeated until 
the gasket is compressed to half its original 
thickness or until there is a space of -h inch 
remaining between the grooved flange and the 
clamping ring. 

In a newer type, the frangible material is held 
between two flanges separate from the trans­
former. The diaphragm with cushioning gaskets 
on each side is assembled between these flanges 
under a press so that uniform pressure around 
the whole circumference is obtained. This 
assembly is held together with countersunk flat­
head screws. In bolting this assembly to the 
tank a gasket covered with G-E No. 1276 Com­
pound on both sides is placed on the tank 
flange and the diaphragm assembly is bolted to 
it with cap screws fitted with lock washers in the 
manner specified above for the other type of 
diaphragm. This type of diaphragm is shown in 
Fig. 1. 

Outdoor power transformers are provided with 
a type of pressure relief which is mounted at 
the end of a curved pipe on the cover as shown 
in Fig. 2. The relief diaphragm is a thin disk 
of molded material (Herkolite) firmly held 
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Fig. 1. Section through the Relief Diaphragm 

between gaskets and clamping rings. This 
relief disk is protected from the weather and 
mechanical injury by a metal cover held firmly 
over it by spring tension. Through the edge of 
this cover opposite the hinge is the relief pin 
which is screwed into the diaphragm clamping 
ring to hold the cover closed. This relief pin is 
made of treated aluminum to prevent corrosion. 
It will break at 10 pounds tension. 

•On occurrence of a sudden pressure within 
the transformer tank the diaphragm will move 
out against the cover, putting tension on the 
relief pin which breaks when the tension 
reaches a predetermined value. As soon as this 
relief pin breaks, the diaphragm comes against 
a knife edge centrally located over the front 
of the diaphragm. This knife edge cuts through 
the diaphragm which breaks open to relieve the 
pressure. As soon as the pressure has been 
relieved, the cover is closed by spring tension, 
shutting firmly against a rubber gasket. This 
action prevents any moisture from entering 
the transformer. 

To renew the relief diaphragm after it has 
been ruptured, it is necessary to take out the 
cap screws and remove the front clamping ring. 
There are notches provided under opposite 
edges of this ring into which wedges can be 
inserted to separate the flanges. When putting 
in a new relief diaphragm, a new diaphragm 
gasket must be used. Brush this gasket on both 
edges and one side with a thin coat of G-E No. 
880 or No. 1276 Compound and allow it to set. 
Then apply a fresh coat of the compound to 
the gasket ring in the metal and put the gasket 
in place. No compound should be used on the 
gasket surface which comes against the di­
aphragm. Bolt the clamping ring and cover 
assembly firmly in place. 
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Fie. 2. Pre11ure Relief for Outdoor Power Pyranol Tranaformera 

Put a new aluminum relief pin through the 

steel pin in the edge of the cover and screw it 
into the steel clamping ring. Use a nail in the 

hole just above the threads of the relief pin to 
screw it in place, and draw it down only enough· 
so that the head of the relief pin comes against 
the steel pin in the cover without putting any 
stress on the aluminum pin. Do not tum the 
relief pin by its top end. After the relief pin is 
screwed in place, seal it to prevent tampering 
by using a piece of copper wire through the hole 
in the head of pin and passing the wire around 
the steel pin as shown in Fig. 1. 

For shipping purposes the aluminum relief 
pin is removed and shipped separately with 
extra pins, gaskets and relief diaphragms. The 
relief cover is also securely closed with wire. 
The wire must be removed and the relief pin 
must be assembled in place as previously de­
scribed. 

Pyranol filled junction boxes on power trans­
formers are provided with a pressure relief 
similar to one of the types previously described. 

Gas Absorbers and Vent Pipes 

Pyranol transformers can be installed in a 
building without fireproof vault, in accordance 
with the requirements of the 1940 National 
Electrical Code• since in sizes above 25 kva 

they are equipped with pressure-relief dia­
phragms or vents. This diaphragm meets the 
code requirements for transformers installed in 
well-ventilated areas. The upper steel clamping 
ring which fastens the diaphragm to the trans­
former is provided with tapped holes, arranged to 

permit the easy attachment of a vent pipe that 
can be carried to the outside air, to a chimney, or 
to some other ventilating flue. 

Vent Pipe 

When a vent pipe is provided for carrying 

• LIQUID THAT WILL NOT BURN: A tnnsfor_, im­
-l'Md 1n an approved liquid that will not bum and rated in eaeen 
!)f 26 kva ahall ~ furniabed with a _preuure-relief vent. If inatalled 
1n a poorly ventilated place inaide of a buildin1 it ,hall alao comply 
with one of the followin, conditiona: • 

I. It aball !>e f!l"!llhed with a meant for abeorbing any 1ue1 
1enuated by arc,na uwde the cue or 

2. The preuure-relief vent il.;i1 be connected to a chimney 
or llue •!>ich will carry aucb cuea outaide the bw1clina. (Article •603. Met.Ion b.) 
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Fig, 3 . Pyranol transformer with gas absorber 

gases away from a poorly ventilated are::r, it is 
recommended that its diameter be no smaller 
than the clear diameter of the frangible di­
aphragm to which it is attached; that is, either 
six or eight inches, as shown in the outline (Fig. 
5). It is also recommended that the metal of 
which the vent pipe is made shall not be lighter 
than No. 16 gage and that it shall be installed 
with the minimum of bends in order to provide a 
free passage of gas. I t is further recommended 
that provision be made for inspecting the 
diaphragm and for removing any moisture that 
may accumulate on it. It is preferable that the 
pipe be so arranged that moisture cannot collect. 
on the diaphragm. 

Gas Absorber 

Where it is not practical to install a vent 
pipe, a gas absorber can be installed on the 
flange over the frangible diaphragm, as shown 
in Figs. 3, 4, and 6. It is designed to absorb the 
gases produced by arc disintegration of part of 
the Pyranol in the transformer: two per cen t of 
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Fig. 4. Pyra.nol transformer with gas absorber 

the Pyranol in distribution and power trans­
formers, and five per cent for a-c network trans­
formers. 

This absorber has a steel tank with a mount­
ing flange at the bottom for attachment to the 
relief vent of the transformer tank. At the top is a 
diaphragm, with protecting cover. 

Inside the absorber tank are several trays, 
one above the other, each of which has a 
perforated steel bottom. The trays are fastened 
together by a center bolt to facilitate assembly, 
and the entire group is secured to the absorber 
tank by two studs. The bottom tray is filled with 
chipped marble; the upper trays contain G-E 
Compound A50P9. For transformers over 500 
kva, all t rays contain the compound. 

When an arc in the transformer generates gas 
and raises the pressure sufficiently to break the 
diaphragm on the transformer, the gas passes 
into the absorber and is absorbed by the com­
pound. Liquid carried along with the gas is 
stopped by the chipped marble and drains back 
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Fig. 5. Vent Pipe Flange Outlines and Dimensions 

into the transformer. If the gas exceeds the 
capacity of the absorber, the top diaphragm 
breaks. 

Application 

Under the provisions of the National Electrical 
Code, it is the responsibility of the local code 
authority to determine whether vent pipes or 
absorbers are required for a given installation. 
Important factors to be considered are: The 
energy available in the circuit to which the 
transformers are connected; the type of pro­
tective equipment; the area and volume of the 
room in which the transformers are installed; 
the ventilation facilities in ' the room; the 
number of people employed in the area; and the 
proximity of the employees to the trans­
formers. 
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If absorbers are used, it is recommended that 
one absorber be used with each transformer. If 
one absorber is connected to two or more 
transformers by means of a header pipe, there is 
the possibility that if one transformer fails and 
sufficient gas is generated to break the glass 
diaphragm in that transformer, the pressure in 
the header pipe may also be sufficient to break 
the diaphragms in the other transformers. Fur­
thermore, if more than one transformer were 
simultan~ously involved in trouble, sufficient 
gas might be produced to exceed the capacity of 
one absorber. 

The absorber should be inspected at intervals 
to make certain that the diaphragms are intact 
and that the compound in the absorber trays 
has not become damp or caked. 

When a gas absorber is supplied, a separate 
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instruction book accompanies the apparatus 
which describes the installation, operation, and 
care of the device. 

Sampling Valve 

Some transformers are provided with a 
sampling valve in which the height of the intake 
may be carried to coincide with the rise and fall 
of the Pyranol level caused by temperature 
changes. This type of valve makes it possible to 

· obtain a sample at the surface of the Pyranol at 
any time. 

The valve is placed in the tank wall at a point 
about one inch below the 25 C Pyranol level. 
The intake pipe is a tube inside the tank located 
parallel to the tank wall, the end of which may 
be raised or lowered by rotating the outside 
part of the valve by moving the handle which 
extends below it. Note that when the handle 
points straight down, the intake pipe points 
straight up and is in position for maximum 
Pyranol level. The valve is fitted with a knurled 
nut which may be opened by hand or by the use 
of a coin or screwdriver. 

To take a sample, set the operating handle 
pointing down, open the valve, and rotate the 
operating handle slowly until the liquid begins to 
flow, at which point the rotation should be 
stopped to assure getting a sample of the surface 
liquid. 

Some transformers do not use the rotating 
feature, in which case the sample is taken by 
merely opening the valve, allowing the liquid to 
flow out. 

Pyranol transformers are sealed and no breath­
ing takes place with the rise and fall of the Pyranol 
level. Thus, when the Pyranol is at a tem­
perature other than 25 C, there is either a 
pressure or a vacuum within the tank, depend­
ing upon whether the temperature is above or 
below 25 C. For this reason it is advisable to 
take a sample only when the Pyranol level gage 
is resting on or slightly above the 25 C mark. If 
the valve has been opened at any other time 
and the vacuum or the pressure has been re­
lieved, the valve should again be opened when 
the Pyranol next passes the 25 C level so that no 
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Fig. 6. Absorber 

abnormal pressure or vacuum will be developed 
during subsequent changes in temperature. 

Ratio Adjusters 

Ratio adjusters furnished with transformers 
are of several types, known as "drum," "plung­
er," "crab" and "wedge." 

Indicating marks on stationary and rotating 
parts of all adjusters must be in alignment when 
the adjusters are on the .first position. 

NoTE.-Do not attempt to change connections 
by means of the ratio adjuster while a trans­
former is under load or excitation. 

Drum Type 

A change in voltage ratio with a drum-type 
ratio adjuster is made by a partial turn of the 
handle. Remove the two bolts that hold the 
handle in place or the cover over the handle and 
turn until the index line points directly to the 
desired figure on the dial before connecting the 
transformer in circuit. After the handle is in the 
proper position, it should be locked securely by 
replacing the two bolts. or the cover. 
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Before removing a power transformer cover, 
take out the bolts that attach the ratio adjuster 
to the cover flange, then lift the handle and shaft 
out of the cover. Do not replace a cover on a 
tank with the operating rods in place. First 
assemble the cover and lower the rods through 
their respective openings, noting that they 
engage properly with the adjusters, and finally 
add the cover-operating mechanism to indicate 
the tap actually in circuit. Indicating match 
marks on the rods and on the internal structure 
show the proper assembly of these parts. 

Sometimes in reassembling it may be necessary 
to change the vernier coupling in order to obtain 
proper alignment of the shafts. 

When ·more than one operating rod is fur­
nished, the rods are numbered in accordance 
with the nameplate, and are not interchange­
able. The slot and pin joining the rod to the 
operating cap are larger on one side of the rod 
than on the other to aid in making correct 
assembly. A vernier coupling is used between 
the rod and the operating cap to assure that the 
indicator points directly to the dial number when 
the adjuster mechanism is in a correct operating 
position. Be sure that the operating cap does 
not force the rod down on the mechanism. It 
should be possible to move the rod slightly up 
and down and rotate it an equal distance 
either side after the assembly is completed; 
otherwise the mechanism might be damaged. 
If this vertical play is not obtained, remove 
the metal sleeve from one end of the rod, cut a 
small amount from the rod and replace the 
sleeve. Use compound on the gasket in the 
joint between operating cap and cover, but 
not on the gasket in the ,upper part of the cal? or 
on those around the shaft in the stuffing box. 

Plunger Type 

The plunger-type ratio adjuster provides solid 
insulation between each tap connection. This 
insulation must be lifted over the contact mem­
bers each time the taps are changed. 

To change taps, remove the two hex-head 
bolts in the cap and lift off the cap. Pull up the 
handle as far as it will come (about seven 
inches). Rotate the handle until the pointer end 

is over the desired tap position and then push 
down into the original position. Tighten the gland 
and bolt down the cap. 

The contactor is of the scraping type and is 
self-cleaning, but if it is considered desirable to 
make an inspection, proceed as follows: 

Remove the cap, lift up the handle as in 
changing taps, and turn the contactor to a 
neutral position. It will stand in this position. 
Then remove the three studs and take off the 
clamping ring. Lift straight up on the handle. 
This will remove the small cover through which 
the shaft passes, and also the operating shaft and 
contactor. 

When it is desired to remove the transformer 
cover, the ratio-adjuster contactor should first be 
removed from the transformer. 

Crab Type 

If it is desired to remove the core and coils 
from the tank, the universal joint that ties 
the operating rod with the shaft should be 
disconnected. Indicating marks on the adjuster 
and cylinder should line ~p when the indicator is 
on Position No. 1. 

When assembling, the position indicator on 
the cover may be made to agree with the actual 
position of the adjuster by means of a special 
position indicator coupled to the adjuster shaft 
and located near the top of the core. 

Wedge Type (See Fig. 7) 

A tap position is accurately given by the 
notched brass indexing disk, located directly 
under the driving pin. In the fully closed contact 
position, the large end of the driving pin is 
adjacent to the indexing notch. 

To operate the adjuster, remove the two bolts 
which hold' the operating mechanism cap, lift 
off the cap and invert it. Fit the inverted cap 
on the end of the operating shaft and use it as a 
hand wheel to set the adjuster. To lock the 
adjuster in position, after setting the adjuster, 
replace the cap and bolts. 

The indexing disk is assembled about a cam 
which is eccentric with the shaft between tap 
positions, and concentric only on full contact 
positions. 
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Cap bolted to gland 
(I) A slot on the inside of this cap 

cmgage.s w,th tha driving pln 
to loc;k thca adjustor in position. 

(2) To rotate the adjushr, thca c:ap 
is provided with a slot on top 
to fit the driving pin. The. c•p 
is then turned by hand to 
set the adjuster. 

1nduin9 disk 
By means of pins "A"engaging 
in slots "B" thca inde.11in9 notch 
is rotated to match tha rota­
lion of the ratio o1djuster. 

Dial with numbers 
corrospond1n9 to 
ratio adjuster posi­
tions scrciwe.d to gland 

~,......,,.,c~IQJ 

Packing n11t 

7:1.~-.P'""'"-~askcat 

Fig. 7. Details of Operating Mechanism for Wedge-type Adjuater 

The unique characteristics of the wedge-type 
adjuster provide a convenient and easy means 
of checking the location of the contact wedge 
and following its motion from one position to 
the next. The operating shaft turns 300 degrees 
for each tap change in the 6-point adjuster and 
315 degrees for each tap change in the 8-point 
adjuster. 

Starting from an operating position, the 
contact pressure is reduced to zero during the 
first 30-degree movement of the shaft. To shift 
the wedge to a point entering the next operating 
position requires about % of a revolution. As 
there is little or no friction to overcome, the 
torqu~ will be noticeably small. A 30-degree 
movement is then required to drive the wedge 
home and to build up the contact pressure. 

The operating position can be identified as 
the middle of a 60-degree arc of high torque, 
that is, at the point where this torque passes 
through a maximum value. 

The position of the wedge can also be de­
termined by using a 115-volt lamp in series 
with the winding containing the ratio adjuster. 
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(Short-circuit the opposite winding or lamp 
will not light.) The perfect position is mid­
way in the band wherein the lamp shows light. 
Due to the design, however, the efficiency of the 
contact is not impaired if the wedge position 
is a few degrees either side of the perfect 
setting. 

Fig. 7 shows the parts of the operating 
mechanism and position-indicating device lo­
cated either on the transformer tank wall or on 
the cover. Do not disturb the mechanism 
assembly unless it is necessary to tighten the 
stuffing box. If the relation of the pins (A) to 
the slots (B) is changed from the factory setting, 
wrong contact position and indicated tap 
change will result. 

To tighten the stuffing box, note the indicated 
position of the adjuster and remove the top driv­
ing pin and the cams, being careful not to move 
the drive shaft. Tighten the packing nut and 
reassemble the parts. Make sure that the drive 
shaft has not turned and that the indexing disk 
is assembled over the cam so that the position 
indicated is the same as it was originally. In an 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

GEH-109SA Pyranol Transformers Including Pyra11ol Immersed Current-limiting Reactors 

operating position the large end of the driving 
pin points toward the numeral in the indexing 
notch and the numeral cast in the outer circum­
ference in the gland. 

If the operating mechanism and insulating 
rod are shipped separate from the transformer, 
they must be carefully assembled to assure 
satisfactory operation. Operating mechanisms 
and rods are identified by the ratio adjuster 
number and the serial number of the trans­
former as shown on the nameplate. Parts are 
not interchangeable. When the ratio adjuster is 
in Position No. 1, an indicating mark on the 
insulating rod is in an exact line with mark on 
the top core clamp of the transformer. 

To check the contact position of the adjuster, 
note the position of the driving pin on the top 
of the ratio-adjuster shaft. When the contact 
wedge is in a certain operating position, as 
shown on the nameplate, the large end of the 
driving pin points to the corresponding number 
marked on the top ratio-adjuster head. When the 
adjuster head is not visible and the contact 
position unknown, determine its location as 
outlined above. 

Couple the insulating rod to the operating 
mechanism and lower it through the opening 
in the tank or cover over the driving pin on the 
ratio-adjuster shaft. Make sure that the correct 
rod is used for the adjuster in question as the 
slots in the lower end of the rod must match the 
driving pin. The insulating rod should be 
entirely suspended from the operating mecha­
nism; none of its weight should be carried by the 
ratio adjuster. 

Align the bolt holes in the mechanism gland 
with those on the tank or cover flange and start 
one or two bolts by hand to prevent the gland 
from turning. Check the operating position to 
be sure that the operating mechanism and the 
adjuster are in alignment. The large end of the 
top driving pin on the operating mechanism will 
point in the direction of the contact wedge 
and at the same time will indicate the position 
on the mechanism gland. If the indexing notch 
on the operating mechanism does not indic~te 
the same numerical position, disengage the 
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mechanism from the adjuster, reset the oper­
ating mechanism to line it up with the adjuster 
and reassemble. 

After completing assembly, make a final 
check to verify the position of the contact 
wedge relative to the indexing notch, either by 
the lamp test or by observing the variation in 
torque. 

When the adjuster is mounted in a vertical 
position and the operating mechanism used 
with it is mounted in a horizontal position, 
there is a position indicator on the bracket for 
the bevel gears inside the transformer tank. 
When it is necessary to reconnect the drive shaft 
inside the tank to the operating mechanism, 
this internal position indicator must be ob­
served and must be set on the same position 
number as the operating mechanism. 

Tests on Ratio Adjusters 

It is good policy to test each ratio adjuster to 
make sure that the positions are correct and that 
the steps are progressive. This can be done by 
applying a low voltage to one winding and 
measuring the voltages on the other winding for 
each position of the adjuster. 

Operation from Floor Level 

For hand operation of a ratio adjuster from 
the floor level (excitation removed) the operating 
drive is usually brought out through the side of 
the tank. 

This drive is provided with a mercury-seal 
Pyranol stop to prevent Pyranol leakage from 
the transformer. 

In some cases it is necessary to remove the 
drive shaft for shipment. In such instances the 
mercury is shipped separately from the bearing 
housing and should be installed on assembly of 
the transformer. 

For replacement or installation of the mercury 
after assembly of drive shaft on transformer, 
remove the upper pipe plug in the bearing 
housing and fill with mercury to this level. 
Replace and tighten plug sealed with G-E 
Compound No. 880. 
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BUSIDNGS 

Replacement bushings for Pyranol transform­
ers should be ordered especially for use in 
Pyranol. Since instruction books are shipped 
with bushings, only brief general instructions are 
given here. 

Installation 

See that bushings are clean and dry when 
installed. To expose the insulating material, 
other than the porcelain, to dirt or moisture is 
to invite deterioration and possible failure in 
service. Do not attempt to install the bushings 
in the transformer during damp or stormy 
weather without providing adequate means for 
keeping all moisture out of the transformer. 

Bushings not having detachable conductors 
should be installed in the covers of transformers 
by first mounting the bushing- upon the cover 
and subsequently connecting the terminals at 
the lower ends of the cable conductors to their 
respective leads from the transformer windings. 

The small gaskets beneath the terminal cap 
should be in perfect condition and should be 
made absolutely tight. A defective gasket or 
leak from any source at this point will allow 
water to be brought up into the central tube 
from where it can run down into the trans­
former. 

Line Connections 

When connecting the bushings to the line or 
external circuit, inspect the terminals or cou­
plings after the connection is made to make sure 
that they are tight. The line connection must 
not bring any strain on the terminals which will 
cause the joints or contacts to become loose. 
Sufficient flexibility in the connecting leads must 
be provided to avoid mechanical strains due to 
expansion or contraction which may break the 
porcelain. The bushings will support a reason­
able weight of connecting conductor, but long 
spans of unsupported conductor, especially if out 
of doors, should be avoided. 

Bushings should be inspected at regular inter­
vals and kept reasonably free from dust and 
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dirt. In locations where abnormal conditions 
prevail, such as salt deposits, cement dust, acid 
fumes, etc., it should be recognized that a special 
hazard exists, and the bushings should be cleaned 
regularly to avoid accumulations on the external 
surface, whioh may result in flashover. 

Connectors 

A s~andard line of terminal connectors for use 
with both solid and filled bushings has been 
developed and these parts may be ordered as 
accessories to the bushings. These connectors 
provide for attaching cables, rods, tubes, and bars 
to the various standard bushings. 

BUSHING-TYPE CURRENT 
TRANSFORMERS 

Bushing transformers are those in which the 
secondary coil and core surround a bushing, the 
conductor of which forms the primary. This 
secondary coil and core are located either in an 
adapter outside the main transformer cover or in 
a cradle suspended from the inside of the cover. 
These current transformers arc used to actuate 
either relays or ammeters. See nameplate on 
secondary outlet for turn ratios. 

Installation 

The bushing current transformers are usually 
shipped completely assembled in the power 
transformer, or at least in place in the high­
voltage bushing adapters. It is then only neces­
sary to inspect them to see that they are dry. 
If evidence of moisture is found they must be 
disassembled and the secondary coil dried by 
hot air, not exceeding a temperature of 90 C. 

If the bushing transformer is shipped separate­
ly, assemble it in place with insulation as shown 
in Fig. 8. Be sure that the coil is right side up as 
indicated by the word "TOP" painted thereon. 
Handle the coil carefully so that the edges of the 
core will not injure the conductor insulation. 

Connect the leads to the inside terminals of 
the outlet block, making sure that the letters on 
the inside and outside leads correspond. 
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To assemble the current transformer in the 
bushing adapter, remove the top of the adapter, 
fit the transformer into place and replace the 
adapter, using a cork gasket treated on both 
sides with G-E Compound No. 880. Bolt the top 
down squarely to compress the gasket evenly. 

On double-section tanks it is sometimes 
necessary to remove this type of current trans­
former from the underside of the cover for ship­
ment. In such cases reassemble with the end 
marked "TOP" uppermost in accordance with 
Fig. 8. The insulating tube can be pushed up 
while tightening the jam nut. New plate washers 
are furnished and should be folded as indicated. 
Maintain the ¾-inch overhang of the current 
transformer inside the supporting plate opening. 

Connections and Polarity 

Insulate all leads not in use from all other 
leads and ground. Do not allow the secondary 
circuit of a current transformer to remain open. 
It must be closed through a burden or by the 
short-circuiting links provided for the purpose. 

The relative instantaneous directions of 
primary and secondary currents are as 'shown 
in Fig. 9. 
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Fig. 8. Current Transformer Support 
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Fig. 9. Schematic Diagram of Bushing Trans­
former, Showing Method of Marking Leads 
and Method of Tapping Secondary Winding 

PYRANOL IMMERSED AIR-PRESSURE­
COOLED TRANSFORMER 

This transformer is a Pyranol immersed 
transformer cooled by jets of air (under pressure) 
or by free air discharge applied to the cooling 
surface. 

Air for cooling one transformer or a bank is 
supplied by a unit blower and motor or by 
small weatherproof outdoor fans which may be 
hand- or automatically controlled. 

All equipment is designed for outdoor service. 
The motor and blower and the fan motors 

require the care usually given such apparatus. 
If "Mercoid" controls or Type CR relays are 

furnished for fan control or breaker trip, they 
are adjusted at the factory and should not be 
disturbed. If changes need to be made, recom­
mendations should be obtained from the factory. 

It is recommended that the fan control circuit 
be automatically de-energized whenever the 
differential relays remove a transformer from 
service. 

When fans are not in use, they should be 
operated periodically to make sure they are in 
satisfactory conditio~. 

FORCED PYRANOL TRANSFORMERS 

In forced Pyranol cooled transformers, the 
Pyranol is cooled by circulation {forced) through 
an external cooler. 

NOTE.-The Pyranol must be circulated and 
cooled at all times regardless of whether or not 
the transformer is carrying a load. 

wigfi
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A special Pyranol cooler is generally furnished 
as well as a pump and motor. Each requires the 
care and attention always given such apparatus. 
The cooler is designed for outdoor installation, 
and may be installed in either the vertical or 
horizontal position. 

The piping connection should be such that 
the water passes through the tubes in the opposite 
direction to the Pyranol flow. This is essential in 
order to obtain maximum efficiency of heat 
transfer. It is also essential that the water pres­
sure be kept below the Pyranol pressure to pre­
vent any water entering the Pyranol should a 
leak develop in the cooler. The coolers in most 
cases are designed so that this difference will 
always exist when rated Pyranol fl.ow and water 
flow are maintained. 

One end of the cooler is provided with a 
floating head, and provision in the piping 
should be made to allow for the removal of this 
head. 

When forced-air coolers are used instead of 
water coolers special instructions will be fur­
nished. 

As the Pyranol enters the bottom of the 
transformer under considerable pressure, it is 
necessary that a Pyranol strainer be used to 
prevent the discharge of dirt and foreign material 
into the windings of the transfom)er. 

Therefore, the Pyranol strainer, which is al­
ways supplied, should be installed in the cold 
Pyranol inlet to the transformer. It is well to 
install a pressure gage on each side of this 
strainer to determine the pressure drop across 
the strainer. If the strainer is not kept clean, 
the Pyranol flow through the transformer may be 
reduced to such an extent that dangerous tem­
peratures will develop. 

The quantity of Pyranol circulated has a 
direct bearing upon the heating and tem­
perature rise of the transformer. It is very 
desirable, therefore, that the inlet and outlet 
temperatures of the Pyranol be measured and 
recorded to check the quantity of Pyranol 
flowing. 

The top Pyranol is cooled about 15 C during 
passage through the cooler, and the water 

temperature increased about 5 C. Usually the 
water flow is 50 per cent greater than the 
Pyranol flow. 

The tubes in the cooler should be kept clean 
at all times. To clean, remove the cover plates 
from each end of the cooler and clean the inside 
surface with a wire brush. 

The external surface of the tube bundle may 
be cleaned by flushing out with a volatile 
cleansing fluid that must be dried out by 
passage of hot air through this section of the 
cooler. 

Coolers may be tested at a pressure of 100 lb 
per square inch to determine whether there is 
any leakage. 

It is possible to cool the Pyranol from a bank 
of transformers by using one cooler and one 
Pyranol pump; but this practice is not favored. 
In such installations equalizers must be used 
to obtain proper Pyranol distribution, which is 
difficult to obtain and uncertain. Also, in case of 
trouble in one unit, damaged Pyranol would be 
pumped directly into the goocf transformers. 

A separate cooler and Pyranol pump for each 
transformer are recommended. 
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IF TRANSFORMER DOES NOT OPERATE 
If a Pyranol transformer fails to operate, it is 

recommended that the unit be sealed immediate­
ly from the atmosphere and the nearest General 
Electric Company office notified. A sample of 
the Pyranol should be taken from the top of the 
transformer and inspected for discoloration and 
the presence of water. The Pyranol should then 
be promptly circulated through a Pyranol puri­
fier until the Pyranol is clear and the dii:llectric 
strength is normal. Refer to instructions under 
"Drying and Filtering." 

.The transformer should be kept sealed and the 
interior should not be removed for examination 
until recommendations for examination are 
received from the General Electric Company. 
After the examination is made, the interior 
should again be immersed in the Pyranol and 
the unit kept sealed until the repair parts are 
available. 

As early as possible, a one-quart sample of the 
purified Pyranol obtained in accordance with 
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instructions covering SAMPLING PYRANOL, 
together with information as to the serial 
number, the rating of the transformer and the 
results of the inspection of the original Pyranol 
sample should be sent promptly to the Pittsfield 
Works of the General Electric Company, Pitts­
field, Mass., in order that an analysis and 
recommendations for repairs can be made. 

JUNCTION BOXES 

A transformer is sometimes equipped with a 
junction box, a metal housing that completely 
incloses the connection between the transformer 
bushing and the cable. It should be kept filled to 
the proper level with the insulating medium 
specified, Pyranol oil, or petrolatum. For the 
lower voltages air is sometimes used. 

Before making the connections, refer to the 
special instructions furnished with the cable end 
or cable terminal. 

TRUCKS 

Bearings, whether bushed or of the roller 
type, have a Ys-in. pipe plug provided in the 
end of the journal. To lubricate the bearing, 
remove the plug and · insert an Alemite fitting. 
Trucks are shipped with the bearings filled with 
grease, but the bearings should be inspected and 
refilled from time to time to prevent corrosion. 

LOAD-RATIO CONTROL 
Transformers which are equipped with load­

ratio control, that is, those arranged to permit a 
change of taps without disconnecting the load, 
require the addition of a number of mechanical 
parts, and call for special electrical connections. 
Their installation, therefore, needs special atten­
tion. For this reason all such transformers are 
covered by a special instruction book which 
should be thoroughly read before any attempt is 
made to assemble or operate such transformers. 

RENEWAL PARTS 
When ordering renewal parts or Pyranol, or 

when requesting information regarding a particu­
lar transformer, always state the serial number. 
This number will be found on the nameplate of 
the transformer. On large transformers it also 
will be found stamped on the top core frame, the 
top band of the tank, and on the cover directly 
above the number on the tank band. A sketch 
showing the exact location of coils, insulation, or 
other parts required will greatly facilitate the 
filling of the order. This sketch must always state 
which side of the transformer is shown. 

Any additional information as to the electrical 
or mechanical construction, operation, or instal­
lation of a particular transformer may be ob­
tained by application to the nearest Sales Office 
of the General Electric Company, mentioning 
the serial number and the rating. 
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WHEN SERVICE IS REQUIRED 

GENERAL ELECTRIC operates 23 apparatus service shops strategically located and 
competently manned by trained personnel. Each shop is a complete service unit 

with modern equipment for repairing, reconditioning, and rebuilding G-E apparatus to 
factory speciflcations. The services of these shops are available at any time of day or 
night for work in the shops or on purchaser's premises. 

GENERAL ELECTRIC APPARATUS SERVICE SHOPS 

sav,a SHo, ADOltESS DAY l'HOHE HIGHT l'HOHf 

Atlanta, Ga. 496 GleM StrHl, S.W. W Alnut-9667 W Alnut-7859 
Buffalo 11, H. Y. 318 Urban StrHt HU-5849 Rl-7579 
Charleston 28, W. Va. 306 MacCorkl• Avenue, S.E. 2-6177 3-1244 
Chicago 7, Ill. 849 South Clinton St. Wabash-5611 Waba_sh-5654 
Cincinnati 2, Ohio 215 West Third Street Porkway-3433 Pari<way-3433 
Cleveland 4, Ohio 4966 Woodland Avenue EH-4464 EH-4464 
Dallas 2, Texas 1801 Horth Lamar St. R-9121 L-4111 
Detroit 2, Mich. 5950 Third Avenue TRinity-2-2600 TRinity-2-2606 

Houston 1, Texas 1312 live Oak StrHt C-9711 C-971'4 
Kansas City 8, Mo. 819 East 19th Street Vlctor-97 45 W Abosh-3850 
Los Angeles 54, Calif. 733 8aMing Street Modlson-7381 Madlson-1813 
MMwouk•• 3, Wis. 940 W. St. Paul Ave. Marquette-5000 Morquette-5002 
MiNleopolis 1, Minn. 410 Third /we., H. Main-2541 Maln-25-46 
Hew York 14, H. Y. 416 West 13th StrHt Wlckershom-2-1311 Chelseo-2-8390 

Phladelphlo 23, Po. 429 H. Seventh St. Pennypacbr-9000 Pennypack•r-8448 
Pittsburgh 6, Pa. 6519 PeM Avenue Atlontlc-6400 Atlantic-6408 

St. Louis 1, Mo. 1110 Delmar Avenue O-tnut-8505 Chestnut-3899 
Solt Lake City 9, Utah 141 South Third West St. 4 -1892 6-4448 
Son Diego 1, Calif. 2045 Kettner Blvd. Fronktln-7 684 Glencove-5-3675 
San Francisco 7, Calif. 3 61 Bryant StrHt 00-3740 00-37-48 
S.attle 4, W ,..._ 1508 4th Ave., South Elllott-1778 CA-3679 
W..,_ L.,... 3, M-. 920 Western Averw,e Ly-3-6000 Ly-)-6001 

Y-gstown 3, Ohio 121 East to«dman St. Youngotown--4031 Youngstown-44331 

APPAIATIS IEPAIT■EIT 

GENERAL. ELECTRIC 
SC■ EIECTAIY, I. I. .,..:,'•• ... 

10-46 ( 2M) s.,rnu,., GEH-109$ 

• 

...~ 
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INSTBUCTIONS 
GII-21709 

INSTRUCTIONS J'OR INSTALLING A.ND OPllU.TING SM.A.LL 
XVJ. SIZI LIQUID 7ILLED TRIPLEX INDUCTION VOLT.A.GI 

REGULA.TORS 

.APPilATUS DIP.A.R'l'MJ:RT 
GIRIRA.L SLICTRIC CCIIP.&BY 

SCHIDCTJ.D!, Jl . Y. 

Date: Jlovember 21, 1946 
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-1-

INSTBUCTIONS FOR INSTALLING AND OPERA.TING 
SIU.LL KV.A. SIZI LI~UID FILLm> TRIPLEX INDUCTION VOLT.A.GI BEGUU.TORS 

Tm:g INSTRUCTIONS DO NOT PURPORT TO COVER ALL DET.A.ILS OR V.lRllTIONS 
IN IQ,UIPMENT NOR TO PROVIDE FOR EVERY POSSIBLE CONTINGENCY TO Bl MIT 
IN CONNICTION WITH INSTA.LUTION , OP'l'.RA.TION, OR MAINTENilCI . SHOULD 
JURTHIR INFORMATION BE DESIRED, OR SHOULD P.A.RTICULA.B PROBLEMS .A.RISI 
WHICH .A.BE NOT COV:11:UD SOFFIOIXNTLY JOR THI PUROJU.SER 1S PURPOSES, THI 
MA.TTD SHOULD BE RUERRJ:D TO THI GlllNERAL ELECTRIC COWAN!. 

Thie instruction covere liquid filled triplex induction voltage 
regulators composed of regulators similar in construction to the sma.11 
Xva sizes of .A.IRS regulators shown in instructions GE-1085 (copy 
attached). 

The triplex regulator ie composed of (3) single-phase regulatora 
assembled on a con:mon base with their worm shafts mechanically coupled 
together with double flexible joints and operated by one driving motor 
aasembled on the middle unit . 

The regulator is automatically operated by one set of controls 
assembled in a weatherproof cabinet on the front of the regulator tank. 

The controls are similar to those covered in instruction GIH-1085. 

The insulating liquid used in these regulators may- be either 
transil oil or Pyranol . 

INST.A.LLA.TION 

The regulator should be installed in a location that baa good 
ventilation. The support or foundation that the regulator ia to rest 
on should be flat, level, and rigid. The base of the regulator is pro­
vided with holes in the cornere !or bolting to its support. 

Before installing, the regulators should be carefully inspected 
for any damage that may have occurred in traneit. 

Take samples of the insulating liquid from the top and the bottom 
of the tank and have them teated • .l regulator in which the teats of the 
liquid ahowa signs of moisture or has a dielectric strength of leas 
than 30 KV should be dried and tne insulating liquid filtered, Detail 
instructions, obtainable from the nearest General llectric Office, 
covers the recon:mended methods to be used for handling, testing and 
drying of traneil oil and Pyranol. 

The above instructions apply for any regulators that may have 
been idle for any length of time • 
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PBESSURJ: TiSTS 

All liquid filled regulator• are pressure teated at the 
factory. When regulators are installed, they ahould be teated at 
five {5) pounda per aquare inch pressure . Use clean dry air or 
nitrogen introduced through the pressure teat valve and hold for 
twelve {12) hours. If the preasure doea not hold for thie period 
of time, examine the gaeketa, welda and fittinga for lealca. Leak• 
above the liquid level may be detected by applying a aolution of 
soap and glycerin to all joints and gasketed aurfaces. 

Synthetic rubber gasket, are used on these regulators. If 
it is necessary to replace the gaskets, follow the procedure outlined 
under •oaslteta• in the •Maintenance• section of thia inatruction. 

CONTACT-MilING VOLTMJ:TER (Voltage Regulating Relay) 

rollow the instructions in GEH-1085 for adjusting and operation 
of the contact-making voltmeter, pages 8, 9 and 11. 

MOTOR CONTROL RIL4Y 

Instructions covering the adjustment and operation of the 
motor-control relay are covered in Glm-1085, pages 10, 11 and 12. 

MA.INTENANCI 

Ieep the regulator and controls clean • 

Insulating Liquid 

Ieep the insulating liquid at the proper level. When the 
liquid is so maintained, all part■ of the mechaniam that require 
lubrication will be immersed in the liquid and no further lubrica­
tion will be required . Instructions obtainable from the neareat 
General Jlectric Office covering the handling, testing and drying 
of tranail oil and Pyranol should be followed . 

Synthetic rubber gaskets are used throughout on these 
regulator, . The top flange of the tank is fitted with a gasket 
cemented to the flange . The bushing gaskets are cemented to the 
bushing adapter in the tank wall. 

If it ia necessary to replace any of the gasket,, remove 
all trace of the gaskets and cement from gaaketed surface. Uae a 
aynthetic rubber cement and follow the instruction, of the cement 
manufacturer for cementing the new gasket in place. Use only gaaketa 
of a synthetic rubber that has been approved for use in transil oil 
or Pyranol • 
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The control cabinet door 11 provided with a sponge rubber 
gasket. If it ia necessary to replace this gasket, first scrape 
allot the old gasket and cement otf of the gasket eurtace and 
clean with gasoline. Wipe the atripa ot 1ponge ru.bber with a 
cloth dampened in gasoline to remove the talc coating. Cement 
the new gaaltet in place with rubber cement following in1truc­
tion1 ot the manufacturer ot the cement . 

Contact-Making Voltmeter (Voltage Regulating Rela,y) 

Instruction, on the maintenance ot the contact-making volt­
meter are covered in GIH-1085, page■ 16, 17 and 18 • 

Motor-Control Rela.y 

Instructions on the maintenance ot the motor-control relay 
are covered in GIH-1085, pagea 18, 19, 20 and 21. 

I?r?EHA.L INS.PICTION 

To inepect the regulator internally, it will be neceesary to 
remove the tank cover . The cover is held in place by a number ot 
bolt■ bolted to the top flange ot the tank. After the removal 
ot the tank cov•r, the operating mechanism will be expoeed and Jll81' 
b:e inepected. 

Jor complete inepection ot the interior , it will be 
neceesary to remove the unit tro~ the tank as followe :-

1. Set the regulator rotor, in the neutral position as 
11 indicated by the pointer on the position indicator. 

2 . Disconnect the flexible drive shaft from the position 
indicator abaft by holding the hex section of the coupling nearest 
to the flexible abaft and loosening the long hex nut, then pull 
apart. 

3. Lower the inau.lating liquid below the bushing 
opening■ in the tank, and after diaconnecting the lead connection 
on the buahing1, remove the bushing from the tank wall. 

. 
4. Unbolt the cushion asaemblies from the tank at each 

end and litt ott the pine . 

5. Disconnect the control leads from the terminals in 
the tank wall. The terminal I on the lead1 and the outeide of the 
tank wall are marked tor identification in reaasembling • 

.... 

wigfi
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6. Attach sling■ to the lifting assemblies on the top of 
the interior and raise it slowly out of the tank, guiding it ao that 
it does not catch on the position indicator shaft on the block welded 
to the end tank walla . 

Inspection may now be made of the assembled interior. 

If complete disassembly ia desired, disasaemb~e aa follows:-

1 . Remove the position indicator shaft from one end unit 
and the limit awitch from the other end unit . Also the motor and top 
cover aa a unit from the middle unit . Remove the covers from the two 
end units • 

2. Remove the screw■ that hold the worm supports to the 
top frames and draw toward the back of the regulator to disengage 
the worm from the worm gear and then toward the end to disengage the 
coupling between the regulators . The coupling ia made in three section■• 
the middle section ia loose and should remain with the supports of the 
end regulators. The complete disassembly of each unit can be made aa 
instructed in GIH-1085 pages 22 and 23. 

The regulators may be reassembled as covered in GEH-1085 pagea 23. 
24 and 25, except that before they are coupled together, each unit muat 
be set in the exact electrical neutral position and left in that posi­
tion until they are assembled in the tank and the position indicator 
coupled to its drive shaft • 

To locate the electrical neutral position, each unit ahould be 
aet in its approximate neutral mechanically and then a low reading 
aaneter connected across ita secondary leada. With the primary excited 
from a 110 volt source, turn the regulator alowly until zero current 
is recorded on the ammeter. When thia position is reached, be au.re 
that this setting is not disturbed until the position indicator is 
coupled to ita abaft after the regulator 11 tanked . It is recoumended 
that the low reading anmeter ia 0 . 5 amp tu.11 scale. 

The interior should be tanked and the cuahion assemblies bolted 
in place. 

Set the position indicator pointer on the neutral position and 
couple it to its drive shaft • 

Reassemble the low voltage leads to terminals in tank wall. 

Reassemble the high voltage bushing to the tank and connect the 
regulator leads to the bushings . 

Jill tank with ita insulating liquid to ita proper level and 
reaaaemble cover to tank and give preasure teat to make sure that · 
cover and bushings are aealed tight • 
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INSTRUCTIONS 
PYRANOL TRANSF'ORMERS 

ll'fSPBCTI01' 
Inspect the transformer for possible damare incurred durinr ahipment. Pyranol trans­

formen are alway■ shipped filled with •Pvranol. ln■pect for proper 'Pyranol level. A sample 
of Pyranol ■hould be taken, preferably lrom the top, for dielectric teat. If the dielectric 
strength, before placing in service, ia below 30 kv, the Pyranol should be filtered. If there 
are indication■ that moisture baa entered, the transformer ahould also be dried. 
11'STALL.ATI01' 

If the transformer ia equipped with a diaphragm mounted in the aide of the tank, the 
transformer should be 10 placed that the diaphraem is not facing an aisle or puaaceway. 

When connecting bushings to the line or external circiut, sufficient fiexibility in the 
connectinr leads must bo provided to avoid mechanical strains due to expansion or con­
traction which may break the porcelain. While .the bushings will ■upport a reaaoqable 
weight of connecting conductor, lone ,pans or leneths of unsupported conductor should 
t,e avoided . 
Plt.BSStJllB TBST 

Pyranol transformers are designed to operate sealed and when installation is complete, 
the transformer should be subjected to an internal pressure of 5 lb per square inch usinr dry 
air or a dry ru such as nitrogen. If the pressure holds steady, the joints should be satia• 
factory. Leaka above the liquid level may be located by using a solution of soap and glycerin 
applied to the joints. 
CO1'1'BCTIO1'S .A1'D LB.ADS 

Transformers are shipped connected for the hjahest voltage shown on the nameplate, 
unless otherwise specified. 

Do not change connectioos on a tranaformer that ia under excitation, nor make any con­
nections that are not shown on the nameplate or diagram of connections. 

Insulate leads not in use from ground and all other leads. 
Permanently and effectively ground the tank by means of the grounding lug or screw 

provided for this purpose near the bottom of the tank unless prevented by special operating 
conditions. 
OPBRATI01' 

A single-phase transformer which is suitable for wye operation on either the high-volt• 
are or the low-voltage side may be so connected on either side, but not simultaneously on 
both sides, unless precautions are taken to suppress third harmonic voltages. 
IUll'fTB1'.A1'CB 

Pyranol must be handled only in containers, pi_pes, all-metal hose, etc. which are free 
from oil, grease, pitch, or other foreign material, 11.nce these contaminate the liquid and 
decrease its non-fiamml\ble qualities. 

Protect the transformer from overload, and overvoltaees with suitable and approved 
protective devices properly located and connected. Refer to the nearest General Electric 
Sales Office for specific recommendations. 

At reeular intervals, the level of the transformer Pyranol should be checked and a 
sample of the Pyranol teated for dielectric strength. If, while in service, the Pyranol teats 
below 25 kv at room temperatUFe, a filter preaa may be uaed w restore the dielectric atrencth 
to above 30 kv. 
STORAGB 

Before storing Pyranol transformers, t:iey should be checked to be sure that the ~ol 
ia at the proper level. The storage room should be clean and dry and, when possible,. Without 
extreme temperature chan1ea. Before p!acin2 a transformer in service from storage, follow 
the instructions given under "INSPECTION," particularly with rerard to moisture. 
RENEWAL PilTS 

When ordering renewal parts, give the following information: a description of the part 
or parts desired and the rating and serial number taken from the nameplate on the trans­
former (the serial number may also be found on a fiber tag attached to the coil). 

GB1'Blt.AL 
If a failure should occur in a Pyranol transformer, the nearest Sales Office of the General 

Electric Company should be notified immediately, givinr thf' rating and aerial number of the 
transformer. 

More detailed information on the installation, operation, maintenance, protection, aam­
p_lin&", and filte:rin( of Pyranol transformers may be obtained by conaultiJll Instructions 
GEH-1093, or by application to the neareat Sales Office of the G~eral Electric Company. 

• Re,ieteNd ttMS.muk few O.B aabNI. 

Thu< i11str11<1.011s ~ ""' p11,(>orl lo '""" all d•l•ilt or ,a,iotio11s ,,. ,q,.,p,...,.1 "°' 10 pro.id• for 
rt•~,:, i'O$Jibt., ,o,.ti111e11,y to lu '"" ;,. co1u,tctio,. 1N-tla i·,utaUotio1'. o~roliJN <W •oi.wt,110,.,,. Sbtdd 
/11,th,r i•f.,,malio11 be d,sircd or sliowld parti,,.lo, probluu o,ise .. i.ui. or, "°' "'"''' ,,.feu•tl1 
for 1hr p,uc/iour's p11,pos,s. ,,., ma/1,r sho11/d 1M ,.,.,,,d to IJr• G.,.trol EuclTi<: C0Mpo111. 

APPAIATDS DEPAIT■ENT 

GENERAL. ELECTRIC 
SUENECTUY, N. Y. 

Glt:J-831C 
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FIG. I 
TYPE AE-1-15 AIR CIRCUIT BREAKER , LIVE FRONT. 

FIG. 2 
TYPE AE - 1-15 DEAD FRONT, MANUALLY OPERATED. 

FIG. 4 
TYPE AE-1-15 ENCLOSED MOUNTING, 

REMOVE TWO UPPER SCREWS ANO TILT FORWARD 
TO REMOVE BREAKER, 

MANUALLY OPERATED, 

FIG. 3 
TYPE AE - 1-15 ENCLOSED MOUNTING, 

MANUALLY OPERATED, 

FIG. 5 
TYPE AE-I ·I5 ENCLOSED MOUNTING TERMINALS 

AND SOLDERLESS CONNECTORS. 
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AIR CIRCUIT BREAKER 
TYPE AE-1-15 

GENERAL INFORMATION 
This breaker was formerly designated 

Type AE-lA to which these instructions gen­
erally apply. 

Before unpacking,installing or attempt­
ing to operate these air circuit breakers, 
read this instruction book thoroughly and 
carefully. 

The type AE-1-15 air circuit bre~kers 
covered by this instruction book are gener­
ally used for the protection and control of 
apparatus and branch circuits, including 
equipment in buildings industries and power 
stations. Additional discussions on this 
breaker will be found in publication GEA-
3600, 

The type AE-1-15 air circuit breakers 
are for use on 250 volt D.C. or tiOO volt 
A.C. circuits furnished normally with one, 
two, three or four poles. Their continuous 
current ratings are up to and including 225 
amperes and maximum interrupting rating is 
15,000 amperes. They can be furnished either 
live front (Fig, 1), dead front (Fig, 2) or 
enclosed (Fig. 3 ) , e ither manually or elec­
trically operated, and with various accesso­
ries. All breakers are equipped with are 
quencher interrupters. Phase barriers are 
furnished on live front breakers and box 
type barriers on all dead front and enclosed 
breakers. 

The AE-1-15 breaker is closed by a tog­
gle mechanism operated manually or electric­
ally against heavy springs. It is opened by 
these springs when a latch is released man­
ually or by tripping devices. The breaker 
is trip free which assures that it cannot be 
held in the closed position as long as any 
tripping device is being operated. 

The standard connection arrangement for 
direct current circuits is to have voltage 
coils connected solidly to the negative bus 
or line where possible. The current enters 
the breaker by 'upper stud (Pt. 6, Fig. 7), 
passes through stationary contact (Pt, 1), 
movable contact and flexible cable (Pt. 24), 
through series coil lPt. 16) and out the 
lower stud (Pt. 12). The movable contact is 
attached to a main shaft (Pt. 20) which is 
actuated by a manually or electrically op­
erated mechanism. On the opening of the con­
tacts the arc is magneticall1 blown upward 
into an arc quencher (Pt. 28) and is prompt­
ly extinguished. 

SHIPPING - UNPACKING - STORAGE 
TRANSPORTATION DAMAGE 

Im.mediately upon receipt of the circuit 
breaker an examination should be made for 
any damage or loss sustained during shipment, 

If injury or rough handling is evident, a 
damage claia should be filed at once with the 
transportation company and the nearest Gen­
eral Electric Sales Office should be prompt• 
ly notified. 

UNPACKING 

The circuit breaker should be unpacked 
as soon as possible after being received as 
difficulty may be experienced in making claiJII 
for daaage, not evident upon receipt, if de­
layed, Care should be used in unpacking in 
order to avoid damaging any of the breaker 
parts. Be sure that no loose parts are mis­
placed or left in the packing material. Blow 
out any dust or particles of packing material 
that may have accumulated bn the circuit 
breakers parts. Report any shortage of ma­
terial at once. 

STORAGE 

If the circuit breaker is not to be 
mounted in its permanent location at once , 
it should be stored in a clean, dry place 
and preferably placed in an upright posi­
tion. It should be supported to prevent 
bending of the studs or damage to the break­
er parts. It is best not to cover the break­
er with any packing or other material that 
is apt to absorb moisture which may cause 
corrosion of breaker parts. A covering of 
paper will prevent dust from settling on the 
breaker parts and should be used if the 
breaker is to be stored for a considerable 
length of time. 

INSTALLATION 
LOCATION 

An air circuit breaker should be in­
stalled in a clean, dry place where it 4.s 
readily accessible for operation, inspec­
tion and proper maintenance. When mounted 
on a live-front switchboard it should pre­
ferably be located at the top of the panel 
and ample head room should be provided above 
and in f'ront of the breaker. Breakers mount­
ed in special enclosures for installation in 
dusty, dirty, or other special locations can 
be furnished on request to the factory. 

BREAKER CONNECTIONS 

Most air circuit breakers are shipped 
on permanent bases or panel sections (with 
or without enclosures), and the installation 
consists. simply of bolting them to the sup­
porting framework or structure, connecting 
the current-carrying cables or bus bars to 
the breakers studs, and completing any sec­
ondary control wiring that may be required, 
The connections to the breaker studs should 
be firmly clamped or bolted in place to pre­
vent excessiTe heating, The connecting 
cables or bus bars should ha •e a current-
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carrying capacity sufficient to limit their 
temperature rise to that specified for the 
breaker. If these connecting cables or bus 
bars are not of sufficient size, heat will 
be conducted .from them to the breaker and 
the breaker cannot be expected to carry nor­
mal rated current with out exceeding the spec­
i.fied temperature rise. Connecting cables 
or bus bars should be supported so that the 
breaker studs will not be subjected to un­
necessary strains. 
DEA.D FRONT BREA.KER.~ 

Breakers equipped with dead front bar­
riers as illustrated in Fig. 2, can be in­
stalled on framework or elsewhere without 
removing the barriers. 

ENCLOSED BREAKER 

The enclosed breaker (Fig. 3) is easily 
installed by first removing the cover and 
the two top mounting bolts in the breaker 

, base (Fig. 4). Tilt the breaker unit .for­
ward to disengage disconnects and for remov­
al . Next, mount the box in the desired lo­
cation and secure the cables in the solder­
less connectors o.f the box (Fig. 5). Final­
ly, return the removable breaker unit to the 
box, and replace the two upper mounting bolts 
and the co•er to complete the installation. 

VHILE INSTALLING, OR BEFORE REMOVING 
THE BREAKER, IT IS IMPORTANT THAT IT SHOULD 
BE IN THE OPEN POSITION. 

TEMPORARY BREAKER MOUNTING 

It is always preferable to have an air 
circuit breaker shipped on a permanent base 
or panel section. Remounting o.f the breaker 
by persons not entirely .familiar with its 
detailed construction may result in misalign­
ment or improper adjustment with resultant 
unsatisfactory operation. Temporary bases 
will not be supplied when reverse current 
trip devices are involved. For those cases 
where it 1.s found necessary to transfer a 
breaker from a temporary base to a permanent 
base or panel, first make sure that the per­
manent base or panel is properly drilled in 
accordance with an approved drilling plan 
furnished by the General Electric Company 
for the particular breaker. In trans.ferring 
the breaker, it should not be dismantled any 
more than necessary to er.feet the transfer • 
Sub-assemblies, such as the overcurrent de­
vices, the operating mechanism, etc. should 
be trans.ferred as units. This will help 
maintain adjustments and will minimize the 
possibility of incorrect assembly. A recom­
mended sequence o.f procedure for transferring 
an AE-1-15 air circuit breaker given on Fig. 
6. It 1s suggested that this procedure be 
followed in the order in which the opera­
tions are alphabetically arranged. A.fter 
the transfer has been completed, the align­
ment of the contacts and the operation o.f 
all parts should be checked as described 
under "Operation", page 4, and under "Con­
tacts", page 4. 

OPERATION AND MAINTENANCE 
After a breaker has been installed, 

slowly operate it manually seYeral tillles and 
observe whether the contacts line up pro­
perly and make sure tba t all parts 110ve .free­
ly and in the proper manner without binding. 

Manually operated AE-1-15 air circuit 
breakers covered by these instructions are 
closed by .first turning the operating handle 
in a counter-clockwise direction from the 
position of "handle down" to position of 
"handle up" to reset the mechanism latch, 
and then turning it in a clockwise direction 
to position of "handle down" to close the 
breaker. DO NOT ATTEMPT TO OPEN THE CIRCUIT 
BR&KER BY COUNTER-CLOCKWISE ROTATION OF THE 
OPERATING BANDLE, The circuit breaker is 
opened by pushing on the manual trip button 
to release the breaker latch. 

Blectrically-operated AE-1-15 air cir­
cuit breakers coYered by these instructions 
aay be closed manually by means or an emer­
gency closing handle . To close the breaker, 
insert thia handle in the hole provided for 
this purpose on the rront or the operating 
aechanism. Push the handle down as far as 
1twill go so that the breaker will be latched 
closed. The breaker is likewise opened by 
the trip button, and not by the eaergency elos;­
ing handle. Vhen the breaker opens, it is 
automatically reset by the falling or the 
solenoid armature. AJl'TBR CHECKING THE OP­
ERATION MANUALLY BE SURE TO RP>fOVE 'IHE EMER­
GENCY BAMDLB. 

After checking the operation manually 
as above, an electrically-operated breaker 
should be operated electrically at rated 
voltage a .few times to make sure that al 1 
control circuits are properly connected, and 
that the closing solenoid closing relay, 
and electrical attachments are functioning 
properly. Bear in mind that the solenoid is 
rated for intermittent service. Reasonable 
care should be exercised when testing to 
avoid overheating of the solenoid by re­
peated operations. 

INSPECTION 
Periodic inspection of the breaker is 

recommended. The frequency or inspection 
will depend a great deal on local conditions 
but in general, an inspection should be made 
at least once a year. An inspection should 
always be made after it is known that the 
breaker bas opened a severe short circuit. 
If breakers remain opened or closed for long 
periods at a time, it is recommended that 
arrangements be made to open and close them 
periodically several times in succession to 
keep the contacts and moving parts in good 
working condition. 

CONTACTS 
When inspecting the breaker, examine 

the contacts to see if there has been any 
severe pitting or burning of the contact 
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surfaces . Rough or high spots shou d be re­
moved with a very fine, CLEAN file or fine 
clean sandpaper. (Do not use emery cloth or 
crocus cloth). Care should be taken to main­
tain a line contact as much as pos ible. To 
check the amount of contact obtain d, take 
contact impressions by holding bet een the 
contacts a piece of thin carbon pa~er with 
tissue paper on the carbon side an closing 
the breaker. Open the breaker and examine 
the impressions made on the pape • Good 
contact is indicated if a well-def ned im­
pression shows tor 75'1, or more of e length 
of the contact. Good contact is a~ so indi­
cated if a .001 inch feeler gauge cannot be 
inserted between the contacts tor ore than 
26'1, of the length of the contact. See also 
contact pressure and adjustments er ftCon­
tactsft Page 4 . 

LUBRICATION 

In general, the breaker operat mech-
anism requires very little lubricat on •hich 
should be applied sparingly. An excess 
amount of oil on the breaker parts s apt to 
collect dust and dirt and is to be avoided. 
A general recommendation for lubri ation of 
air circuit breaker mechanisms is o occa­
sionally use a few drops of a good grade of 
light machine oil at bearing pointe, and to 
wipe off any excess with a clean r g. 

OIL-FILM TIME DELAY 

Ir the breaker is equipped with: any type 
of oil-film time delay trip device, make 
sure that when the breaker is inst led, the 
oil pots of these devices are th roughly 
cleaned and rilled with oil to th l proper 
level as marked on the pots. It is Lmportant 
that these oil pots be kept clean nd pro­
perly filled with rresh oil to th proper 
level at regular inspection periods at least 
every six months, and more frequ tly if 
service is severe. A small can o~ oil for 
use in these pots is furnished 1th the 
breaker. Additional oil per Gener 1 Elec­
tric Company specifications P50-BB1 A can be 
obtained from the factory. When leaning 
these oil pots, use kerosene or na a only, 
and wipe dry with a clean clo Other 
cleaning fluids may act as a solve t of the 
material of which the pot is made. 

DESCRIPTION OF COMPONEN S AND 
ATTACHMENTS 

Although, under 
Justable features of the air circui breaker 
and its attachments are given, it ihould be 
understood that the breaker has al ~ady been 
adjusted, inspected and tested at tbr. factory 
in accordance with the informati ~ given 
herein. However, it is possible r;at un­
usually rough handling, transporta ion, and 
operating conditions may have res lted in 
some loosening or disturbance oft e equip­
ment to warrant re-checking and, in some 
cases, readjustment may be necess ry. 

COHTAC'tS 

The current through the breaker con­
tacts (Pig. 7) is carried by copper conduc­
tors with inserts of high conductivity and 
arc resistant alloy welded to their faces. 
To obtain a line contact, both the station­
ary and movable contacts (Pt.land Ft. 24) 
are slightly rounded and the method for 
checking the contact engagement is described 
in contacts under ft0peration and Maintenanceft. 
Page 4 . The contact presM.lre is maintained 
by the compression springs behind the con­
tact arm and adjustment is provided to main­
tain the proper contact pressure. 

The movable contact support assemblf 
(Pt. 21) is secured to the main shaft {pt. 20) 
while the formed rlexible braid l Pt. 24), 
to which the contact is brazed, is held in 
Pt. 21 by adjusting spring (Pt. 22) to pro­
vide the proper contact pressure of between 
15 to 18 pounds. This contact pressure can 
be measured as follows: First close the 
breaker contacts on a .OOlft feeler and loop 
a suitable wire around the movable contact. 
Then pull with a spring balance scale until 
the pressure is Just relieved from the feel­
er. The spring balance seals in this posi­
tion will read the pressure in pounds on the 
contact. 1/1~" minimum clearance should be 
provided between the movable contact support 
{Pt. 21) and the formed flexible braid {Pt. 24) 
as designated on Fig. f7, when the breaker is 
closed. 

On multi-pole breakers, all eontacts 
should line up so that they close or open 
simultaneously within l / 32ft. With the break­
er open, the contacts should have a gap of 
3/ 4" to 7 / 8ft on multipole and l" to 1-1/8" 
on single pole breakers. The breakers are 
adjusted in the factory to suit these con­
ditions and further adjustment should bot be 
necessary. 

ARC QUBNCBBRS 

Arc quenchers are used on live front, 
dead front and enclosed AB-1-15 air circuit 
breakers. When used on dead front on en­
closed, they are covered with a box-type 
barrier of insulating compound. 

The arc quencher as shown in Fig. 7, 
consists or a large number of solid copper 
pins supported between two molded compound 
sides placed vertically at each side of the 
breaker•contacts. Molded compound baffles 
(Pt. 29) are used between the side above the 
pins. The rear arc runner of the stationary 
contact (pt. 1) extends into the arc quencher 
behind the pin• and the front arc runner is 
attached to an insulation block in front or 
the pins and ia bolted to the shunt connec­
tor {Pt. 25) al'ter the arc quencher is in 
place. Vhen the contacts open, the arc is 
magnetically blown upward into the quencher 
and among the many copper pins which prompt­
ly ex~inguish the arc. To save burning at 
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the contacts, the arc is quickly transferred 
to the arc runners when the moving contact 
passes under the front arc runner. In trav­
elling up the arc runners, the arc is length­
ened, which together with the cooling effect 
of the pins and baffles, quickly brea~s the 
arc. 

MANUALLY OPERATED MECHANISM 

The manually operated breaker mechanism 
(Fig. 8) shown in the tripped position, is 
operated by a pistol grip handle {Pt. 22) 
located at the front of the mechanism. The 
normal position of this handle is "down" and 
in order to close a manually operated break­
er, it must be turned counter-clockwise ap­
proximately 1800 to the "reset" position 
which resets the trip arm (Pt. 19), and then 
must be turned clockwise to the "down" posi­
tion to close the breaker. The mechanism is 
tripped manually by the trip button (Pt. 16), 
or by tripping devices, which revolve the 
trip shaft (Pt. 17), to release the trip arm 
(Pt. 19). 'When tripped manually or eleo -
trically, the handle remains in the "down" 
position. Therefore, to reclose the breaker, 
the handle must first be turned counter­
clockwise to the "reset" position and then 
clockwise to the "down" position, as de­
scribed above. 

The toggle mechanism consists of four 
links (Pt. 6A, 6B, 6C, 6D) and the trip arm 
(Pt. 19) riveted or pinned together as shown 
in Fig, 8. The upper end of link (Pt. 6A) 
is pivoted to the frame, as is the lower end 
of the prop (Pt. 10) and the central point 
or trip arm (Pt. 19). The lower end of link 
(Pt. 6B) is piToted on a pin passing througjl 
a slot in the mechanism frame to the operat­
ing crank (Pt. 8) which is an arm connected 
at right angles to the main shaft (Pt. 9). 
J'he opening spring (Pt. 7), holds the op­
erating crank up and maintains the contacts 
in the open position after the breaker is 
tripped. 

In a cycle of manual operation the me­
chanism parts take three positions as fol­
lows: 

Tripped Position - In the tripped posi­
tion (Fig. 9A) the trip arm (Pt. 19) of the 
toggle mechanism is free of the trip latch 
(Pt. 13). Other links assume the positions 
spown. The handle is "down". 

Reset Position - When the manual handle 
(Pt. 22) Is turned counter-clockwise to the 
"reset" position with the handle up (Fig. 9B) 
the eccentric on the handle shaft (Pt. l) 
lowers the pair of closing links {Pt. 4), 
collapsing the toggle links(Pts. 6C and 60), 
causing the trip ann (Pt. 19) to reTolTe 
about its fixed pivot (Pt. 20) and engage 
the trip latch (Pt. 13), because toggle links 
(Pts. 6A and 6B) are held in collapsed' posi­
tion by spring (Pt. 7). 
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•• Clos ed P,osition - When the manual handle 
(Pt. 22) ls t~rned clockwise to the •closed" 
or "down" pos tion lFig. 9C) the closing 
links (Pt. 4) are raised to the vertical po­
sition extend ng toggle links (Pts. 6C and 
6D), causing he toggle links (Pts . 6A and 
6B), to be extended, forcing the opera tin$ 
crank lPt . 8) ~ownwa rd against spring (Pt. 7) 
to close the reaker, because trip arm (Pt. 
19) 1a held f xed by trip latch (Pt. 13). 
At the same ti e, the spring (Pt. 12) draws the 
prop (Pt. 10) under the closing links (Ft. 4) 
to prevent op ning the breaker by counter­
clockwise r o tion of the closing handle. 

The AB-l 15 breaker ie trip free be­
cause the tosgle linlce (Pt. 6A and Pt. 6B) 
cannot be ex~~ended to close the contacts by 
the main sha (Pt. 9) as long as the trip 
shaft (Pt. 1 is held in the tripped posi­
tion b7 any d vice. This prevents the trip 
ara (Pt. 19) • rom being held in position as 
shown in Fig. 9B and eTen if an attempt is 
made to cloe the breaker the trip arm sill­
ply returns the position shown inFig. 9A. 

The latol adjusting screw (Ft. 14) should 
be adjusted ,n the trip latch (Pt. 13) to 
provide 1/ 32 minimum latch engagement with 
the trip arm (Pt. 19). The trip latch spring 
(Pt . 12) pro ides the proper tension between 
the prop (Pt. 10) and the trip latch (Pt. 13) 
to insure pooitive latching and prop seatin& 
to prevent t ~f:e collapse of the toggle link• 
(Pt. 6C and . 6D). The trip arm stop sore• 
should be ad, usted to provide 1/16" olearanct! 
between it ar d the trip arm (Pt. 19) when 
the breaker jle in the closed position. 

- 10 -

SOLBKOID OPERATED HKCIIAJUSK 

Electric cloein& of the AE-1-15 breaker 
ia accomplished by a solenoid and a closing 
relay a• shown in Fig. 10 and Fig. 11. Tbeee 
parts take the place of the ■anual handle, 
the eccentric manual abaft (Pt. 1) and li.nk9 
(Pt. 2 and 3, Fig. 8) of the manually oper­
ated mechanism. The balance or the operat­
ing ■ecbania■ is the same for both the man­
ually and solenoid operation, aa ahown in 
Fig. 10 with the operating ■echanis■ in the 
closed position, except in reference to re­
aetting. In solenoid operation, the reset­
tin& of the trip ara is automatic in that 
the wel&:bt or the falling a1'91Qture, to which 
the closing links (Ft. 4) are directl7 at­
tached, causes the collapse or toggle links 
(Pt. 6C and Pt. 6D) which duplicates the re­
setting of the manually operated Mechanism. 

The solenoid closing coil is designed 
for momentary operation and reasonable care 
must be exerciaed t o aToid overheating . For 
this reason,a cut-orr switch is recommended. 

An emergency closing handle (Pt. 22) is 
provided, which may be inserted through a 
hole in the front or the ■eohaniam frame and 
placed under the aolenoid arroa tu re. The 
electrically operated breaker may be closed 
manually by pressing down on the emergency 
handle which raises the armature to allow 
the prop (Ft. 10) to slip under the closing 
links (Pt. 4) to hold the breaker c losed. 

Latch adjust111ents should be the aame aa 
given for manually operated mecbanie■s. 

FIG II 
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CIASING RBLA.Y air circuit breaker and for a manuallT oper­
ated breaker when auxiliary functions are re-

An electricall1 operated breaker ia quired. It ia generall1 placed on the mount.-
equipped with closing relay, Pig . 11, llhich ing panel below the operating mechanism and 
operates to control the solenoid closing coil connected to it by crank (Pt. 9) and a link 
circuit ao that the closing switch contacts (Pt. 12 ) attached to an ii1dex arm (Pt. 14), 
will not be called upon to break the closing which ia an extension of operatingcrank(Pt. 
current. Thia relay ia mounted directly on 8 , Pig. 8 ) . The number or .stages and cir-
the front or the closing coil magnet by angle cuita is determined by auxiliary function• 
straps (Pt. 15), screwed to the magnet. No desired and the characteristics of the cir-
adjuatments are required except to keep con- cuits to be controlled, aucb as remote trip-
tacta clean. ping circuit, indicating lamps, bell alarm, 

. interlocking or breakers, etc. 
The coil (Pt. 2) 1a mounted in the mag-

net (Pt. l), which is screwed to a separate / The SB-1 auxiliary switch is a caa-oper-
■ounting base (Pt. 11). The coil ia held by ated, multi-pole rotary switch provided with 
two brass guides (Pt. 3) between which the "a" and "b" contacts, an "a" contact betn,; 
armature (Pt. 4) is free to move. The lower one that is open when the breaker is open, 
ends or the guides are clamped over the mag- and a "b" contact being one that is closed 
net and aga1-nst the coil to keep it fir111ly in when the breaker is open. The angular place-
place, and the upper ends are fastened to the \ mentor the cams (Pt. 7) in steps of 150 on 
magnet by self-tapping acrews(Pt. 19). When the shaft (Pt. 10) is important in order to 
the coil ia energized by the closing of " make sure that certain contacts are definite-
manually operated push button, or a remote ly opened or closed before contacts operated 
switch or relay contacts, the armature ia by another cam are opened or closed. An "a1" 
drawn up into the coil. It carries with it contact closes definitely before an "a" con-
the movable contact strap (Pt. 7) which bridges tact closes. 
the stationary contact blocks (Pt. 5) to en­
ergize the breaker closing coil and close the 
breaker. As soon as the coil is de-energized, 
the anaature falls by its own weight and op­
ens the breaker closing circuit at the mov­
able contact strip. 

TYPE SB-1 AUllLIARY SWITCH 

An auxiliary switch (Pig. 12) is neces­
sary for an electl'ically operated Tne il-1-15 

I • 

ST* I ,_ , 

Por detail instructions concerning the 
SB-1 auxiliar1 switch see Instruction Book 
GEI-18080. Each stage of the switch for 
AB-1-15 breakers has one cam (Pt. 7) and two 
sets of electrically separate switch contacts 
These may be wired in series for one circuit, 
or used for two separate circuits, depending 
upon the interrupting require■ents of the 
circuits in accordance with the table in the 
above lnetniotion book. 

at•• 
b OCIITACT 
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If changea are to be made in the control 
operation an approved drawing of' the auxiliary 
switch Clllll arrangement in vol veil should be op­
tained or a caref'ul sketch should be made of' 
the switch in hand and the above Instruction 
Book GEI-18080 should be carefully f'ollowed. 

By changing the position of' the caa (Pt. 
7) on the shaf't (Pt. 10) any stage can be 
changed .from circuit opening to circuit clos­
ing contacts. 

FIG.13 
MANUAL CLOSING SWITCH 
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MANUAL CLOSING SWITCH 

The manual closing switch (Fig. 13) for 
electrically operated breakers requires no 
adjustment other than to insure clean con­
tacts. This switch is mounted on the left 
side or front of the mechanism and energizes 
the coil of the closing relay when the switch 
contacts are closed. 

The switch consists of a molded frame 
(Pt. 1) which supports an operating rod lPt. 4) 
on which rides a movable contact strip lPt..9) 
and also contact brackets lPt. 2) which car­
ry the stationary contacts and terminals 
with binding screws (Pt. 3). A compression 
spring (Pt. 5) normally holds the rod and 
movable contact strip in the open position. 
Contact spring (Pt. 7) holds the contact 
strip against the stationary contacts when 
in th~ closed position. 

CUT-OFF SWITCH 

The cut-off switch, Fig. 14, is located 
on the left side of breaker jechanism hous­
ing (Pt. 2) and is actuated by pin (Pt. 4) 
of solenoid operated breakers to close its 
contacts while the breaker is in the closed 

FIG.14 
CUT-Off SWITCH 

WITH BREAKEii IN OPEN POSITION 
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po1ition. The purpose or this switch is to 
provide a circuit to de-energize the solenoid 
closing coil as described below and prevent 
4-ac• if the control switch is held in the 
clo1ed position too long. The contacts or 
this ••itch ahould not close too soon in the 
cloling stroke or the breaker which would 
de-energize the coil too soon to close the 
breaker. A cu t-orr relay w1 th open and closed 
contacts, not provided with the breaker, mst 
be used with this switch. See wiring dia­
gra111, Pig. 30 and 31. 

• The switch is ■ounted ona support plate 
(pt. 5) with a sheet or insula tt.ng material 
(Pt. 6) between the switch and the plate and 
consists of a molded frame (pt. 7) which sup­
ports an operating rod (Pt. 14) on which 
rides a movable contact strip (Pt . 10). The 
■olded frame also supports brackets which 
carry stationary contacts (Pt. 9) and bind­
ing screws (Pt. 8). A compression spring 
(Pt. 13) normally bolds the rod and moving 
contact strip in the open position. A con­
tact spring (Pt. 11) bolds the contact strip 
against the atltionary contacts when 1n the 
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closed position. The operating lever (Pt.17) 
is pivoted at a middle eoint to the same 
support (Pt. 5) by pin (Pt. 19) and carries 
a flat spring (Pt. 3) which bears against 
the top of pin (Pt. 4) of the breaker op­
erating mechanism. Vhen the breaker oloaes, 
the raising of thill pin lowers the adjusting 
screw (Pt. 16), attached to the operating 
lever, and forces the cut-oft switch into 
the closed position. This closes a circuit 
which energizes a cut-off relay which , in 
turn, de-energizes the .closing relay, thus 
cutting otf current from the solenoid coil 
to prevent damage. 

DUAL OIL-FILM MAGNETIC OVERCURRENT TRIP DE-
VICE. r 

Thia device (Pig. 15) automatically 
trips the breaker under two distinct con­
ditions ot oYerload ; first, with inverse 
time delay for overcurrents in excess or 
calibration setting and less than ten times 
rated current, and second, with instantan­
eous tripping for over-loads exceeding ten 
times rated current. 

FIG. 15 

DUAL OIL FILM MAGNETIC OVERC~AENT TRIP [£VICE 

L NWA1UIEA$11El&Y 
t. SCll£W II H 1 • 20, NUT ANO Wl,Stt(II$ 

3. SGA(W HU. HD. 4·20, .UC, -91£1'5 
4 IIIAGNtT 
$ 1.1)'#£11 S;l(wn.1)(0 TO COIL) 
t. ,cR["tf II H. -2o x i , HUT AHO WASHEii 
7 IDWCII ST eRACKET 
& SCRfW IIH. ! •20 ANO WASHEIIS 
t S(IIICS CIY£RCUllll(NT COIL WITH UPl'£R T£11111HloL 

IO. INSULATING TUB( 
IL 11$A.ATIH4 WAS;4tl!S 
It. f!IAII[ 

13. ""a ocml:M 
14.-ora>-•.-r 
IS. OIL l'OT 

IC. LOftR DISC 
17 lfft'.IIOISC 
l&SHANIC 

It. -1110. INSTAHTAHEOIJS TIIIP Sl'IIING 
tL <:ALIBIIATIOH -ING 
tt. CMJBIIATIOH AO.JUSTING ~ 
U CAI.IBIIATIOH INDEX a sc;IO(W 
2" AO.JUSTING Sf0P 
25. sc;AEWS HOC HO.to·Xxl ,_,,-AHO WASHEJe 
K SCll[WS II H 1-36X4'N& WASH£11 
27, CAUBIIATION l'UTl 
ta TIIP ,1 .. [II 
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To accomplish inverse ti.me tripping the 
current in the series coil {Pt. 9) sets up a 
magnetic circuit which tends pick up armature 
{Pt. 1) pivoted on pin {Ft. 13) , and operate 
the trip finger {Pt. 28) on breaker trip 
abaft. The arnature {Pt . 1) is restrained 
by a calibrating spring (Pt. 21) held under 
tension between the armature assembly and 
the calibration index {Pt. 23 ) and also by a 
thin oil film between upper disc lPt. 17) 
which is piYoted to the armature assembly, 
and the lower disc {Pt. 16) attached to the 
bottom of oil pot {Pt. 15) which holds the 
oil in which both discs are immersed . For 
currents below the calibration setting, tbe 
calibrating spring prevents the armature 
from picking up and no force is exerted to 
separate the discs in the oil pot. Por cur­
rents in excess or the calibration setting 
tb.e magnetic pull on the armature exceeds 
the restrainin~ force of the calibration 
spring {Pt. 21) and the excess force tends 
to pull the two flat disc surfaces {Pt. 16 
and Pt. 17) apart by rupturing the oil film 
be tween them. Once this oil film is ru~­
tured, the armature picks up and trips the 
breaker. The time required to rupture the 
oil film varies inversely with the force 
applied and hence, inversely with the cur­
rent through the breaker. Thus, :if' the over­
current falls below the calibration setting 
before the oil film is ruptured the breaker 
will not open. 

For instantaneous tripping by current 
in excess of ten times normal brea ker rat­
ing the armature is further restrained by a 

fair or heavier instantaneous trip springs 
Pt. 20) one on each side of the deYice, at­

tached at one end to the fixed frame {Pt. 12) 
and at the other end to a cover and support 
(Pt. 14), pivoted on the same pin {Pt . 13), 
which supports the oil pot. Thus, if oYer­
current demands immediate tripping, tbe heav­
ier pull on the upper disc lifts the com­
plete oil pot assembly, as these springs 
yield, without waiting for the rupture of' 
the oil film, allowing the armature to pick 
up and trip the breaker immediately. 

Calibration settings for 100, 125, 150, 
175, and 200 per-cent of breaker normal cur­
rent rating are marked in amperes on the 
calibration plate {Pt. 27). For general 
feeder applications, the calibration setting 
used sho~ld be not leas than 125 per-cent of 
the actual load being carried by the break­
er. 

An adjustment is provided for Yarying 
the amount of time delay obtained. This is 
accomplished by turning the oil pot {Pt. 15) 
to different time delay settings, which in­
oreaaea or decreases the area of disc sur­
faces separated by oil film. The smaller 
the area, the shorter will be the time delay 
obtained . 

The araature air gap is adjusted by an 
adjustable stop (Pt. 24) which is pivoted to 
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the frame {Pt. 12) by screw {Pt . 25) at one 
end and set by a siailar screw through a 
slot at the other end. This register s with 
the pivoted cover and eupport (Pt . 14) upon 
which the oil pot is mounted. By raising 
or lowering the · oil pot, the armature air 
gap is changed because the shank (Pt. 18) is 
pivoted to both the armature assembly Bnd to 
the upper disc (Pt. 17). 'lbe air'gap should 
not be changed unless means are available 
for recalibrating the co■plete device. 

To check the adjustment of this device 
for poiitive tripping, pick the armature up 
manually; the breaker should trip when ap ­
proximately 1/ 32• air gap remains between 
the armature anct magnet . To obtain this ad­
justment, bend the trip finger attached to 
the trip shaft so that the armature engages 
this finger sooner or later as required. 

It is important that the facing surfaces 
of the discs be clean and smoothe, other wise 
the calibration will be affected. I f t hese 

• surfaces are damaged or afr,cted in a ny way, 
they should be relapped or made smoothe by 
rubbing over crocus cloth backed up by a 
emoothe flat surface. 

If a new series coil is required or any 
considerable repair is necessary, it is r ec­
ommended that a complete factory calibrated 
oil-film dual-magnetic overcurrent trip de­
~ice be supplied. 

A typical time-current tripping curve 
for this device is shown by Fig . 16. This 
curve is approximate and considerable varia­
tion in time delay may be expected dependin~ 
on the cleanliness of the oil formin ir; tho 
til■ , the time allowed for rese t ting, t he 
Bmbient temperature, etc . .. __ ___._ 

"°I-+---+-

FIG 16 
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APPROXMJITE TIME - CURRENT CffARACTERISTIC 
OF OUAL MAGNETIC OVERCllRRENT TR1P 0£VICE 
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FIG. 17 
DUAL T~MAL MAGNETIC OVERCURRENT TRIP DEVICE 
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DUAL TBKRMAL KA.GNETJC 0VBRCURRBNT TRIP DE­
VICE 

This deTice (Fig. 17) also automatic­
ally trips the breaker under two distinct 
conditions of oTercurrent; first, with in­
ver~e time delay when the current exceeds 
the value of calibrations setting and is less 
than 12 to 15 times rated current, the in­
verse time element being obtained by the 
tlme required to heat and flex a bimetallic 
strip, and second, instantaneously when the 
current exceeds 12 to 15 times the normal 
breaker rating. It operates on alternating 
current only, and is principally used for 
motor protection. The unit is enclosed in 
a molded f'rame. 

Current in the serles coil (Pt. 5) sets 
up a magnetic circuit which tends to pick up 
the armature (Pt. 19) and operate the trip 
finger (Pt. 30) on the trip shaft (Pt. 31). 
The armature is attached to the lower member 
of the magnet (Pt. 6) by a sprlng hinge (Pt. 
14) and is restrained by a yoke (Pt. 20) which 
is pivoted to the center of the armature by 
ein (Pt. 25) between two flat buffer springs 
(Pt. 22). The yoke is restrained at the bot­
tom by the latch plate (Pt. 15) and also at 
the top by two heavy compression short cir­
cuit springs (Pt, 1). Current in the series 
coil induces current in the short circuited 
ring (Pt. 7), mounted around the lower mag­
net member, generating heat which is con­
ducted to the bimetallic strip(pt, 13) which 
is riveted at one end to the thermal trip 
arm (Pt. 9) and held at the other end be­
tween the calibrating cam (Pt. 18) and the 
spring (Pt. 16). The thermal trip arm (Pt. 
9) is pivoted to the f'rame on pin (Pt. 8). 
Vhen sufficient heat has been developed to 
cause the bimetallic strip (Pt. 13) to bend, 
with the convex surface downward, the thermal 
trip arm will tend to revolve about the pin 
(Pt. 8) and bear against an adjusting screw 
(Pt. 12) set in the latch support (Pt. 10). 
also pivoted on the pin (Pt. 8), to oause 
the latch plate (Pt. 15) to disengage the 
yoke (Pt. 20) at the lower end and allow the 
armature to be picked up and trip the break­
er. A torsion spring (Pt. 11) is mounted on 
pin lPt. 8) to bold the thermal trip arm lpt,9) 
and the latch support (Pt. 10) to~etber a­
gainst the adjusting screw (Pt. 12), Thus, 
if the overcurrent falls below the calibra­
tion setting before the bimetallic strip is 
sufficiently bent, the breaker will not be 
tripped. 

Should the overcurrent exceed 12 to 15 
times the breaker rating, the yoke will cause 
the short circuit spring (Pt. 1), supported 
between pin (Pt. 28) in the yoke and the 
frame, to be compressed. This allows the 
annature to be picked up and trip the break­
er immediately without waiting for the re­
lease of latch plate (Pt. 15) by the beating 
of the bimetallic strip (Pt. 13) as described 
above. 
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The look nut on spring guide (Pt. 2J 
controls the compression of the short cir­
cuit springs which are adjusted in the fac­
tory to provide instantaneous tripping when 
the current exceeds approximately 12 to 15 
times normal breaker rating. The adjustable 
•top •crew (Pt. 23) ia securetl to the armature 
(Pt. 19) and provides a stop against the mold­
ed case to control the clearance of 1/16" to 
3/32" between the latch surface on the yoke 
and latch plate (pt. 15) to insure positive 
reset. The reset spring (Pt. 26) provides 
the proper tension to yoke (Pt. 20) to in­
sure positive resetting after a tripping op­
eration. The adjusting sore• (Pt. 12) con­
trols the latch pla~e (Pt. 15) engage■ent 
and calibration time for a giTen current by 
Tarying the distance through which the ther­
mal strip (Pt. 13) must bend before releas­
ing the latch to trip the breaker. 

The calibration adjustment lmob(pt, 17) 
can be turned to indications as marked on the 
nameplate to change the calibration range 
from 80 to 120 per-cent of the breaker rating. 

To check the adjustment of this deTi.ce 
for positive tripping, pick the armature up 
manually; the breaker should trip when ap­
proximately 1/32" air gap remains between 
the armature and magnet. To obtain this ad­
justment, bend the trip finger attached to 
the trip shaft so that the armature engages 
this finger sooner or later as required • 

FIG. re 
DUAL THERMAL MAGNETIC OVERCURRENT TRIP 0£VICE. 

EXTERNAL VIEW 
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FIG, 19 
APPROXIMATE TIME-CURRENT CHARACTERISTIC 

OF THERMAL MAGNETIC OVERCURRENT TRIP DEVICE 
(STARTING COi.i) II 2 4• CAMllll:NT) 
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FIG. 20 

There are available other •pecial acoes­
sories that can be attached to the extension 
of the thermal trip (Pt. 9) to perform spec­
ial functions when the bimetallic strip 
flexes . These are special and information 
concerning them should be obtained from the 
nearest sales office of the company. 

A typical time-current tripping curve 
for this device is shown by Fig. 19. This 
curve is approxi.mate and variations in time 
delay may be expected depending on the am­
bient temperature, the time required for re­
setting, etc. 

INSTANTANEOUS 0VERCURRENT '11\IP DEVICE (PIG .20) 

This device is magnetically operated to 
trip the breaker instantaneously by the cur­
rent through the breaker when this current 
exceeds the value of the calibration setting • 
Calibra tion settings for 100, 125, 150, 175, 
and 200 per-cent of breaker normal current 
r a ting are marked on the calibration plate 
in amperes . For general applications, the 
calibra tion s e tting used should be not less 
than 125 per-cent of the normal load. 

INSTANTANEOUS OVERCURRENT TRIP EEVICE 

I ARMATURE 

2. MAGNET 
3 LOWER STUD 
4 SERIES COIL 
5 FRAME 
6 PIN ANO COTTER 
7. STOP AND HEX NUT 
8. SUPPORT FOR STOP 

9 STOP PLATE, RIVETED TO 
ARMATURE ASSEMBLY 

10 CALIBRATK>N SPRING 
11. CALIBRATION ADJUSTING ICNOI 
12. CALIBRATION INDEX 
1!1. SCREW R.H • 10· !12 X t • 
14 CALIBRATION PL ATE 
15 . TR11' FINGER 

•• 

• 

•• 

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

•• 

• 

• 

-18-

'lh1• 4eT1o• 1• eimilar to the dual oil 
til.11 -gneUo onrcurrent trip 4eTioe with­
out the ti.me 4ela7 aeee■bl7 and support and 
tbe bea•1 1.netantaneou• trip epringe. As 
abown 1n Pig. 20 the al"llature baa a atop 
plate or weight {Pt. 9) ri nted to it and 
le pi•otecl on tbe pin (Pt. 6) set in the 
true (Pt. 5). It is restrained b7 the cali­
bration apring (Pt. 10) only. Tbe armature 
air pf 1• a•jueted by raising or lowering 
the stop (Pt. 7) Ht in support (Pt. 8) which 
1• attaalae4 to the true (Pt. 5) b7 sore•• 
(pt. 13). 

UST.U!ANBOUS SI0RT-CIRCUIT TRIP DBVICB 
<n•. 21) 

J.ooorcl1ng to l'BKJ. standards, all air 
oirouit breakers llball be inherently auto­
■atio. Bence, it tbe t7pe il-1-15 air cir-• 
ouit breaker is not equipped with ti■e dela7 
or inetantaneoua oTerourrent trip deTioe, it 
•111 be tumiebecl with the instantaneous 
short-ciroui t trip deTice. For the type 
J.B-1-15 air circuit breaker, this device is 
aet to operate at 3375 amperes. Mo adjust­
ment tor changing this setting is proTided. 

The instantaneous short-circuit trip 
cleTice, Pig. 21, is mounted on the upright 
portion ot the lower stud on the front ot 
the mounting baee. It consists or a U shaped 
-gnet (Pt. 5) attached to the stud by flat 
head screws (Pt. 4) through a spacer (Pt. 2) 
and a braH plate (Pt. 3) to which is at­
tached a brass rod (Pt. 11). Thie rod sup-. .. 

,r--------
1 ---/ ,--, ---

ports the ariaature assembly (Pt. 9) which 
includes• guide rod (Pt. 8), the trip ar■ 
(Pt. 12) and a braes guide tube (Pt. 13) 
which slides OTer the rod (Pt. 11). A oo■-
preseion spring (pt. 14) sits oTer this t.ube 
in a braH oup (Pt. 15) at one end and apinet 
the armature at the other end to force the 
armature against the calibration nuts (Pt. 10) 
on the rod (Pt. 11). Guides (Pt . 7) are 
screwed to the ■agnet by sore•• (Pt. 6). 
Current in the lower etud set• up a magnetic 
field whioh picks up the armature and trip• 
the breaker when the tripping Talue 1• ex­
ceeded . 

UMDERV0LTA.GB TRIP DKVICB 

A direct-acting undervoltage trip de­
Tice is located on lower right hand side of 
the breaker base and is available for the 
type AB-1-15 air circuit breakers covered 
by the.se instructions. This under voltage 
trip deTice ■ar be either the instantaneous 
type (Fig. 22A) or the time-delay type (Fig. 
22B). Both types are mechanically reset by 
the opening of the breaker and their con­
struction is BUCh that they do not release 
to trip the breaker latch until the voltage 
has dropped to some value below 5~ of the 
normal voltage rating. For the time-delay 
type tripping does not occur until approxi­
mately three seconds or more after loss of 
voltage, thus preventing tripping on under­
Toltages of short duration. See Fig. 29 for 
typical connection diagram. 
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FIG. 21 
INSTANTANEOUS SHORT -CIRCUIT TRIP DEVICE 
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FIG. 22 A 

INSTANTANEOUS UNDERVOLTAGE TRIP DEVICE 

WITH BREAKER IN OPEN POSITION 
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FIG. 22 B 
TIME DELAY UNDERVOLTAGE TRIP DEVICE 

WITH BREAKER IN OPEN POSITION 
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WITH MEX NUT (OIIECT c;uMOIT ONLY) 
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USTAN'UJIBOUS UJIDBRY0LTAGB TRIP DEVICB 

The function or thie device 11 to trip 
the breaker when the Yoltage drops below a 
predetermined value. As long as this volt­
age, or greater, is i.apreased on the 0011 
the ar11ature is held down into the coil and 
the device ha• no effect upon closing or 
trippin& or the breaker in an_...r way, but when 
it drop• to approximately 5~ of normal, or 
lea,, the aagnet 11 weakened and a strong 
apring cause, the breaker to trip. t'be break­
er cannot be reolosed until the neoeaeary 
vol tac• returns • 

!he device (Fig. 22A) 1• mounted under 
the trip sbatt to the right or breaker pole, 
and on an insulation spacer block(Pt. 19) by 
screws (Pt. 20) which pass through an insulat­
ing barrier (Pt. 17), partly cut away and a 
aupport (Pt. 27) into the magnet (Pt. 23). 
The ,pacer block is mounted on the front of 
the mounting base by screws (Pt. 22). The 
coil (Pt. 21) is ■ounted in the magnet by two 
braH guides (Pt. 24) between 1Jbiob the arma• 
ture (Pt. 25) is tree to move. The upper ends 
or tbe guides are clamped over the magnet and 
lower ends fastened by screws (Pt. 16). A 
trip lever (Pt. 9) is pivoted at a central 
point to frame (Pt. 13) by pin (Pt. 10) and 
also attached by tension spring (Pt. 12) to 
the same fraae which is riveted to tbe mat;­
net. A trip adjusting screw (Pt. 4) connects 
the trip lever to a trip arm(Pt. 3) 'lfhich is 
attached to the breaker trip shaft (Pt. 2) . 
When the voltage fails, or drops below the 
predetermined value, the spring (Pt. 12) draws 
tbe trip arm {Pt. 3) down and at the same time 
raises the ans ture out of the coil to exert 
a hammer blow to trip the breaker. The trip 
lever is stopped by pin {Pt. 28) . As soon as 
the breaker opens, however, a reset arm (Pt. 
l)c attached to the breaker main· shaft (Pt. 
31J, is forced downward against the buffer 
spring (Pt. 5), attached to the reset link 

iPt, 7) pivoted to the base (Pt. 27) by pin 
Pt. 28), which causes the adjusting screw 
Pt. 29) to drive the armature firmly down 

against the bottgm member of the magnet in 
the oaee of alternating current application 
or against aet screw (Pt. 15) in direct cur­
rent application. This resetting is neces-
1ar7. aa tbe pull of the magnet, at 5~ to 
l~ or nor11al voltage, may not be sufficient 
to draw the araature down against the spring 
(Pt. 12). To prevent the trip link (Pt, 7) 
froa springing upward to a vertical position 
and reaainlng theM on tripping, a stop link 
(Pt. 11) 1• booked under trip lever (Pt. 9 ) 
and 1a attached to the reset link (Pt. 7) by 
pin (Pt. 8). 

Por direct current application, the ad­
justing brau aorew and 1 oc k nut l Pt. 15 ) 
through the lower member of the magnet are 
neoeaaary to •lightly separate the armature 
tro■ the magnet to break residual magnetism 
and allow tripping. 

Adjuat■enta consist first, in direct 
current application, 1n setting the stop 
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screw (Pt. 15) so that the bottom of arma­
ture (Pt, 25) 1• just eeparated enough from 
the magnet lPt. 23) to breakeresidual magnet­
ism at the tillle or undervoltage tripping. 
Then, with the breaker in the open position 
and the reset arm (Pt. l) 1n the reset posi­
tion, as shown in Pig. 22.l, the reset adJust-
1n,g screw (Pt. 29) should be aet to allow 
1/32" to 1/8" between the bu.ffer spring (Pt.$ 
and the flat spring (Pt. 6) and then lock 
nut (Pt. 30) should be tightened. V1th the 
breaker in the closed position and the coil 
(Pt. 21) de-enerJized, turn the trip adjust­
ing screw (Pt. 4) in the trip lever (Pt. 9) 
until the breaker trips and then continue to 
turn the trip adjusting screw between 1/ 2 and 
3/4 of a turn ■ore and then look it ln posi­
tion by look nut. The spring(pt. 12) should 
be adjusted by adjusting screw (Pt. 14) to 
prevent drop out of armature (Pt. 25) when 
the breaker is closed and the coil is ener­
gized by 5~ of normal voltage or more, but 
to positively trip at 5o:( of normal or less. 

TIME DELAY UHDBRV0LTAGE TRIP DBVICE 

Thia device (Fig. 22B) is constructed 
and operates in the same manner as the in­
stantaneous undervol tage trip device with 
the addition of the oil film time delay at­
tachment and the omission of the reset link 
atop (Pt. 11). Tbe time delay attachment 
consists of disc (Pt . 36) immersed in oil 
in an oil dash ~ot (Pt. 35) 1Jbich is screwed 
to a cover {Pt. 34) which, 1n turn, is rivet­
ed to its own frame (Pt. 33) and fastenedby 
screws to the frame (Pt. 13) and magnet (Pt. 
23). The disc is connected to the reset link 
(Pt. 7) by plunger aasembly (Pt . 32) to delay 
the tripping of the breaker until the oil 
film,between the lapped surfaces of the disc 
and bottom of the dash pot, ruptures. 'lhus, 
if normal voltage is restored before the oil 
film rupture, , the breaker will not open. 

First adjust, in direct current appli­
cation, the clearance or bottom of armature 
from the Magnet by stop screw (Pt. 15) as 
described in instantaneous undervoltage trip 
device adjustment. Then, with the breaker 
in the closed position and the ooil (Pt. 21) 
de-energized, push the anature(Pt.25) down 
into the coil to lower the reset link (Pt. 7) 
and the disc (Pt. 36). Now acre• the dash 
pot cup on the cover (Pt. 34) until the re­
set link (Pt. 7) begine to Utt and then turn 
it another halt turn which should ■ake the 
cup tight againat its aeat. If not seated 
by about a halt turn, then turn the adjust­
ing screw (Pt. 29) and repeat until this con­
dition is obtain••• Row, when the breaker 
is opened and the reset arm (Pt. 1) is down, 
the diso should be pressed firmly against 
the bottom or the oil dash pot by the buffer 
spring {pt. 5) which should now be about 
1/ 32• to 1/8• from the flat spring (Pt, 6). 
If not, the buffer spring will have to be 
bent to secure these adjustments. The ad­
justment of trip adjuat■eat sore• (Pt. 4) 
and the spring l Pt. 12) will be the same as in 
the instantaneous undervoltag• trip device, 
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FIG. 23 

REVERSE CURRENT TRIP DEVICE (ROTOR TYPE) FOR AIR CIRCUIT BREAKER TYPE AE-1-15 
I COIL ANO SLOTTED CONNECTION STRAPS 
t. INSIJUTION WASHER 
3. SCIEW R>l f-2oxt" WITH IHSI.UTION 

BUSHING, WASHERS ANO NUT 
4. COIOltCTION STRAP 51-""0PT 
5. INS,UTION T~ 
6. ~T. HEX Ill t -1ex1f ANO WASIIER 
?COIIE 
I. SIJPP()IIT 

9 POLE Sl«S , 
10 BOl.T, l!tX HO a -101f ANO l.0Cl(WA9£RS 
IL ARMATURE COIL 
It. - TURE 
11 UPPER CONNECTION STRAP OF COIL 

14 SIDE CONNECTION STRAP OF COIL 
15 1.0WU STUD 
It. UPl'(II lll.lST CoYVI 
17 ST\.O, cl' 18 X 9' WITH NUTS ANO 

LOCK WASHERS 
II. RE.AA SEARING, BRONZE 
19. AR.MATURE SHAFT 
2Q LOWEii OlhT COVER 
2 l SPACER 
22 REAII OF BREAKER 8AS[ 
2l FRONT IIEARING, 8RONZE 
24. ESCUTCHEON PLATE 
25. SPACER 
ts CALIBRATION SPRING 

27. TRl'PIIG CRAN< 
28 SPACER 
29. P1N 
30 TRIP Roo• 10- 32 ANO A.SSDl8LY 
31. TRI' LEVER 
3:1. TRIP SHAFT 
U CALIBRATION SCREW, H£X HO WASH[II 

ANO COTTER P1N 
l4 CALIIIIATION PLATE 
ls. CAIJIIIIATION INO(X 
36 COMl'ft[SSION SPIIING 
37 STOP SCREW, FOR RESET P051TION 
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RBVBRSB CURRENT TRIP DBVICB (ROTOR TYPE) 

A direct-acting reverse curren i trip 
device of the rotor type is available for 
AB-1-15 breakers for direct current appli­
cation which will trtp the breaker when the 
reverse current exceeds the calibration set­
ting. This device is constructed sim1.lar to 
a bipolar motor with stationary pole pieces, 
on which is mounted a series coil carrying 
the breaker current, and a rotating armature 
on which is wound a potential coil. Tbe 
■agnetio field set up by current in the po­
tential coil together with the field set up 
by the breaker current in the series coil i .n 
the normal direction produces a torque which 
tends to rotate the amature in a direction 
to prevent tripping. However, if the cur­
rent in the series coil is reversed, the 
torque is reversed to cause reverse rotation 
which trips the breaker. 

As shown in Fig. 23, the motor element 
is mounted on the back of the breaker base 
by studs (Pt. 17 J. The potential coil should 
be connected to "a" contacts or the auxiliary 
switch to open the potential circuit when 
the breaker is open. The armature shaft, 
(Pt. 19) extends tbrougb to the front to op­
erate the tripping equipment. The series 
coil (Pt. 1) has welde~ to it an upper con­
necting strap, (Pt. 13) diagonally slotted, 
for connection to external load, a welded 

•

' lateral connecting strap (Pt. 14), also di­
agonally slotted and a horizontal bar, welded 
to it, for connection to the lower stud (Pt . 
15) of the breaker. The armature shaft (Pt. 

• 19) is supported in bronze bearing castings 
(Pt . 18 and Pt. 23) which are fastened to 
the pole shoes (Pt. 9) bJ" studs (Pt. 17). An 
escutcheon plate (Pt. 24) is mounted on the 
front of the breaker base by the same studs 
(Pt. 17)and to it are riveted two posts to 
support the calibrating plate (Pt. 34), and 
also two posts to support the stop screws 
(pt. 3'1 and Pt. 38). A tripping crank (Pt. 
27) or insulating material is clamped to the 
extended armature shaft and supports the 
trip arm assembly (Pt. 30) on pin (pt. 29). 
The trip lever (Pt. 31 J is fastened by a ecrew 
to the trip abaft (Pt . 32) and is free to move 
over the upper end of the trip rod between 
properly spaced nuts to permit sufficient 

• 

travel when the breaker is tripped by other 
devices. When current passes through the 
series coil in the normal direction, the ar­
mature will tend to reTolTe clockwise (look-
ing from tbe front) to force the trip crank 
(Pt. 27) against the stop screw l Pt. 37 J • 
The calibrating spring lPt. 26) also normally 
bolds the tripping crank against thi■ same 
screw. But when current passes through the 
series coil in the reverse direction, the 
arm.ature will tend to rotate counter-clock­
wise away from the stop screw and after the 
calibration setting is reached, the reverse 
rotation of the armature will raise the trip 

• 

rod (Pt. 30) and trip the breaker. Stop screw 
(Pt. 38) stops the reverse rotation. A cali­
bration plate (Pt. 34) is mounted on posts 
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of the escutcheon plate. The calibration 
screw {Pt. 33) passes through these posts and 
carries a threaded calibration index lpt. 35) 
a ttached to the calibration spring (Pt. 26). 
By turning the hexagon head of tbe calibra­
tion screw against the compression s prtng 
(Pt. 36) the reverse current settln~ can be 
changed. 

The tripping crank {Pt. 27) is clamped 
to the armature shaft so that the potential 
coil will be 'located on the horizontal cen­
ter line of the pole pieces when the crank 
ls resting against stop screw (Pt. 37) which 
should project approximately 1/ 16" to 3/32" 
from its support. When rated voltage is ap­
plied to Uie potential coils and the cali­
bration spring (Pt. 26) is connected, there 
should be no movement of the annature in the 
tripping direction. However, if a movement 
is detected, back-off slightly on the stop 
screw (Pt . 37) to increase the air gap to 
pole piece on the trip side. After this ad­
justment has been completed, the adjusting 
screw (Pt. 38) can be set to limit the travel 
of the armature (Pt. 12) so that. the tripping 
crank {Pt. 27) will be stopped slightly above 
horizontal. In this position, the trip rod 
(Pt. 30) should trip the breaker with 1/ 32" 
overtraTel. Slight variations or these ad­
justments may be necessary to improve the 
operation of this device. 

The adjustment of stop screw (Pt. 37) 
and tripping crank (Pt. 27) will affect the 
calibration of the reverse current device, 
eo their settings should not be chan~ed un­
less facilities for checking calibration are 
available. 

Because the potential must ,not drop be­
low 8~ of normal the potential coll should 
be connected to a reliable constantpotential 
source, preferably to a station battery bus, 
if possible. 
REVERSE CURRENT TRIP DEVICE - (MAGNET TYPE) 

A direct acting reverse current trip 
device of the magnet and hinged armature 
type is available for AE-1-15 breakers for 
direct current applications. It will oper­
~te to trip the breaker when reverse current 
exceeds tbe calibration setting. Tbe prin­
ciple of operation is shown diagrammatically 
by Pig. 24. The device consists of a compos­
ite magnet with a series coil on the middle 
core, which carries the breaker current, and 
a potential coil on the bottom core. An air 
gap in the upper leg of the magnet is bridged 
by an armature which is attracted to the mag­
net and held by flux from the potential coil 
alone, or more firmly by potential coil flux 
plus series coil flux due to current through 
the breaker in the normal direction. When 
current passes through the breaker in the 
reverse direct.ion, the two fluxes are no 
longer cumulative and the flux across the 
air gap is weakened suf'ficiently to allow 
a spring to pull the arl!llture away and trip 
the breaker. 
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Tbe details or the device are aholfil in 
Fig. 25A and 25B. The aeries coil jPt. 4) 
is in the same location as the standard ov­
ereurrent coil between the lower stud ot the 
breaker and the connection to the ■ovable 
contact on the tront of the breaker ba■•. 
It is mounted on the middle core ot the co■-
poaite ■agnet (Pt. 2 and Pt. 8) while the 
potential coil (Pt. 8) ia ■ounted on the bot­
toa core. The magnet is provided with two 
thJn non-■agnetic spacers to proTide two 
e■all magnetic gaps so placed to cause the 
greater part of both tluxea to flow through 
the upp~r leg of the magnet. The armature 
(Pt. · 10)· pivots on pin (Pt. 9) mich passes 

' through the supporting fra11ea (Pt. 11). It 
j,s held to the magnet when the potential 
coil is energized and is held more fir11l1 
when the magnetic torce is increased bJ' 
breaker current in the normal direction. 

When the current in the series coil re­
Terses, the magnetic pull on the armature 
decreases, and when the reTerae current ex­
ceeds the calibration setting, the pull is 
not enough to overcome the pull of the ten­
sion spring (Pt. 14) which moTes the arma­
ture awa1 from the magnet. When the armature 
is pulled away, it strikes a trigger(Pt. 17) 
attached to a shaft (Pt. 18) mounted in a 
bearing plate (Pt. 19). Another trigger (Pt. 

-23-

20) on this shaft engages a trip finger (Pt. 
21) on the trip shaft (Pt. 22)micb trips the 
breaker. 

As soon as the breaker opens, however, 
the armature is at once reset against the 
magnet by a linkage consisting of a crank 
(Pt. 24) which is attached to the main shaft 
(Pt. 23), an insulation link (Pt. 25), and a 
link (Pt. 26) which rotates on pin (Pt. 27). 
A torsion sp~ing (Pt. 28) on this pin bolds 
link (Pt. 26) and reset lner (Pt. 29) to­
gether by pressure against lugs on each. 
When the breaker opens, the above linkage at 
once draws the reset lever (Pt. 29) against 
the armature (Pt. 10) and forces it agai.nat 

the magnet where it is held by the •&netic 
pull ot the potential coil. The potential 
coil mat be connected in the oircui t so 
that it is continuously energized in order 
to bold the ar■ature against the aagnet when 
the breaker is open, so that the breaker 
will not be tripped when an attempt la made 
to clo■e it. When the breaker is closed the 
reset linkage ■ovea the resetting an1 (Pt. 29) 
awa1 t'rom the armature so that it wi 11 not 
retard the armature men released b1 reversed 
current. 

Because the potential 1■1et not drop be­
low 8~ ot normal, the potential coil should 
be connected to a reliable eonatantpotential 
source, preferable to a station battery bus, 
if poHible. 

When all the poles of a breaker require 
aeries coils tor overcurrent or other pur­
poses, it is necessary to place the reverse 
current trip device "ot't pole", in the loca­
tion of an additional pole to the right of 
the regular poles . In ibis case, the aeries 
coil ot this deTice is placed in aeries w1 th 
the series 0011 at the adjoining pole by 
placing a connection bar between the lower 
studs baok ot the mounting base. An upper 
stud is ■upplied for connection to the source 
or the load, as desired. An extension at' the 
main shatt is proTide~ to ■alee provision for 
the resetting links. In auc.b installatione, 
the current in the aeries coil will be in 
the opposite direction trom the standard 
practice in which case it will be important 
that the potential coil should also be re­
versed. 

For correct operation, the armature and 
magnet faces must be kept clean. The arraa­
ture should make line contact with the top 
leg of the magnet and baTe an air gap or not 
over .005" at the lower leg. If adjustments 
are made to the reverse current device, the 
calibration should be checked after the ad­
juataents are -de. 

HU.VY Al!l!OWS OESIGNATE LOAD C:Ul!l!INT ,LUX 
LIGHT Al!IIOWS OCSleNAT& ~TtllTIAL OUl!l!INT l'\.UX 
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OOIL 

FIG. 24 
REVERSE CUltRENT T-..P OEVICE (MAGNtT TYi'£) 
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FIG. 25A 
TRA)f{) POSITION 

CWITM 1.£,T c;(IY[II /IMlJ IIUET MtCHANISII ll(IIIOl/10) 

FIG. 25 B 
POTENTIAL COIL ENERGIZED AND 

BREAKER IN CLOSED POSITION 
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REVERSE CURRENT TRIP DEVICE ( MAGNET TYPE ) 
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SHUNT TRIP DEVICE 
11, INl .. 11D HIITIO■ 

SHONT TRIP DEVICE 

.. , .... 
I . AD4UUl■e &GRIii R.N, 10 - H 

IIITN L-NT& A■e waa•■ 
4. 90■111& ■.N. IO•H A- ........ 

A. PIVOT U■I 

,. ••• - e«naa 
IL Pie a•■ COTTl■t 

The function of the shunt trip device 
(Fig . 26) is to trip the circuit breaker 
when its coil is energized by the closing 
of a switch or relay contacts at some remote 
point. The coil is desig ned to remain in 
the circuit only momentarily,hence it should 
be connected so that the opening of the air 
circuit breaker contacts will im.aediately 
disconnect it from the circuit, Whenever 
this is impossible, the shunt trip coil 
should be connected to "a" contacts of an 
auxiliary switch which will open when the 
breaker is open. 

The device is mounted on the breaker 
base by screws (Pt. 4) to the right of the 
operating mechanism and below the trip shaft. 
The coil (Pt . 12) is mounted in the magnet 
(Pt. 11 ) , which is riveted to the frame (Pt. 
2 ) , and is held in place by two brass guides 
(Pt. 10) between which the armature (Pt . 9) 
is free to move. The lower ends of the guides 
are clamped over the magnet and against the 
coil to hold it firmly in place and the upper 
ends are fastened to the magnet by self-tap­
ping screws (Pt. 13), When the coil is en­
ergized, the armature is drawn upward into 
the coil and the trip plunger(Pt. 14), which 
is fastened to the ar111ature and passes freely 
through the magnet, is lifted to engage the 
trip lever (Pt. 15) attached to the trip shaft 
(Pt. 16) which trips the breaker. When the 

11. NU■IT 

II.COIL 

II. tO■III IIL,T APPIH ' I¼ 
14. PLUllel■, OOTTII, u• -■ 
IL TRIP LIVI■ 

It. TalP t•APT 

coil is de- energized, the adjusting spring 
(Pt. 5 ) , which is fastened to the frame by 
adjusting screw (Pt. 3), pulls on the pivot 
link (Pt . 6) to draw the armature out of the 
coil, thus allowing the trip shaft to retuni 
to normal position. An insulation barrier 
extends on both sides of the device and is 
supported by the mounting screws between the 
device a nd the breake r base. 

The trip plunger should overtravel be­
tween 1/ 64• to 1/ 32" after the trip lever is 
released. 

WIRING DIAGRAM 

Fig . 27 shows schematic wiring diagram 
and Fig. 29 shows complete typical wir:ing­
diagram for the control of electrically op­
erated AE-1-15 air circuit breakers without 
cut-off switch and out-off relay. Similarly 
Fig. 28 shows schematic wiring diagra■ and 
Fig. 30 shows the complete typical wiring 
diagra~ with cut-off switch and cut-off re­
lay with direct current control, while Pig, 
31 shows the same as Fig. 30 except with al­
t ernating current control. 

When an undervoltage trip device is pro­
vided with the breaker, tripping can be ao­
compliqbed by opening the potential circuit 
rather than energizing a shunt trip device 
from the control circuit. 

• 

• 
• • • • • • • 
it 

• 

• 
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FIG. 27 
SCHEMATIC WIRING 

·a•· NJX. SW. OPEN WHEN BREAKER IS OPEN. 
"li·AUX. SW. CLOSED WHEN BREAKER IS OPEN. 

'CUT·OFF'AUX SW OPEN WHEN BREAKER CLOSING 
MECHANISM IS IN NON·OPERATED POSITION. 

~ 1-· 00IITACT OPEN WHEN 0£VICE IS IN THE 

0£·ENERGtZED OIi NON·OPERATEO POSITION. 
;If-· CONTACT CLOSED WlifN 0£VICE IS IN THE 

ot:·ENERGIZEO OR NON·OPERATEO POSITION. 

X 
+ 

INDICATING 
LAMPS 

Y AC. CONTROL POWER 
O.C. CONTROL POWER 

FIG. 28 
SCHEMATIC WIRING 

FOIi SOLENOID OPERAT£O BREAKER WITH MOMENTARY • 
CONTACT CONTROL 

FOR SOLENOID OPERATED BREAKER WITH MAIN• 
TAINED· CONTACT CONTROL 

TRIP C0tL 

TERMINAL 91..00K 

AUXILI ARY SWITCH 
CLOSING 

I a UNOERVOLTAOE 

DEVICE 
CLosn.<l COIL a 

CLOSJfG SWITCH {] 
ON BREAKER TERMINAL BOARD 
Wt£N REO'D 

s 6 7 8 9 iog ui I~ 

TRIP 

CLOSE 

FIG. 29 

TYPICAL WIRING DIAGRAM 
FOR SOLENOID OPERATED BREAKER WITH MOMENTARY · CONTACT CONTROL 

.!. fl ·; T FUSES 

AUXILIARY SWITCH 4 CONTACTS 
STANDARD OOTfED LINES SHOW 

EXTRA CONTACTS WHEN REGUIIED 

.:1::-------, 
a T-~----, ! 

I 
I 
I 
I 
I 

+ D.C. CONTROL POWER 

FIG.30 
TYPICAL WIRING DIAGRAM 

FOIi SOLDDI) OPERATED BREAKER WITH MAINTAINEO•~CT CONTROL 

AUXILIARY SWITCH 4 CONTACTS 
STANDARD. DOTTED LINES SHOW 
EXTRA CONTACTS Wt£N REQUIRED 

: : : '--• ------, 
I ~--t----1----, ♦"-

N). 1. .... I jLf 
, ' LIGHTS 11i (G, ., r· 
: I ['i r1iREs."-~--of\. t:.,--9·-· __ :r~.x ..... .ov 

.J • FUSES 

f 
)( Y A .C CONTROL POWER 

FIG. 31 

TRIP 

CLOSE 

TYPICAL WIRING DIAGRAM 
FOR SOLENOID OPERAT£D IIREAl<ER WITH IIIAINTANl>·CONTACT OONTROL 
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RENEWAL 
Spare parts should be ordered from the 

11e:i•·es t Sales Office of the General Electric 
Co 1pany by ziving the complete breaker name 
r .ate information and the name of the part. 
Heference should be made to the instruction 
book g iving its number, the piece and figure 
number of the part desired. If possible, 
give the General Electric Company's requi­
sition number on which the breaker was pur­
chased. 

If s e veral parts are desired as an as­
sembly, r eference should be made to each 
part and instructions included to ship as­
sembled. If the part has not been given a 
number in any of the figures in the instruc­
tion book, it should be r eferred to as be­
tween or adjacent to parts with numbers. A 
sketch giving approximate size and shape 
would be helpful in some cases. 

Spare parts which are furnished may 
not be identical with original parts since 
chanc;es and improvements are made from time 
to time. However parts wbich are furnished 
will be interchangeable with original parts 
with very little or no extra work beyond 
that re'luired to install a part identical to 
tbe ori~inal. If parts identical to original 
parts are required, the order 111.1st state that 
they are to be identical. 
tontacts, Stud and Pole Unit Assembly 
Item Part 

1 Stationary Contact and 
Arc Runner. • . • . . . • • . • • • • • • • . • l 

2 Movable Contact and 
Flexible Braid .•.••••••••••.. 24 

3 Uppe r Stud .....•..•.•••.. •••• 6 
4 Screw, R.B.-1/ 4"-20 X 5/ 8 

with Lockwasher ..•••.••.•..•• 2 
5 Upper Stud Bracket .•••••••.•• 3 
6 Screw,R.H.-l/ 4"-20 

with Washers ••.....•..•••••.• 4 
7 Screw,R.H.-l/ 4"-20 X 3/ 4" 

with Bex. Nuts and Wasbere ••• 5 
8 Insulated Main Shaft •.•....•• 20 

" 

" 
" 
" 

" 
" 
" 
" 
" 

" • . • . • • . . • 9 
" • • • • . . • • • 9 
" • • • • • • • . • 9 
" . . . . . . . . . 13 
" . . . . . . . . • 31 
" • . . . . . . . . 23 

9 Contact Support Assembly .•••• 
10 Adjusting Spring ••. .•.••••.•• 
11 Bex. Nut - 1/ 4" - 20 ••••••••. 
12 Screw,R.B.- l /4"-20 with 

21 
22 
23 

Nut and Washer ..••.•••••••••• 9 
2 " " " 

13 Screws, Hex.Rd. 1/4" - 20 
with Washers ••.•••.•....••••. 10 

" " • • • • • • • • • • • . • • • • • 3 
14 Lower Stud (Welded to 

Series Coil) ••••• 12 
" " " " 5 
" " " " 3 
" " " " • . • . . 15 
" " (Welded to Series 

Coil) •.•••.••• 5 
15 Lower Stud Bracket ••••••••••• 15 

" " " • • • • • • • • • • • 7 

Fig, 

7 

7 
7 

7 
7 

7 

7 
7 
8 
9 

10 
12 
22 

25A-B 
7 
7 
7 

7 
15 

7 
15 

7 
15 
20 
23 

25A-B 
7 

15 

PARTS 
Item Part 
16 Screw,R.B.-l/4"-20%3/4 with 

Bex. Nut and Washers •...•••.. 13 

Fig. 

7 
15 " " " " 6 17 Screw,R.H.-1/4•-20 rltb. ...... 

Vasbera ..••••.••••••••••••••. 14 7 
" " " " " 8 ...... 15 

7 
8 
9 

18 Trip Shaft . .•......•......... 
• " 

" 
" " 

" " 
" " 

" 
19 Trip Finger . ....•.....•...... 

" 
" " • " 

" 
Arc Quencher 

18 
17 
17 
17 
31 

2 
32 
22 
16 
19 
28 
30 
15 
21 

10 
17 
22 
23 

25A-B 
26 

7 
15 
17 
20 

25A-B 

20 Copper Cooling Pins •••••••••• 30 7 
21 Front Aro Runner ••.•••••••••• 27 7 
22 Shunt Connector .••.••. • •••••• 25 7 
23 Screw ,R.H. /fl0-32 X 1/2 

with Vasher ••••••••••••.••••• 26 7 
24 Baffles. • • • . • • • • • • • . • . • . . . • • • 29 7 
25 Molded Asbestos Shields 

and Spacer .••.•••.••••••••••• 28 7 
26 Mounting Block ............... 32 7 
27 Screw, R.H. 5/16" - 18 

with Washer •................. 31 7 
28 Locking Plate with Clinch 

Nut •...•••••.•• , . • • • . . . • • • • • • 33 7 

Operating Mechanism 

2~ Eccentric Manual Shaft 
(Manual Operated) •••••••••••• 

30 Link (Manual Operated) ••••••• 
31 Link " " .••••.• 
32 Magnet (Solenoid Operated) ••. 
33 Closing Coil " " 
34 Armature " " 
35 Closing Links •...•••...•••..• 

36 Pin in Frame ••.••.•.•• •.••••• 

l 8 and 9 
2 8 and 9 
3 8 and 9 
1 10 
2 10 
3 10 
4 8, 9 and 

10 

37 Toggle Links ••..••••.•.•.. , , 6A-B 
C-D 

5 8,9 and 
10 

8,9 and 
10 

8, 9 and 
10 

38 Spring....................... 7 

39 Operating Crank •••••••••••••• 

40 Prop ........................ . 

41 Pin in Frame ••••••••••••••••• 

42 Spring ••••••••••••••••••••••. 

8 8,9 and 
10 

10 8,9 and 
10 

11 8,9 and 
10 

12 8,9 and 
10 

43 Trip Latch ••••••••••••••••••• 13 8, 9 and 
10 

44 Adjusting Screw ••.••.•.•••••• 14 8, 9 and 
10 

45 Spring ....................... 15 8,9 and 
10 

46 Trip Button and Rod ••...••• •• 16 8,9 IO'ld 
10 

• 

• 

• 
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Item Part Fig. cut-Off Switch 
47 Trip Sbaft . .......... . . ..•.... 17 8,9,10 

48 Adjusting Screw R.R. 10-32 X 
1/2 and Hut ••.••••••••••••••• 18 8,9,10 

49 Trip Arm •••..••.••....•••.••• 19 8,9, 10 
50 Pin in Frame. • • • • . • • • • • • • • . • • 20 8, 9, 10 
51 Riveted Over Pins. • • • • • • • • • • • 21 8, 9, 10 

52 Manual Randle (Manual 
Operated) . • . . . 22 8, 9 

52A E.mergeno1 Closing Randle 
(Solenoid Operated) •••••••••• 22 10 

Closing Relay 

53 Magnet . • • • . . • • • • • • • . • • . • • • • • • 1 
54 Coil ••....•..••••••••.•.••••• 2 
55 Brass Guides ••••...••••••••••• 3 
56 Armature. . . . • • . . . • . • • . • • • • • . • 4 
57 Stationary Contacts •••.••••.• 5 
58 Binding Screws and Washers ... 6 
59 Movable Contact Assembly ••••• 7 
60 Pin and Cotters ••..••.••••.•• 8 
61 Insulation Angle ••..•••..•••• 9 
62 Screws,R.H. /f8X3/ 4 Self 

Tapping and Loclc1rashers •••••• 10 
63 Base. • . . . • • . • • • . . • • • • . . . . • • . • 11 
64 Screws, F.B. /fl0-32 X 3/4 •••• 12 
65 Screws, P.H. #S-36 X 1/2 ••••• 13 
66 Screws, R.H. #8-36 X 1-3/8 

Loclc1rashers and Nuts ••••••••• 14 
67 Angle Support •••••••••••••••• 15 
68 Screws, R.H. #10-32 X 7 / 8 

Lockwashers and Nuts •••.••••• 16 
69 Insulation Barrier •••••.••••• 17 
70 Screws, R.H. Self Tapping 

#6-40 X 3/ 16 ••••••••••••••••• 18 
71 Screw, R.H. Self Tapping 

f4 X 1/4 ....................• 19 

Auxiliary Switch 

11 
11 
11 
11 
11 
11 
11 
11 
11 

11 
11 
11 
11 

11 
11 

11 
11 

11 

11 

72 End Frame . . . . . . • . • . . . . . • . • . . • 8 12 
73 Mounting Block •••••••••• • •••• 11 12 
74 Cover •.•••••••••••••••••••••• 6 12 
75 Movable Contact Assembly • • ••• 3 12 
76 Stationary Contact Asseabl1 •• 4 12 
77 Molded Contact Support ••••••• 5 12 
78 Molded Barriers •••••••••••••• 2 12 
79 Shaft. • • • • • • • • . • • • • • • • • • • • • • • 10 12 
80 Cams on Shaft. • . . • . • • • • • • • • • • 7 12 
81 Crank with Pin and Cotter •••• 9 12 
82 Li..11.k •••••••..•••••••••••••.•• 12 12 
83 Index Arm, with Pin and 

Cotter \Bxtension or operat-
ing Crank Pt. 8, Fig. 8) ••••• 14 12 

Manual Closing Switch 

84 Molded Frame ••••••••••••••••• l 13 
85 Contact Brackets and 

Stationary Contacts •••••••••• 
86 Ter111inal s and Binding Sore•• • 
87 Op~rating Rod •••••••••••••••• 
88 Compression Spring • •••••••••• 
89 Vasher . ........•............• 

Contact Spring ••••••••••••••• 
Insulation •.....••...• . .•.••• 

2 
3 
4 
5 
6 
7 
8 

90 
91 
92 
93 

Movable Contact Strip ••.••••• 9 
Gu.ide. . • . . . . . . . • . . . . . . • . . . • . . 10 

13 
13 
13 
13 
13 
13 
13 
13 
13 

Item Part 
94 Molded Frame . ...•....•.•.•.. , 7 
95 Mounting Screws, R.H. 

#6-40 X 1/ 2. . • • • • • • • • • . • • • • • • 12 
96 Operating Rod ...•.••• . ••.•... 14 
97 Compression Spring •.••••••.•. 13 
98 Contact Spring ............... 11 
99 Movable Contact Strip •.•••••• 10 

100 Stationary Contacts •••••••••• 9 
101 Binding Screws .... . ..•....•.. 8 
102 Stop .•• , •••• , ••••••••.••••••• 15 
103 Operating Lever .•••••.••••••• 17 
104 Adjusting Screw •.••.••••••.•• 16 
105 Lock Nut., •••••.••••.•••••••• 18 
106 Pin and Cotter ••.•••••••••••• 19 
107 Flat Spring.. • • . • • • • • • • • • • • • • 3 
108 Insulation •••.•••••.•••••••• • 6 
109 Support Plate.... . • • • • • • • • • • • 5 
110 Pin of Breaker Closing Links. 4 

Dual Oil Film Magnetic 
Overcurrent Trip Device 

111 Magnet •••••••.•••• • •••.•••••• 

.: 

4 

" .........••.•••• , • • • . • . 11 
" 

112 Series Coil with Upper Ter­
minal and Lower Stud •••••.••• 

" 
" 
" 

" 
" 
" 

" 
" 
" 

" 
" 
" 

113 Insulation Tube •••••••••••••• 
114 Insulation Washer ••••.•••••• • 

" " 
115 Armature Assembly •••••••••••• 

" " ........... . 
116 Frame .•..•..•..••••...••..... 

" 
" 

117 Pin and Cotters •••••••••••••• 
" " " 

" " 
118 Pivoted Cover and Support ••• 
119 O~l Pot .•...•••••..•...•.•... 
120 Lower Disc •.••.•••••••••••••• 
121 Upper Dieo ••••••••••••••••••• 
122 Shank . ......••........•...... 
123 Spring .. ....... . ...•••.•.•••. 
124 Instantaneoue Spring ••••••••• 
125 Calibration Spring ••••••••••• 

" " 
" " 126 Calibration Adjusting Inob 

and Screw . ...........•.•..••• 
" .. " " " 
" " " " " 

2 

9 
16 

4 
4 

10 
11 

3 
1 
l 

12 
5 

11 
13 

6 
9 

14 
15 
16 
17 
18 
19 
20 
21 
10 
14 

22 
11 
15 

127 Calibration Index •••••••••••• 23 
" " • • • • • • • • • • • • 12 

16 
128 Screwe, Bex.Rd. f20 •_• 32 • i'ii2" 

with Huts and Washers ••• • •••• 25 

" " 

• " " • " 13 
129 Soren, R.B. fs - 36 X ii4 .... · 

with Vaehera •.•••••••• . • . •••. 26 
130 Calibration Plate •.•••••••••• 27 

" 
" 

• . . . • . • • . • . . . 14 
" • • • • • • • • • • • • 13 

131 Adjusting Stop • • •• • •••••••.• . 24 

Fig . 
14 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

15 
7 

20 

15 
7 

20 
25A-B 

15 
15 

25A-8 
1G 
20 
15 
20 

25A-B 
15 
20 

25A-B 
15 
15 
15 
15 
15 
15 
15 
15 
20 

25A.-B 

15 
20 

25A-B 
15 
20 

25A-B 

15 
20 

15 
15 
20 

25A-B 
15 
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Dua l Thermal Magnetic 
0ve rc~rrent Trip Device 

Item 
132 Molded Frame •••••• • ••••••••• 
133 Magnet Assembly ••• • ••••••••• 
134 Serie s Coil ••••••••••••••••• 
135 Induction Ring •••••••••••••• 
136 Armature ••.•...•••....••.••• 
137 Spring Binge ••••••. • ••• •••.• 
138 Yoke . •.. . •••..•...••••• • ••.• 
139 Pin for Yoke and Arwature .•• 
140 Adjusting Screw and Spring •• 
141 Fl a t Burrer Springs ••..•.•.• 
142 Leather Buffer •••••••••••••• 
143 Armature Adjusting Screw 

Part 
4 
6-
5 
7 

19 
14 
20 
25 
21 
22 
24 

and Nut . .. . ..........••••••• 23 
144 Re set Spring for Yoke •••.•.. 
145 Adjusting Screw ••••• • •••.••• 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 

·156 

Trip Arm .. ...... . ..... • ••••• 
Bimetallic Strip •••••••••••• 
Thermal Trip Arm ....••••...• 
Pin . ..... . ................. . 
Latch Support • •••••••••••••• 
Adjusting Screw ......•• • .•.• 
Latch Plate . •• •.•••••••••••• 
Tor ~ion Spring ..•••••••••••• 
Spring for Thermal Trip Arm •• 
Calibration Knob • ••••••••• • • 
Calibration Cam, Spring 

26 
2:'I 
29 
13 
9 
8 

10 
12 
15 
11 
16 
17 

And Cotte r • ••••••••••••• ,,,. 18 
157 
158 
159 

Short Circuit Spring ••• • •••• 
Spring Guide and Lock Nut, •• 
Tubular Spring Guide 
And Cotte r .. .........••..... 

l 
2 

3 
160 P"in •• ••••••••••••••••••••••• 28 

Ins tantaneous 0vercurrent 
Trip De vice 

161 Stop and Hex. Nut •••••••• • •• 7 
162 Support for Stop •••••••••••• 8 
163 Trip Plate, riveted to 

Armature Assembly .••••.•..•• 9 

Ins tantaneous Short 
Circuit Trip Device 

164 Lower Stud, ••• • •••••• ••••••• 1 
165 Spacer (if needed) • ••••••••• 2 
166 Brass Plate • • ••••••••••• , ••• 3 
167 Screw, P.H. f l0-32 X l"...... 4 
168 Magnet • • • • • • • • • • • • • • • • • • • • • • 5 
169 Screws, R.H. #10-32 X 7 / 16 

With Lockwasher •.••••••••••• 6 
170 Brass Guides •••..••••••••••• 7 
171 Guide Rod, Welded to 

Armature .••••..••....•••.•.• 8 
172 Armature •..•.•••.••••••••••• 9 
173 Nuts, 1/ 4" - 20 ••••••••••••• 10 
174 Brass Rod, brazed to 

Brass Plate ••••••••••••••••• 11 
175 Trip Arm ••...•.•••.•....•••• 12 
176 Brass Tube, ••••••••••••••••• 13 
177 Compression Spring •••••••••• 14 
178 Brass Cup •. . ••••. • • • •••••••• 15 

Undervoltage Trip Device 

179 Composition Spacing Block ••• 19 
180 Screws R.H. #10 Self Tap-

pin,: with Washers .. ... . ..... . 22 

Fig, 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

17 
17 
17 

17 
17 

20 
20 

20 

21 
21 
21 
21 
21 

21 
21 

21 
21 
21 

21 
21 
21 
21 
21 

22 

22 
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Item Part 
181 Magnet ••••..••.•••.••.•••••• 23 
182 Screws, R.B. flo - 32X 1-3/4 

and Lockwasher •••••••••••••• 20 
183 
184 
185 
186 

Support . • ..•.••.•••......••• 
Barrier . ...•.....•......•..• 
Brase Guides • . •••••....•.••• 
Screwe, f4 X 1/ 4 

2:'I 
17 
24 

Self Tapping •••••••••••••••• 16 
187 A.rmat11re ••••••••• • •• • ••••••• 25 
188 Pin and Cotters ••••••••••••• 26 
189 Stop Screw, R.B. 1/ 4" -

20 X 5/ 8 with Bex. Mut 
(For Direct Current Only.,,. 15 

190 Potential Coil •••••••••••••• 21 
191 Trip Lever •••••••••••• , ••••• 9 
192 Pin and Cotters ••••••••••••• 10 
193 Stop Link(Instantaneous 

Only) . • . . . . . . . . . . . 11 
194 Pin and Cotters ••••••••••••• 8 
195 Spring ••••••••••••••..•• • . • . 
196 Spring Adjusting Screw 

fl0 - 32 X 1-1/ 2 With 

12 

Locknuts...... . . . . . . . . . . . . . • 14 
197 Frame . . . . ...• . .•. . .. . ....... , 13 
198 Trip Adjusting Screw,Hex. 

Hd. fl0-32 X 1-3/ 8 with Nuts... 4 
199 Composition Trip Ar■ •••••••• 3 
200 Reset Arm •...•••••••••.••.•• 1 
201 Reset Li.nk... • • • . • • • • • • • • • • • 7 
202 Flat Spring ••••••••••••••••• 6 
203 Buffer Spring ••••••••••••••• 5 
204 Pin and Cotters ••••••••••••• 28 
205 Reset Adjusting Sqrew BeL Rd. 

#10 - 32X5/ 8 ••••••••••••• , ••• 29 
206 Hex. Nut #10 - 33 ............ 30 
207 Plunger (Time Delay Only),,, 32 
208 Frame " " " 33 
209 Cover " " " 34 
210 011 Dash Pot " " 35 
211 Disc " " ...... 36 

Reverse current Trip 
Device (Rotor Type). 

212 Series Coil with slotted 
Connection Straps •••••.•.••. 

213 Magnet Core •••••••• • •••••••• 
214 Magnet Supports •••••• • •••••• 
215 Pole Shoes .•.•••••••.•.•.••• 

1 
7 
8 
9 

216 Araature ••••••••••••••••.••• 12 
217 Armature Coil •••••• ••••••••• 11 
218 Connection Strap Support • • •• 4 
219 Insulation Washer ••••••••••• 2 
220 Screws, R.H. 1/ 4" X 20 X 

3/ 4" with insulation &.ash­
ing s, Washers and Muta •••••• 

221 Insulation Tube ••••••••••••• 
222 Bolts, Bex. Hds. 3/8 - 16 X 

1-1/ 4 with Lockwaahera •••••• 

3 
5 

6 
223 Bolts, Bex. Bds. 5/16 - 18 X 

1-1/ 4 with Lockwasbers •••••• 10 
224 Upper Connection Strap 

of Coil. • • • • . • • • • • • • • • • • • • • • 13 
225 Side Connection Strap 

of Coil •••••.•.••••.•••••••• 14 
226 Studs 5/ 16" - 18 X 9" with 

Muta and Washers ••.••••••••• 17 
227 Rear Armature Bear~ ••••••• 18 
228 Front Armature Bearing •••••• 23 
229 Armature Shatt •.•..•••..••.• 19 
230 Upper Dust Cover •••••••••••• 16 

Fig. 
22 

22 
22 
22 
22 

22 
22 . 
22 

22 
22 
22 
22 

22 
22 
22 

22 
22 

22 
22 
22 
22 
22 
22 
22 

22 
22 
22 
22 
22 
22 
22 

23 
23 
23 
23 
23 
23 
23 
23 

23 
23 

23 

23 

23 

23 

23 
23 
23 
23 
23 

• 

• 

• 

• 
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• 

• 

• 

• 

Item Part Pig. 
231 Lower Dust Cover •..••••••••• 20 23 
232 Spacer .••..•.•••••••••..•••• 21 23 
233 Escutcheon Plate •••••••••••• 24• 23 
234 Spacer ...••.•.•.••••..•••••• 25 23 
235 Calibration Spring •••••••••• 26 23 
236 Trip Crank .••••••••••••••••• 27 23 
237 Spacer ..............•....•.. 28 23 
238 Pin . .... ......... . ........•• 29 23 
239 Trip Rod #10 - 32 and Auembly 30 23 

23 240 Trip Lever . ...........••.... 
241 Calibration Screw, Bex.Bd. 

with Washer and Cotter •.•••• 
242 Calibration Plate ••• • ••••••• 
243 Calibration Index .•.•••••••• 
244 Compression Spring •••••••••• 
245 Stop Screw for Mormal 

Rotation ..••..••••.••••• •••• 
246 Stop Screw for Reverse 

Rotation ...•••••••.. • ••••••. 

Reverse Current Tri) 
Device (Magnet Type 

247 Laminated Section of Magnet •• 
248 Solid Section of M~et .•••• 
249 Insulation •••••••••••••••••• 
250 Potential Coil •••••••• • ••••• 
251 Armature Assembly ••••••••••• 
252 Stop Pin ••••••••••••••• ••••• 

31 

33 23 
34 23 
35 23 
36 23 

37 23 

38 23 

2 25A-B 
6 25A-B 
7 25A-B 
8 25A-B 

10 25A-B 
12 25A-B 

-30-

Item Part Fig. 
253 Trigger •••••••••••••••••••• • 17 25A-B 
254 Trigger Shaft ••••••••••••••• 18 25A-B 
255 Bearing Plate ••• •••••• ••••• • 19 25A-B 
256 Trigger •••••.••. . ••••.••.•.• 20 25A-B 
257 Reset Crank ••••••••••••••••• 24 25B 
258 Insulation Link ••••••••••••• 25 25B 
259 Link ••••••••••••• ~ •••••••••• 26 25B 
260 Pin and Cotters ••••••••••••• 27 25B 
261 Torsion Spring •••••••••••••• 28 25B 
262 Reset Lever ••••••••••••••••• 29 25B 

Shunt Trip Device 
283 Frame ....••••. •...••..••.•.. 2 26 
264 Adjusting Screw, R.B. flO - 32. 

with Locknuts and Washer ••••• 3 26 
265 Mounting Screws, R.H. 

#10 - 32 with Washers •••••••• 4 26 
266 Adjusting epr.ing ••.•........ 5 26 
267 Pivot Link . .••.••.•....•••.. 6 26 
268 Pin and Cotters ••••••••••••• 7 26 
269 Pin and Cotters ••.••••••.•.• 8 26 
270 ArmatuN . ...•.•••••......•.. 9 26 
271 Brass Guides .•••••••.••.••.. 10 26 
272 Magnet •• •••••••••••••••••••• 11 26 
273 Coil . •...................... 12 26 
274 Screws, #4-1/4 Self Tapping •• 13 26 
275 Plunger with Washer and 

Cotters ..................... 14 26 
276 Trip I,e ver . ................. 15 26 
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These instructions do not purport to cover all details or variations in equipment 
nor to provide for every possible contingency to be met in connection with installa­
tion, operation or maintenance. Should further information be desired or should 
particular problems arise which are not covered sufficiently for the purchaser's pur­
poses, the matter should be referred to the General Electric Company. 

ro S/IPPLY ro LOAD 

SHUNT WINDING -------.i....~~vv,.,vv.,,vvv­

SERIES WINDING--------+-__, 

LIMIT SWITCH - - ------++-,">Av 

WORM GEAR ----- -------1--+---..!!9 

MANUAL· AUTOMATIC 
SELECTOR SWITCH 

MANUAL LOWER SWITCH 

OUTPUT VOLTAGE----' 
TEST TERMINALS 

FUSES----...J 

1- o 
l-5 

SWITCH 
CONTROL SUPPL" ----1~· 1 l(b"""o . -~ -- - · 

CONTROL PANEL ~ -
lRUR VIEW) 

G-°'t TO 120 VOLT 
6-J SUPPLY 

-........::.._ ___ CONTACT MAKING 
VOLTMETER 

---MOTOR CONTROL 
RELAY SWITCH 
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TYPE AIRS INDUCTION-VOLTAGE REGULATOR 
FOR INDOOR SERVICE 

The Type AIRS induction-voltage regulator 
ia a device for automatically maintaining voltage 
ol electrical circuits within predetermined limits. 
The regulator consists of a movable rotor, on 

CONTROL SUPPLY 
TERMINAL SOARD 

ro SUPPt.r 

. 

which is wound the shunt winding to be con­
nected aCt'Osa the line, and a stator on which is 
wound a series winding to be connected in series 
with the line to be regulated. The voltage in-

TO LOAD 

LIMIT SWITCH _____ __, __ __, 
' / 

MANUAL RAISE SWITCH "---------
CONTACT MAKING 
VOLTMETER RESISTANCE 

·- · T I 
MANUAL 

I _. AUTI>MA 

~ -- · 
IIANUM..•AUTOM 
SELECTOR SWITC 

·~=-....,.c~:::i- . 

! I 
I, . 

~ ---" 
MANUAL LOWER SWITCH 
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FUSES __ __,, 

CONTROL SUPPLv-----.--
SWITCH 

CONTROL PANEL . - -~---· 
(lt£Alt VltW) 

----MOTOR CONTROL 
RELAY SWITCH 

Fla. 2 . Typical coanecuoo diagram o( replator 
aad awtiliaria (wae It.a tiza) 
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GEH-10858 J,,duction-tioltage Regulator, Type A l RS 

duced in the series winding and, therefore, the 

amount of voltage which is added or subtracted 
with respect to the line voltage may be varied 

by changing the position of t he rotor relative 
to the stator . 

In addition to the shunt winding there is a 

closed-circuit winding on the rotor with a phase 
displacement of 90 degrees from the shunt wind­
ing. T his winding has the effect of equalizing 
the losses and the reactance of the regulator, 
when the rotor is in its various positions of 
raise and lower, so that the load current can 
flow through the regulator with the minimum 
voltage drop. 

The T ype AIRS induction-voltage regulat.or 
may be obtained in standard kva ratings up to 
12 kva and a voltage range up to 600 volts, 60 
cycles. 

SHUNT WINDING 

4 

I 

SERIES WINDING ' 0 

T here is a wide range of usage for t his type 
of regulator . They may be used for testing 
purposes with a short-time duty cycle of one 
hour and with a range of regulation up to 

100 per cent lower to 200 per cent raise. Th\ 
testing-type regulator may be arranged for 

operation with a hand crank on the worm or 
motor operation with push-button switches. 

T he automatic regulators may be obtained 
for a range of regulation of plus or minus 10 

per cent. 
The automatic regulators are controlled by a 

contact-making voltmeter mounted on a control 
panel. 

Because of the wide range of kva sizes, two 
types of mechanical construction are used : one 

type uses a riveted-stator core with cast-iron 
top and bottom frames for kva ratings up to 

TO LOAD 

CONTACT MAKING 
VOLTMETER CONTACTS 

V , J • r CONTROL su,,L, 
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Fia, 3. Schemaric diaanm of Fia , 1 
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lnd11ction-t1oltage Reg"lator, Type AIRS GEH-1085B 

6.0 lcva short-time duty; the other has a welded­
type construction, similar to that used on the 
interior of the oil-filled induction regulators for 
larger kva sizes. These two types of construc­
tions are shown in Fig. 6 and 7. 

Automatic regulators up to 3.6 kva sizes 
(Fig. 6), because of their physical size, require 
sepa.rate sources of power for the control motor 
and contact-making voltmeter. The control 
panel is furnished for mounting separate from 
the regulator. 

On lcva sizes of automatic regulators above 
3.6 kva (Fig. 7) , the control is supplied from a 
two-winding transformer assembled on the 
regulator-stator cover, and the control panel is 
mounted on the front of the regulator. 

4 

TO SUPPLY 

CONTROL SUPPLY 
TRANSFORMER 

SHUNT WINDING 

FUS[-------lol 

H.C.- HOLDING COILS 

R.R.- R[LAY-RAISE 

R.L. - RELAY-LOWER 

LS. - LIMIT SWITCH 

M.R. - MANUAL-RAISE 

ML.- MANUAL-LOWER 

The automatic operation of these regulators is 
controlled by a contact-making voltmeter, which 
responds to changes in the load voltage and in 
conjunction with a motor-control relay, causes 
the operating motor to rotate the regulator 
rotor to the position required to correct a devia­
tion of the line voltage from normal. 

Fig. I is a general wiring diagram (automatic 
control) of the small kva sizes with external 
source of controi and with the control panel 
separately nounted . Fig. 2 is a general wiring 
diagram (automatic control) of the larger lcva 
sizes with internal control and with control 
panel mounted on the regulator. Fig. 3 is a 
schematic diagram of Fig. 1; Fig. 4 is a sche­
matic diagram of Fig. 2, and Fig . .3 is a sche-

TO LOAD 

,---- CONTAC,.✓.;AKING 
VOLTMETER CONTACTS 

------CONTROL SUPPLY 

t 
MANUAL -AUTOMATIC 
SELECTOR SWITCH 

T. -
A. -

M. -

TEST } 
AUTOMATIC 

MANUAL 

s 
SWITCH 

-1 
\ 

AUTOMATIC-MANUAL 
SELECTOR SWITCH 
POSITIONS 

Fis. -4. Schemaric diagram of Fig. 2 
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GEH-1085B lnd11ctw11-voltaa~ Regwlalor, Typ• AIRS 

Fis. ,. Schematic diasram of baod-openced repwon 

matic diagram of the hand-operated regulators in 
either construction. 

The operating mechanism of the motor and 
automatic regulators consist of a double worm 
and worm-gear drive, a capacitor motor, and a 
limit switch. 

On the small sizes, (see Pig. 6) the gearing is 

enclosed in a dust-tight compartment with the 
vertical-mounted motor and its capacitor as­
sembled on the top of the cover of th1s compart­
ment. The limit switch is assembled to the 

underside of this cover. On the larger sizes, 
(see Fig. 7) the complete mechanism, including 

the motor and capacitor is enclosed with a .dust­
tight casing. The motor-operated and automatic 
regulators may be operated manually by a hand 
knob on the motor shaft. 

A worm assembled to the motor shaft drives 
the main-regulator worm through a Textolite 
worm gear on the end of the worm. The main 
worm then in tum drives the regulator rotor 
through a worm gear assembled on the rotor 
shaft. The limit switch limits the travel of the 
regulator rotor in each direction. 

The motor is equipped with ball bearings and 
the regulator worm and rotor shaft are equipped 
with tapered roller bearings. 

The Type AIRS automatic regulator is equip-
ped with the following control : 

1. Contact-makinr voltmeter 
2. Motor-control relay 
3. Automatic-manual selector switc-h 
4. Manual raise-and-lower switches 
5. Control-supply switch 
I\. Output-voltage-testing terminals 
7. Control-supply fuses 
8. Motor-reversible, capacitor type 
9. Limi1 switch 

10. Control-supply transformer (on 
larre lrvA iiaes only) 

Mounted 
on control 
p~nel. 
Fsr. 10 

Mounted 
on regu­
la tor 
cover 

8 

1. Contact-mtldn1 Voltmeter, Type TSB-20-
See Jl'tc. 8 
The Type TSB-20 contact-making voltmeter 

is both a measuring device and a relay ; it con­
tinuously measures the regulator-output voltage 
and controls the operation of the driving motor 
on the regulator, as required, to maintain that 
voltage within the preset band. 

The sensitive element of the Type TSB-20 
contact-making voltmeter is a solenoid with an 
iron core suspended from a spring. It responds 
to current changes. To measure voltage, the 

solenoid current must always be proportional 
to the voltage. 

In the Type TSB-20 contact-making volt­
meter, this condition is obtained by using a 
ballast with a low-temperature coefficient in 
series with the solenoid, so that substantially 
constant-solenoid current is obtained with a 
given voltage, and temperature errors a re very 
small. 

When in operation, the pull of the solenoid, 
which varies with the voltage, and the pull of the 

compensating spring are balanced against the 
weight of the solenoid core. This solenoid 
operates a set of single-pole, double-throw con• 

tacts mounted on a pivoted beam. The left-hand 
contact closes when the voltage is too high , and 
the right-hand contact closes when the voltage 
is too low. This action causes the regulator to 

operate and correct the voltage to the predeter­
mined normal value. Thus, if the tension of the 

c~mpensa~~g spring is increased, less v~lt~ 
will~ re~1red to balance the.core we.irht. and 
the voltaces at which the TJlise and. lower con• 
tacts close will both be reduced. Similarly, if the 
tension of the compensating spring is reduced, 
the voltages at which the contacts close will both 
be increased. 

The difference in the voltage value at which 
the "raise" contacts make and that at which the 
"lower" contacts make is called the "~ 
Jrid,th..'' This can be adjusted by means of the 
stationary-contact adjustmc:nt. Raising the sta­
tionary contacts will increase and lowering them 
will decrease the band width. Above and below 

the right-hand end of the contact beam are the 
holding-coil assemblies. Connections are made 

\ 
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GEH-1085B lt1dttctiot1-voltnge RegNlator, Type AIRS 
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/11durtion-vollagc Regulator, Type AIRS GEH-1085B 

so that the holding coil above the beam is 
energized when the right-hand or raise contact 
is closed. This coil then exerts a force on the 
contact beam to hold these contacts together 
until the volta~ has been restored to a value 

St..tionar-y 
contact.a 

Cont.rt b<Mlm 

Ta.,cl;ollta 
baM 

fig. &. Type TSB-20 concacr-mak.ing YOltmeter 

above that at which the contacts closed. The 
difference, thus caused, in the voltage at which 
the contacts make and that at which they break 
is termed "holding effect." Self-locking adjusting 
nuts are assembled on each holding-coil assembly 
for the adjustment of the holding effect. 

2. Motor-control Relay-See Fig. 9 
The motor-control relay is controlled by the 

raise and lower contacts on the contact-making 
voltmeter. This relay is provided with silver-to­
silver contacts. 

The relay operating coils, controlled by the 
contact-making voltmeter contacts, consist of 
a main operating winding and an auxiliary 
winding. The auxiliary winding is energized 
through transformer action from the main wind­
ing, and provides power for the holding coils of 
the contact-making voltmeter at the instant 
that the contact-making voltmeter contacts 
close the circuit to the main winding. This 
method of energizing the holding coils, and the 
extremely low current required for the main 
relay winding, results in a contact-making 
voltmeter contact current so small that there 

is practically no visible arcing at the contacts. 
The relay is protected by a molded cover held 
in place by two thumb nuts and is easily removed 
for inspection. 

3. Automatic-manual Selector Switch- See 
, •. 10 
The three-position selector switch connects 

the control circuit for automatic operation, 
manual control, or test. When the switch is on 
the "manual" position, the regulator may be 
operated to raise or lower the line voltage by 
means of the momentary-contact push buttons, 
above and below the selector switch. When the 
switch is on the "test" position, the regulator 
responds to both the manual push buttons and 
the contact-making voltmeter contacts. This 
greatly simplifies the adjustment of the volt­
meter, since the regulator voltage can be raised 
or lowered manually by small increments until 
either limit of the band width is reached, at 
which point the voltmeter automatically takes 
over the control and brings the voltage back 
to the center of the voltage band. 

4. Manual Raise and Lower Switches-See 
Fig. 10 
These switches are of the momentary-contact 

push-button type, and control the regulator 
operating mechanism when the automatic­
manual selector switch is on the "manual" or 

Fig. 9. Motor-coonol relay 

11 
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GEH-1085B Induction-voltage Regulator, Type AIRS 

S. Control- Supply Switch- See Fig. 10 
This switch is of the enclosed toggle type with 

thermal overload protection and serves to discon­
nect the motor circuit from the control supply. 
6. Output-voltage Testing Terminals- See 

Fig. 10 
The two voltage-testing terminall\ on the 

front of the control panel provide means for 
reading the output voltage at the regulator ter­
minals. 
7. Control- Supply Fuses- See Fig. 10 

The control-supply fuses located on the front 
of the control panel are for the protection of the 
control supply from a short circuit. 

Contact makin 
vottmozt,zr 

Wninc.h for 
- pivot bozori ng 

Sett 5C.1"'2W 

Shipping 
scr<2w 

8. Motor, Reveraible, Capacitor Type 
The driving motor is of the reversible, capac­

itor, ball-bearing type with unusually high­
starting torque for rapid acceleration. The 
average rate of voltage correction of the Type 
AIRS regulator is considerably longer than the 
Type IRS regulator, so that it may be installed 
on feeders that are already regulated at the 
substation without causing hunting between 
the two installations. The Type AIRS regulator 
operates from maximum raise to maximum 
lower and vice versa in 40 seconds. 

A knob on the upper end of the motor shaft, 
provides for emergency hand operation. 

Ralsci-push button 
switc.h 

Low,zr-push button 
switch 

Output voltagci 
- last t,zrminals 

Cont.rot supply 
switch 

fig. 10. Conttol panel 
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hiductio,i-110/tage Regulator, Type Al RS GEH-10858 

compensation may be required. Regulators with 
line-drop compensators on the control panels 
may be obtained. 

Fi1, 11. Limit switch 

9. Limit Switch- See Fie. 11 
The limit switch limits the travel of the regu­

lator rotor at the maximum positions. 
The limit switch consists of two single-pole, 

single-throw switches with silver-to-silver con­
tacts. Normally these switches are closed. One 
switch limits the travel of the regulator rotor 
in the raise direction and the other one in the 
lower direction. The limit switch is operated 
by an insulated trip finger assembled on top 
of the main worm gear. 

The limit switch C'ontacts are in the motor 
circuit. 

10. Control Supply 
On the small kva sizes, the control supply fos­

the motor may be obtained from any 120-volt, 
60-cycle 1.5-ampere capacity source. The control 
for the contact-making voltmeter should be 
taken from the load-side regulator terminals for 
load voltages 120 and 240 volts. Above 240 volts, 
a potential transformer with a capacity of at 
least 50 volt-amperes should be used to step 
down the voltage to 120 volts. 

On the large kva sizes, a control-supply trans­
former is assembled on the stator cover and 
supplies the power for the control. 

This transformer is connected to the load side 
of the regulator and the voltage varies with the 
load voltage so that the contact-making volt­
meter will hold constant voltage on the feeder. 

Line-drop Compenutor (Optional) 
Since Type AIRS regulators can generally 

be installed at or near the center of the load, the 
voltage drop to the load is of a negligible value 
and has no appreciable effect on the voltage 
regulation delivered at that point. If it is neces­
sary to install this type of regulator a consider­
able distance from the load center, line-drop 
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Shipment 
Each regulator is shipped completely c:.ssem­

bled. The crating is provided with skids to 
facilitate handling in transportation. When 
lifting the crated regulators, slings should be 
used under the skids on the crate. 

Storace 
If the regulator is not to be used immediately, 

it should be stored in a clean, dry place where 
the temperature is reasonably uniform. 

Handlinc 
The uncrated regulators should be lifted with 

slings attached to the eyenuts on the top. On 
the large regulators a spreader, equal in length 
to the distance between the eyenuts, should be 
used between the slings to prevent deforming the 
lifting studs. 

Installation 
Before installing the regulator, see that it is 

suitable for the circuit that it is to control. All 
rating data appear on the regulator nameplate. 
All induction-voltage regulators have a minus 
ten per cent and a plus ten per cent tolerance 
in voltage rating, that is, they are so designed 
that with an input voltage from 90 per cent to 
110 per cent of the rated voltage, they will 
operate over their entire range of raise and lower 
without exceeding 55 C rise, if neither the kva 
nor the ampere rating is exceeded. 

Connections 
The Type AIRS regulators have the shunt 

and series winding leads brought out through 
a cable bushing on the b1ck. These leads are 
provided with two-bolt terminals. 

A connection diagram furnished with each 
regulator (number stamped on the regulator 
nameplate) gives in detail the connections to be 
made in connecting the regulator into the line. 

On the smaller kva sizes, in addition to con­
necting the regulator to the line, it will be 
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necessary to connect the control panel to the 
control leads on the regulator and, also, separate 

sourc-cs of supply for the motor and the control 
panel should be connected as shown on the con­
nec-tion diagram. 

Before connecting an automatic regulator 
into the line, open the control-suppply switch 
on the control panel. 

Install the regulator in a location that is dry, 
has good ventilation, and is free from dust and 

dirt The support for the regulator should be 
flat, level, and rigid. 

The use of fuses in the incoming lines to the 
shunt winding is not recommended because of 
the high potential that would be induced in 
the series winding, if the line connections to the 

shunt winding were opened while current was 
flowing in the series winding. In general, the 
feeder should be disconnected when putting the 
regulator in or out of service. 

Grounding 

Induction-voltage regulators should be per­

manently grounded, using a copper conductor 
with a cross section at least equal to the maxi­
mum-size conductor that connects the regulator 
to the line. 

Checking Direction of Rotation 

After the regulator is connected into the 
circuit, close the control-supply switch on the 
panel, set the auto-manual selector switch on 
the panel in the manual position. Operate the 
regulator in both directions with the manual 
raise and lower switches, checking the dial on the 

hand knob on the motor to see that the regulator 
rotates correctly. 

Contact-making Voltmeter, Type TSB-20 

The contact-making voltmeter has a dust­
tight cover with a glass front. This cover is 

hinged at the bottom and held at the top by a 
spring latch. Remove the shipping screw (end 
painted red) located at the top of the solenoid 
core and the solenoid case. This shipping screw 
should be inserted in the rlip on the front of 
the base for future use, in case the voltmeter is 
de-energized for any length of time or the regu­

lator is moved. 

The operation of the voltmeter should be free 
from sluggishness. This may be determined by 
observing the operation of the voltmeter-con­
tact beam, which should move freely without 
jerking or binding. If the movement is sluggish, 
the bearings should be carefully examined and 
adjusted as explained under MAINTF.NANCE. 

Alignment of Contacts- See Fig. 12 

Both the stationary and movable contacts of 
the voltmeter are spherical in shape and should 
meet with a butting contact, that is, the centers 

of the spheres should be in alignment when the 
contacts meet. 

The spacing of these contacts is shown in 

Fig. 12. The (B) spacing should always be less 
than (A). The amount depends upon the voltage­
band width and is determined by the require­
ment that after contact is made and the holding 
effect has developed the necessary contact pres­

sure, the contact centers will then coincide. The 
stationary contacts can be adjusted to obtain 
this condition by moving these contacts slightly 
to the left or right, by means of the extensions 
provided on the contact holders. It should be 
possible to make these adjustments without 

loosening the screws that hold these stationary 
contacts into the contact assembly. 

Adjustment of Contact-making Voltmeter­
See Fig. 13 

At the factory, the contact-making voltmeter 
has been adjusted for a normal load-center 
voltage of 120 volts with the voltage-band width 
limits at 119 volts and 121 volts. This band­

width adjustment is recommended for all aver­
age lighting-feeder applications. 

In order to check these settings of the contact­
making voltmeter and make such readjustments 
as the installation may require, an indicating 
voltmeter should be connected to the output­
voltage testing terminals on the control panel. 
The indicating voltmeter will then show the 
voltage for which the contact-making voltmeter 

is adjusted. 
A very convenient means for checking the 

various adjustments of the voltmeter is obtained 
by utilizing the induction regulator itself to 
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vary the voltage. Set the automatic-manual 
selector switch in the "Test" position. A pre­
liminary check can be made by notching the 
regulator along in one direction with the manual 
"Raise" or "Lower" switch until the voltmeter 
contacts "make" whereupon the regulator will 
be caused to return toward the normal voltage 
position. Next, check the operation in the 
opposite direction in a similar manner. Thus, 
the voltages at which the contacts "make" 
and the effectiveness of the holding coils in 
causing the regulator to return to the normal 
voltage position may be readily checked. 

The band width should be checked to deter­
mine the voltage at which the raise and lower 
contacts just "make." With induction regulators, 
it is customary to adjust the voltmeter for a 
band width of two volts, that is, the "raise" 
contact sht>uld just "make" when the voltage is 
one volt below the normal voltage and the 
"lower" contact should just "make" when the 
voltage is one volt above normal, although for 
some service, a band width of three volts (plus 
or minus one and one half volts) may be desir­
able. The band width is adjusted by the station­
ary contact adjusting knob at the top of the 
stationary contact assembly. Turning it in a 
clockwise direction lowers the contacts narrow­
ing the band width, and in a counterclockwise 
direction raises the contacts widening the band 
width . This adjustment and those for the com­
pensating spring and holding coils are of the self­
locking type. 

The normal voltage setting of the voltmeter 
should next be checked. Normal voltage is the 
median of the voltage at which it is desired 
that the raise and lower contacts shall respective­
ly close. At this voltage, the contact beam 
should balance in a horizontal position, half­
way between contact positions. This condition 
may be obtained by adjustment of the compen­
sating-spring adjusting nut, turning it in a 
clockwise direction to decrease the voltage and 
in a counterclockwise direction to inc-rease the 
voltage. 

The holding coils should next be adjusted to 
give sufficient holding effect to return the regu­
lator to the normal voltage position after each 
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operation. If the holding effect is too great, the 
regulator will overshoot this position, and if too 
little, it will fail to correct the voltage to this 
position. Holding effect is increased by moving 
the holding-coil cores closer to the armature, 
located on the end of the moving contact beam, 
and is decreased by moving the cores away from 
the armature. These adjustments are made by 
the knurled nut on each holding-coil assembly 
and are self-locking. 

General Maintenance and lnapection 
Keep the regulator and control clean. It is 

recommended that the dust on the windings of 
the regulator be blown off with clean dry com­
pressed air at least once a month. If dust is 
allowed to accumulate on the windings, it will 
blanket the coils and retard the radiation of the 
internal heat of the windings. 

Contact-makinc Voltmeter, Type TSB-20 
The contact-making voltmeter requires a 

tninimum of maintenance. Occasional cleaning 
of the contacts may be desirable, if they become 
pitted after a long period of operation. It is not 
necessary to replace contacts unless they have 
burned to such an extent that the contact metal 
has worn through. 

Alipment of Contacts- See Fig. 12 

The spacing of the contacts is shown in Fig. 
12. The spacing (B) of contacts should always 
be less than (A). The amount depends on the 
voltage-band width and is determined by the 
requirement that after contact is made and the 
holding effect ha.s developed the necessary con­
tact pressure the contact centers will then 
coincide. The stationary contacts can be ad­
justed to obtain this condition by moving these 
contacts by means of the extensions provided 
on the contact holders. It should be possible to 
make these adjustments without loosening the 
screws holding the stationary contacts in place: 
See Fig. 13. 

Cl,anin, Contact, 
The surface of the contacts may be dirty or 

oily, or they may be burned rough, and a separate 
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procedure is recommended for each case as 
follows: 

Dirt, or oa, Contact, 
Dirt or oil should be removed by brushing. 

Use a piece of chamois soaked in carbon tetra­
chloride and supported on a thin piece of flat 
metal, so that the chamois will be properly 
supported but will not have a thickness such as 
will require crowding the cleaning instrument 
between movable and stationary contacts. The 
cleaning with carbon tetrachloride should be 
followed by wiping with a second piece of 
chamois, similarly supported, but to be clean 
and dry for the purpose of removing the carbon 
tetrachloride deposit left by evaporation. 

Rou11& or Bumed Contact, 
Remove contacts as follows (see Fig. 13}: 

The stationary contacts are held by self-locking 
screws and plates in the pockets of the molded 
support and are released by a few counter­
clockwise turns of the self-locking screws. The 
movable contacts are screwed into the contact 
beam and should not be removed before the 
stationary contacts are first removed, to give 
greater acceaibility. Support the beam by 
hand, to prevent injury to the pivots when 
contacts are turned. 

The movable contacts can be serviced while 
assembled on the contact beam provided the 
beam is held so that pivots are not abused. 
Smooth the surfaces with a relay-cleaning tool 
(usually in the form of thin spring tool steel 
roughened by sand blasting) and follow with 
the dry chamois cleaner as directed above. 
Stationary contacts should be smoothed similarly 
but a spacer should be placed between the back 
of the contact supporting spring and the contact 
holder, so that a solid support will be given the 
contact, to prevent distorting the spring. 

If small projections have appeared on the 
surface, they should be removed with a fine 
ignition file, but care must be exerc-ised that no 
scratches are produced that cannot be removed 
entirely by the cleaning tool. A final cleaning 
with a chamois should be made. If perforation 
of the movable-contact metal has occurred, 
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continued use will permit the arc to play 
against the brass body of the contact and bring 
to the surface deposits that will increase the 
arcing and possibly cause freezing of contacts. 
In such cases the contacts should be replaced. 

To A11ffllble Contact, 
To assemble movable contacts, hold the beam 

firmly by hand, to prevent injury to pivots, when 
tightening the contact in the beam. To assemble 
stationary contacts, tighten locking screw and 
plate for stationary contacts just sufficiently to 
overcome looseness. When properly tightened, 
it should be possible to swing the contact holder 
or slide it to front or rear without again adjust­
ing the locking screws and plates for the sta­
tionary contacts. Excessive tightening of the 
locking screw will distort the contact holder and 
destroy the contact adjustment. Align contacts 
as shown under ALIGNMENT OF CONTACT-MAK­
ING VOLTMETER CONTACTS. See Fig. 12 . • 

Slugiah Operation 
If the meter becomes sluggish in operation, the 

pivots should be examined for binding of the 
coupling-spring jewels and main contact beam 
jewels. This condition can be checked quite 
readily if the applied voltage is reasonably 
steady. Connect an indicating voltmeter to the 
output-voltage testing terminals on the control 
panel, set the selector switch in the "test" 
position, then "notch" the regulator with the 
"raise" push button until the contact-makmg 
voltmeter picks up the operation and returns 
the regulator to its original position, observing 
very carefully the voltage on the indicating 
voltmeter at which the contact-making volt­
meter picks up the operation each time. Repeat, 
using the "lower" push button. The observed 
values should be consistently within 0.1 volt, 
plus or minus, and if sttccessive trials exceed 
the total (0.2 volt), friction is probably present. 
The binding may be caused by too much pres­
sure on the beam pivots. This necessitates the 
removal of the contact beam as follows. See 
Fig. 1:3. 

First, insert the shipping screw in the threaded 
holes in the top of the solenoid core and solenoid 
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case, making sure that screw threads engage in 
the solenoid con. without disturbing the align­
ment of the front pivot bearing, second, dis­
c-onnect the shunt connector for the beam, where 
it is clamped to the terminal post in the meter 
base, by loosening the screw to permit pulling 
the shunt out from under the clamp; third, 
remove the clamping screw for the coupling 
spring in the top of the core stem; fourth, loosen 
the setscrew for the front pivot bearing and 
push the front pivot bearing to the front of the 
casting as far as it will go; fifth, disengage the 
beam-pivot shaft from the front-pivot bearing 
and remove the beam. 

To chec-k for friction in the couplin&-spring 
pivot bearings; first, hold the contact-beam 
shaft vertical, as shown in Fig. 14; second, tip 
very slightly from vertical so that the coupling 
member will start swinging. If the coupling­
member movement is hesitant, the pivot bear­
ings may be too tight or the coupling-shaft pivot 
points may be defective. Third, to correct tight­
ness, loosen the upper pivot bearing, as shown 
in Fig. 14, by means of the setscrew, set it 
against the pivot shaft and retighten setscrew, 
and again check for friction by "swing" of the 
coupling member. Repeated trials may be 
necessary to obtain the free swing required, 
but do not allow end play between shaft and 
bearings (detected by using the coupling spring 
as a lever and applying light force against the 
bearings). No noticeable shift of pivot points 
should be evident. 

If a free "swing" of the coupling member 
cannot be obtained in this manner, the coupling­
shaft pivot points may be defective. Remove the 
coupling spring and pivot shaft by first loosening 
the setscrew and moving the upper bearing out 
far enough to disengage the shaft. Check the 
pivot points under a 3X magnifying glass. The 
points should be needle-like and free from 
cracks and distortion. 

NoTE: The position of the coupling spring 
and its shaft, with respect to the contact beam 
and its shaft, is located by gage at the factory, 
and perfect realignment will be assured by 
disturbing only the one pivot bearing indicated. 
This is true even if a renewal part is used. Under 

no circumstances should the bracket sides of 
the contact beam be bent to make adjustment 
of the coupling pivot bearings. 

The binding may be caused by too much 
pressure on the beam-pivot shaft. This should be 
checked as follows. 

(Front Pivot-bearing Assembly) 
Check the pivot points as explained above for 

the coupling-spring pivots. 
Check front pivot-bearing assembly in accord­

ance with Fig. 15A and then assemble in bracket 
with beam, in accordance with Fig. 15B, using 
a feeler gage to check for proper clearance: 

Auembly of Contact Beam 
Follow the reverse order of procedure out­

lined under the removal of contact beam. Check 
the position of the front pivot bearing and its 
support before and after assembly, to insure 
alignment and proper end thrust. Do not allow 
shunt connector for beam to touch solenoid 
case as this wilt ground the contact beam. 

Fi1. 15. Conraa-mak.ing•voltmeter lronr-pivor 
bearin1 

Motor-control Relay-See Fig. 16 
The motor-control relay is provided with two 

sets of silver-to-silver contacts. One set, which 
is normally open, is used to control the motor 
circuit and the other set, normally closed, is not 
used on the Type AIRS control circuit. It is not 
necessary to replace the contacts or clean them 
if they show only discoloration, due to the nor­
mal effect of arcing. The wiping action in making 
contact, will keep the actual contact surface 
clean and insure a good electrical contact. The 
contacts should be replaced when the contact­
face material is burned away, and there is no 
longer any wiping action. The motor-control 
relay coils are designed to operate sati~factorily 
at 80 per cent of their normal operating 
voltage. 
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Fi1. 16. Motor-control relay 

Se"icinc of Relay Contacts 
The contacts will become discolored from 

service. This is a natural process where silver-to­
silver contacts are used. This discoloration will 
do no harm, providing arcing does not continue 
after contact is made. Arcing in the presence 
of noxious gases or salt air will cause deposits 
to form on contact surfaces, which will eventually 
interfere with proper circuit closing. 

Care of Contacts 
To dean the contacts, use a relay-cleaning 

tool. This is usually a piece of spring-tool steel 
that has been sand-bl~ted or etched to form a 
very fine rough surface. After deaning with tool, 
brush contact with a clean, dry tooth brush. If 
a gummy deposit is present on the contacts, 
first brush with a cle:m tooth brush, moistened 
with carbon tetrachloride, let dry, then brush 
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with a clean, dry tooth brush before cleaning 
with the cleaning tool. 

In most cases the cleaning tool will remove the 
roughened surfaces, but if the contacts have 
become pitted, a fine ignition file may be used 
to clean up the pits, stroking the contacts in 
the direction of the "Wipe" and then finish off 
as above with cleaning tool and tooth brush. 

Adjustment of Contacts 

Continued arcing of contacts after contacts 
are closed may indicate dirty contacts, or im­
proper adjustment due to wear, causing in­
sufficient pressure to properly close the circuit. 

This may be readily ascertained by checking 
the "wipe," when closing the contacts by band. 
If a good "wipe" is indicated, then the contacts 
should be c-leaned as directed under CARE OF 

CONTACTS. If no noticeable wipe is observed, 
the contacts should be readjusted as follows: 

(Pin Gage in Clip on Back of Panel.) 
1. Insert a pin gage (¾ inch diameter) in 

armature gap (V) on left-hand side of core. 
Exert pressure directly against the center of 
the armature, not against contact assembly, to 
hold 'it firmly against the gage. Move the sta­
tionary contact (K) in its groove in the base 
until it just touches the movable contact (M), 
then retighten the holding screw (L) firmly. 

2. Release the armature and allow contacts 
(K) and (M) to fully engage. In this position 
of the movable contact and armature assembly, 
the flat-steel support that the movable contacts 
are welded to should just clear (must not 
exceed -h inch) the molded stop (U) in the base. 
If this does not clear the molded stop (U) and the 
contact adjustment checks, it will be necessary 
to loosen the holding screw (B), very slightly, 
and then drive the bracket of the contact 
assembly minutely toward the core to obtain 
the minimum gap required. 

3. Insert a pin gage ( h inch diameter) in the 
armature gap and exert pressure against arma­
ture, as in paragraph (1) to hold gage in place. 
Move the stationary motor-circuit contact (P), 
in its slot in the base, until it just touches the 
motor-circuit movable contact (S). Tighten 
holding screw (R) firmly. 
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4. Make adjustment on right-hand movable 
contact and armature assembly in same manner 
as for left-hand assembly. 

Tuta 
After the contacts have been adjusted, the 

motor-control relay should, if possible, be 
checked for minimum operating or pick-up 
voltage. The relay should operate at a minimum 
pick-up voltage of not more than 75 per cent 
of the normal voltage rating given on its name­
plate. If variable voltage is not available, and 
the adjustments outlined above have been made 
correctly, a reasonable assurance may be as­
sumed that the pick-up value should be nearly 
correct, if the relay operates quietly. 

Replacement of Contacts in Relay 
The wearing of the movable and stationary 

contacts should be uniform and in most cases, 
both the movable and stationary contacts 
should require replacement at the same time. 

The movable-contact assemblies consist of 
three flat springs and silver, steel-backed con­
tacts welded together. Fig. 17 shows the con­
tact assembly and the method of assembling 
the movable contact assembly to the armature. 

Before starting to assemble the contacts, the 
surfaces of the armature and magnet core should 
be thoroughly cleaned of all foreign matter 

llfCUS IN 
INSUI.ATOII 

AIIIIATUlll---- ..i 

- -- IIOVA81.l CONTACT 

----,1.U 8111Dll ll'IIIN. 
TO AISUIII.( 

Pis. 1 7. AaH1Dbl1 of mo•io1 coatact to acme• 
nare on motor-control relaJ 

This may be acc-omplished by using a clean 
tooth brush moistened in carbon tetrachloride, 
and when dry, brush again with a clean, dry 
tooth brush. 
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1. Remove the right- and left-hand movable 
contact and armature assemblies (A) from the 
relay base by removing holding screws (B). 
See Fig. 16. 

2. Remove the armatures from the movable­
contact unit by holding the contact unit at the 
center of the bridge spring, see Fig. 17, and 
pulling the armature straight out and away 
from the bridge spring. 

3. Assemble the armatures to the new con­
tact assembly with the slot at the bottom, 
see Fig. 16. Assemble the bottom end of the 
bridge spring into the recess in the bottom 
insulator on the armature and then flex the 
top end and assemble into the recess in the top 
insulator. Check over carefully to see that the 
end of the bridge spring sets squarely in the 
recess in the insulators. 

When this assembly is completed, the main 
spring of the contact assembly should just 
touch or just clear the bottom insulator and at 
the top, it should clear the top insulator by at 
least -h inch and not more than -h inch. 

If this clearance is not obtained, it will be 
necessary to remove enough stock from the high 
edge of the top insulator to obtain the minimum 
clearance. See Fig. 16. 

4. Assemble the movable contact and arma­
ture assemblies (A) into the grooves in the relay 
base with the holding screws (B) loose for adjust­
ment. Insert armature spacer in slot in arma­
tures. Hold the top of armature tight against 
the magnet core pole face by applying pressure 
against the center of the armature, and not 
against the contact assembly Make sure that 
armature spacer is seated squarely in the bottom 
of the slot, and the front edge of the armature 
is approximately parallel with the front surface 
of the core, determined by the matching of the 
motor contacts, then tighten firmly holding 
screw (B). Release pressure from armature 
and check to make sure that armature spacer is 
exerting pressure against armature and that 
there is a very small gap between bottom end of 
armature and bottom pole face of core. See 
Fig. 16. 

Adjust contacts as described under ADJUST­
MBNT OF CONTACTS. 

21 

Fia. 1 a. Coooec:tiooa of motor-coouol relay 

Coil Replacement 
To replace coils, remove armature and contact 

assemblies from the base, disconnect the coil 
leads and remove the two hex-head screws that 
hold the magnet core, armature spacer, and 
nameplate to the base. Remove the magnet core 
and the coils as a unit. Carefully note the 
position of the coil leads with respect to the core, 
before removing the coils from the core, so 
that the same arrangement of leads may be 
followed in assembling the new coils to the core. 
Place the new coils on the legs of the core and 
reassemble the magnet, coils, armature spacer, 
and nameplate to the relay base. In assembling 
this unit to the base, make sure that the coil 
leads do not interfere with the full operation 
of the armature interlock. Connect the coil 
leads to the terminals in the base in accordance 
with Fig. 18. Identify l~ds by their color. 
Reassemble armature and movable contact 
assemblies. Adjust contacts as described under 
REPLACEMENT OF CONTACTS and ADJUSTMENT 
OF CONTACTS. 

Miscellaneous 
The automatic-manual selector switch, the 

manual raise and lower push-button switches, 
and the output-voltage test terminals should 
not require any servicing. 

The control-supply switch is a single-pole, 
toggle-type switch with silver-to-silver contacts 
and an overload-heater-type trip. If the switch 
opens, due to overload, it is necessary to wait 
two minutes before reclosing to allow heater 
unit to cool. No maintenance should be neces­
sary. 

The control-supply fuses used between the 
control supply and the automatic controls are 
standard 15-ampere, Edison screw-base type. 

, 
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The capacitor motor is equipped with ball 
bearings which are packed with grease and 
require no servicing except after a long period 
of operation. If the bearings are to be repacked, 
it will be necessary to remove the end frames 
and repack with a good grade of medium grease. 
In removing and replacing the end frames, care 
should be used to see that the preload adjust­
ment is not disturbed. 

The capacitor and limit switch should require 
no servicing. 

ln1pection (Small ltva Sizes) 
To inspect the operating mechanism on the 

small kva sizes, set the regulator in the neutral, 
remove the fo.ur small screws in the comers of 
the cover and then lift the cover, with the motor 
and c-apacitor in place, off the worm support. 
The limit switch and control leads att assem­
bled to the underside of this cover. The gearing 
may now be inspocted. 

For further inspection, disassemble the regu­
lators as follows. 

Motor and Capacitor 
The motor is of the ball-bearing type, and 

the bearings are packed in grease when as­
sembled. No servicing should be required on 
either the motor or its capacitor. 

The bottom frame of the motor is rabbeted 
to fit into a machined hole in the cover. This 
hole is slightly larger than the fit on the motor 
end frame, to allow for adjusting the backlash 
between the motor worm and the Textolite gear. 
In reassembling the motor, adjust the backlash 
between the worm and worm gear to the mini­
mum. This can be accomplished by slightly 
turning the hand knob on the top of the motor 
in each direction and moving the motor toward 
the front of the regulator until only a small 
amount of backlash remains. Make sure that 
when the motor is finally bolted down the worm 
does not bind on the gear and, therefore, impede 
the free operation of the motor rotor. The motor 
is designed to operate the regulator at 80 per 
cent of normal rated voltage. 

Remove the four bolts holding the worm 
support to the top frame. Draw support toward 

back of the regulator to disengage worm from 
worm gear and then lift it off the aligning key 
in the top frame. 

Remove the worm gear, as shown in Fig. 19. 

--+-- If. •16 IOCIIIT IIU O 
HT ICIIIW 

Fi1, 19. Method used in rcmo,,101 worm 1ear, 
typical of small kn-size rc,uluora 

To remove the worm gear from the rotor 
shaft, loosen setscrew in side of hub. 

Use the two ¾-inch- 16 tapped holes in the; 
top of the hub to bolt a heavy steel bar with a 
threaded hole in center for forcing screw, Fig. 
19. Space the bar from the top of the hub to 
allow the placing of a steel disk on top of the 
rotor shaft, tor forcing screw to work on, so as not 
to damage center countersink and threads in 
rotor shaft. By tightening the forcing screw in 
the center of the bar, the worm gear will be 
drawn from the rotor shaft. Remove the worm 
gear key from the rotor shaft. 

Remove the cable clamp on the back of the 
regulator. 

Remove the two eyenuts and the two comer 
bolts and then lift the top frame off the stator. 

The rotor may now be removed and complete 
inspection made. 

Below the top bearing and above the bottcm 
bearing on the rotor shaft are assembled dust 
caps to keep the bearings clean. 

To keep the air gap in alignment, a fit is 
machined in the top and bottom frame and 
on the top and bottom flanges of the stator core. 

22 
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Fig. 20. Location of windings, typical of 

small lr:wa-size regulators 

The bottom frame may be removed by re­
moving the four bolts in the corners. 

The location of the windings is shown in 
Fig. 20. 

Reassembty of Regulator (Small kva sizes) 

To reassemble regulator, assemble the bottom 
frame to the stator core, making sure that the 
fits on the frame and core 1ine up con-ectly. 

--+------- '/t • -1• TllllfAD IN 

The bottom bearing cup in the bottom frame 
is adjustable for properly preloading the rotor 
bearings. This adjustment is made by a threaded 
plug in the center of the bottom frame. This 
adjustment should not be disturbed unless it is 
necessary to readjust the load on the bearing. 
This adjustment is covered under ADJUSTMENT 
OF ROTOR BEARINGS. 

Assemble the rotor into the stator. 
Assemble the top frame to the stator core, 

making sure that the fits.line up correctly. 
Assemble the worm gear on the rotor shaft 

to its approximate location . See Fig. 21. 

\ IIOTDII SNA,T 

Heat the worm gear in an oven, to approxi­
mately 100 C. Start the worm gear on the rotor 
shaft by lightly tapping with a rawhide mallet 
on the top face of hub of gear only. Use a forcing 
fixture, Fig. 21, assembled in the ½-inch- 13 
tapped hole in end of rotor shaft and force gear 
on shaft to approximate location. To locate 
correctly, set worm support on top frame and 
check mesh of worm with gear by coating 
threads of worm with Prussian blue. The worm 
gear must mesh accurately for the proper 
operation of the regulator. 

I 
I 

fi1. 21. Mechod used in uscmbling worm 1eu, 
typical of small kn-size regulators 
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Adjustment of Rotor Beariq-See Pie, 22 
The rotor bearings should be preloaded as 

follows : Wrap a strap around the face of the 
worm gear and with a spring balance attached 
to the end of the strap, adjust the plug in the 
bottom frame so that it will require J¾-pounds 
torque to start the rotor turning. After the 
preload is set, the threads on the adjusting plug 
should be prick-punched in two places, opposite 
each other. to lock in place. 

Adjustment of Worm Bearinca-See Pie, 23 
There are adjusting bushings at each end of 

the worm on the worm support. These bearings 
are adjusted for 3½-pounds preload at the 
factory. This adjustment should not be dis­
turbed unless the bearings have loosened up in 
service. If it is necessary to readjust these 
bearings, the procedure should be as follows. 

Wrap a strap around the worm threads and 
with a spring balance attached to the end of the 
strap take up on the adjusting collars until it 
requires 3½-pounds torque to start the worm 
turning. Tap each end of the worm, to seat the 
bearings, and then recheck the torque. After 
the adjustment is completed, tighten up the 
setscrews in the side of the casting, to lock the 
adjusting collars in place. 

Reassemble the worm support to the top 
frame, making sure that the worm meshes on a 
center line with the worm gear by adjusting the 
IO<'ation of the worm gear on the rotor shaft. 
Replace dowels in worm support and bolt into 
place. 

Assemble cover, with motor, capacitor and 
limit switch to worm support. Adjust the mesh 
between the worm on the motor shaft and the 
gear on the worm to the minimum backlash, 
and then bolt into place. 

Connec-t a source of 120 volts to leads "T2" 
and "H" and then to "T2" and "L" and operate 
the regulator to the limits to make sure that the 
limit switch operates properly, so as to stop 
the motor at the maximum raise and maximum 
lower positions. 

Inspection (Laree kn aiiea) 

To inspect the operating mechanism on the 

larger size regulators, remove the dust-tight 
casing from the top of the regulator. The 
mechanism may now be inspected. 

For further inspection, proceed as follows : 
Remove the control-supply transformer, the 

motor, and the capacitor. 

Motor 
The motor is of the ball-bearing type, and 

the bearings are packed in grease when as­
sembled. No servicing should be required on 
either the motor or capacitor. 

The motor is held in place on the worm sup­
port by three ¾-inch- 20 hex studs, the capacitor 
by two 8-32 hex studs. The bottom frame of the 
motor is rabbeted to fit into a machined hole 
in the worm support. This hole is slightly larger 
than the fit on the motor-end frame, to allow 
for adjusting the backlash between the motor 
worm and the Textolite gear. In reassembling 
the motor, adjust the backlash between the 
worm and worm gear to the minimum. This can 
be easily accomplished by turning the hand 
knob on the top of the motor slightly in each 
direction and moving the motor toward the 
front of the regulator until only a small amount 
of backlash remains. Make sure that when the 
motor is finally bolted down with the hex 
studs that the worm does not bind on the gear 
and, therefore, impede the free operation of the 
motor rotor. The motor is designed to operate 
the regulator at 80 per cent of normal rated 
voltage. 

Limit Switch-See Pie, 11 

The limit switch, assembled on the worm 
support, which limits the travel of the regulator 
rotor in each direction, due to its infrequent 
operation, requires no servicing, as the wiping 
action in "making" and "breaking" the circuit 
will keep the contact surfaces clean. These 
silver-to-silver contacts under ordinary condi­
tions should last the lifetime of the regulator. 

If, due to unusual operating conditions, raus­
ing the regulator to operate frequently to its 
limits, it may be necessary, after a long period 
of service, to remove the limit switch and smooth 
up the contacts. 
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Fi1. 22. Adjusrment of re1ulator rotor bear• 
in1s, typical of small kY&-size re,ulators 
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FiJ· 23. Method used to preaoaa worm Dear• 
1011, typical of small kY&•size nau)uora 
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The limit switch used on the Type AIRS 
regulator is a molded and welded assembly, 
and the contacts alone can not be replaced. 
It will be necessary to replace the complete 
switch, if the contacts become worn. 

To remove the limit switch, disconnect the 
c-ontrol wires from the capacitor and the ter­
minal board and remove the two holding-down 
screws that hold the switch to the worm sup­
port. The control wires are welded to the limit­
switch contact supports. If the contacts are 
rough, but not burned through the contact 
metal, smooth up and reassemble switch to 
worm support. If the contact metal is burned 
through, replace the limit switch with a new 
switch. 

Disassembly 
Disconnect the control wiring from the ter­

minal board and remove the angle-iron spreader 
with terminal board and lifting studs. Remove 
the screen. Remove the adjusting cam on the 
cover in back of the worm support. Take out the 
four holding-down bolts, for the worm support, 
from the underside of the cover, draw the 
support toward the edge of the cover to dis­
engage from the worm, and then lift off the 
aligning key. 

Removal of Worm Gear-See Fie, 24 
To remove the worm gear from the rotor 

shaft, loosen setscrew in side of hub. 
Use the two ½-inch-13 tapped holes in the 

top of the hub to bolt a heavy-steel bar with a 
1 inch- 8 threaded hole in center for forcing 
screw, Fig. 24. Space the bar from the top of the 
hub to allow the placing of a steel disk on top 
of the rotor shaft, for forcint screw to work on, 
so as not to damage center countersink and 
threads in the rotor shaft. By tiizhtening the 
1 inch- 8 threaded forcing screw in the center of 
the bar, the worm gear will be drawn from the 
rotor shaft. 

Remove the worm gear key from the rotor 
shaft. The cover may now be removed by remov­
ing the four bolts that hold it to the top of the 
stator frame. Care should be taken to protect 
the bearing cup that will remain in the cover. 

Ill f - IS IOLTI 

-------P>IIOUCTI ... 
SPACrll 

1• -11 IOOIILT MIAO 
HT IClllW 

Pia. 2-4. Mechod used co remoYe worm ,..,., 
typical of lar1e kn-1iu replacon 

The top roller bearing on the rotor shaft is 
adjustable by means of a threaded collar on the 
shaft below the bearing cone and unless a read­
justment is required, this should not be dis­
turbed. The threaded collar is locked in place 
with a setscrew. 

Remove the cable clamp on the back of the 
regulator. The rotor may now be removed by 
assembling the ¾-inch eyebolt, that is fur­
nished with the regulator, in the top of the 
shaft. In lifting the rotor from the stator, be 
sure that the hoist is directly over the center of 
the shaft and raise slowly, guiding the rotor 
so that the coils will not scrape on the stator 
core. Complete inspection of the regulator may 
now be made. 

The location of the windings are shown in 
Fig. 25. 

To reassemble the regulator, reverse the 
operations outlined above. 

Adjustment and Replacinc Roller Bearinc• on 
the Rotor-shaft Adjustment 
The bottom-roller bearing on the rotor shaft 

is not adjustable and is assembled on the shaft 
tight against the shoulder. 

The top bearing is adjustable. This is accom­
plished with an adjustable threaded collar on 
the shaft below the bearing. The collar is thread­
ed sixteen threads per inch, and one complete 

26 
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Inductum-voltagc Regulator, Type AIRS GEH-1085B 

turn of the collar will raise or lower its position 
on the shaft 0.0625 inch. The collar is provided 
with ten -h inch diameter holes, -h inch deep 
equally spac-ed around the outside, for using a 
spanner wrench or bar to raise or lower its 
position. The distance between holes represents 
a change in location on the shaft either up or 

COIi. TC "II If .. , --------~ 

Cl.OHO c,acu,r----+----~~....::,,.-.:::--''f--,.__ --

shaft is 0.005 inch above a normal level to 
allow preloading of the bearing for proper 
operation of the regulator. 

To check the location of the bearing, the rotor 
should be in position in the stator, and the 
stator top plate should then be assembled in 
position, without bolting down. The top plate 

IIOTOII •-

...... -

MOGl 

Cll.L ~ATIOII 

Fia. 2~. Location o( wiacliasa. typical o( larse 
kn-aiae reguluors 

down of 0.00625 inch. In addition to these 
holes, there is i.so a ¾-inch-16 socket-head 
setscrew for locking the threaded collar in 
position, to hold the bearing location on the 
rotor shaft. 

The bearing fit on the rotor shaft may be 
line-to-line or a maximum of 0.001 inch tight. 

The correct location of the bearing on the 

should be tapped lightly near the bearing race, 
to make sure that the cone is seated in the cup, 
and then the space between the top plate and 
the top of the stator measured with feeler 
gages at each of the four comers. If this space 
is 0.005 inch, the top plate should be bolted 
down. After bolting down, tap the top plate 
lightly near the bearing, and then release the 

'¥1 
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four corner bolts and check the spacing on each 
corner to see that it is correct, before proceedinc 
with the auembly. 

If the bearing is too low, it should be foroed 
up with the adjusting collar until the 0.005 inch 
clearance between the stator top plate and the 
stator is obtained. If the bearing is too high, tHe 
adjusting collar should be lowered on the shaft 
the proper amount and then the bearing driven 
down to the collar with a brasa tube having a 
¼-inch wall and aligbUy larger in diameter 
than the rotor shaft. Care must be used to make 
sure that the tube rests on the solid portion of 
the bearing, near the shaft and not on the rollen 
or roller supports. 

Replacement of Beula& 
The roller bearings uled in induction-voltage 

regulaton are manufactured to special toler­
ances. 

It is ~mended that when new bearings 
are required that they be ordered from the 
General Electric Company, where a stock of 
these special bearings is maintained. 

The old bearings should be carefully removed 
from the rotor ahaf t 10 aa not to ICOre the bearing 
surface of the abaft. 

To expand the new bearings slightly in order 
to make easier the assembly on the shaft, heat 
the new bearing to a temperature of between 
60 C and 60 Con a hot plate. 

The bottom bearing shoald be forced tight 
against the shoulder on the shaft. 

The top bearing should be located on shaft 
and adjusted aa is covered under ADJUSTJUNT. 

Reaaaembllnc Worm Gear Sepaeot on Rotor 
Shaft-See Fie, 26 
Heat the worm gear in an oven, to approxi­

mately 100 C. Start the worm gear on the rotor 
shaft by lightly tapping with a rawhide mallet 
on the top face of hub of gear only. Use a forcinc 
fixture, Pig. 26, assembled in the ¾-inch- 11 
tapped hole in end of rotor shaft and force gear 
on abaft to approximate location. To locate 
correctly, set worm support on top stator plate 
and check mesh of worm with gear by coating 
threads of worm with Prussian blue. The worm 

gear must mesh accurately for the proper opera­
tion of the regulaton. After proper mesh ia 
obtained, the aligning key should be put into 
keyway in stator top plate and then the worm 
support should be bolted into place. 

\ 
I 

I 
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Pia, 16. Necbocl \lied co ..-ble worm...,., 
rypical of wae m-aiae repla&or, 

Inspection of Worm Support 
If it is necessary to inspect the roller bearings 

in the worm support, proceed as follows : 
Remove Textolite gear from shaft. Loosen 

locking setscrew for adjusting nut in the front 
surface on the opposite end of worm support 
and remove adjusting nut. Tap gently with 
rawhide mallet on gear end of shaft to remove 
worm from housing. 

Re&Slemble in reverse manner and after 
adjusting nuts are tightened, tap each end of 
shaft to seat bearing races and then tighten 
adjusting nuts. The bearings should be pre­
loaded, Pig. 27, as follows 

Wrap a strap around the Textolite gear and 
use a spring balance to measure the torque, 
tighten the bearing-adjusting nut until the 
torque, to tum the worm shaft, is not less than 
two and one half pounds nor more than three 
pounds. Tap end of shaft with rawhide mallet 
to insure thorough seating of bearings and check 
torque. When properly adjusted, lock the ad­
justing nut with the setscrew in the worn, block. 
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Assemble the motor on the worm support. 
Adjust the motor worm with Textolite gear for 
minimum backlash without the worm binding 
on the gear. 

The mesh between the main worm and worm 
gear segment should be adjusted for correct 
operation as follows: Connect motor leads to 
capacitor. Apply a variable source of ungrounded 
60-cycle, 70 to 120-volt power, approximately 
five amperes capacity, to control leads "G" 
and "L," for operating regulator rotor counter­
clockwise or raise, or "G" and "H" for clock­
wise or lower direction, with a switch in lead 
"G" for controlling the motor. 

Adjust the mesh, by notching the regulator 
rotor in both directions over its entire range 
from extreme raise to extreme lower positions 
10 that the pick-up of the motor will be approxi­
mately 75 volts. The correct mesh to be obtained 
by tapping lightly with a copper or brass bar 
at the base of the worm housing dittetly above 
the aligning keyway in the stator top plate. 
After the proper mesh is obtained, assemble the 
adjusting cam tight against the worm housing 
and bolt securely in place The four hex bolts 
that bold the worm support to the top plate 

should then be loosened ana retightened con­
secutively to relieve the strains caused when 
making adjustments. Recheck motor pick-up 
voltage to make sure that the adjustment is 
correct. 

Set the regulator in the neutral position. 
Reassemble the dust-tight casing and the control 
panel. Check the rotation of the regulator from 
the push-button stations on the panel. Also 
check the limits of travel so as to be sure the 
limit switch is operating correctly. Set the 
regulator in the neutral position and then con­
nect into the line. 

Tuta 
Both designs of the Type AIRS regulators are 

tested at the factory for four-kv ground test be­
tween windings and ground. The control is 
tested at one kv to ground. 

Control Teats (Small kn alzea) 
Motor-Bee Fie. 1 
Disconnect "L"-"H" and "T2" from control 

panel. Apply 120 volts, 60 cycles between "L" 
and "T2" or "H" and "T2," with an ammeter in 
one of the lines. The ammeter should read 
approximately 0.95 amperes. 

.... ~-HAit OIi 1110 
o, WOlt■ 

Fi1. 27. Method used to preload worm bear­
in1s. typical of lar1e Ina-size MIUl.aiora 
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Motor Capacitor 

Disconnect motor leads "Tl" and "T3" from 
capacitor and apply 120 volts, 60 cycles across 
the capacitor with an ammeter in one line. The 
ammeter should read approximately 0 .55 am­
peres. Discharge capacitor. 

Control Tests (Laree kn mea) 
Motor -see Fig. 2 

Disconnect leads "L"- "H" between ter­
minal board on regulator and control panel. 
Apply 120 volts, 60 cycles to "Tl" and ground 
or "T3" and ground with an ammeter in one 
of the lines. The ammeter should read approxi­
mately 1.25 amperes. 

Motor Capacitor 

Disconnect all of the leads from the capacitor. 
Apply 120 volts, 60 cycles across the capacitor 
terminals with an ammeter in one line. The 
ammeter should read approximately 0 .7 am­
peres. Discharge the capacitor before reconnect­
ing. 

Control (All kn lizn) 
Motor Control Relay-S.. Pie- 18 

Disconnect all external connections from the 
back of the relay base. 

Because the current required by the coils of 
the motor-control relay is only approximately 
25 milliamperes at 120 volts, 60 cycles, it is 
recommended that the resistance of the windings 
be used in testing these coils. 

The resistance of the main winding, measured 
between terminals "J" and "2" for one coil 
and "P" and "l" for the other coil, is approxi­
mately 645 ohms at 25 C. The auxiliary wind­
ings, or the windings used for energizing the 
holdint coils of the contact-makini voltmeter 

should be measured between terminals "8" and 
"S" for one coil and "7" and "V" for the other 
coil. This value should be approximately 70 
ohms. 

Type TSB-20 Contacr-m11dn1 Voltmeter-See 
P'Jc. 1 and 2 

Disconnect all external connections from the 
terminal studs on the back of the meter. 

The current required by the main solenoid 
coil and the holding coils is so small, it is recom­
mended that the coils be tested by resistance 
measurement. The main solenoid coil resistance 
should be measured between stud "4" and "5." 
This value should be approximately ten ohms 
at 25 C. The holding or compensating ct'>ils 
should be measured between studs "7" and "V" 
for the upper coil and "8" and "V" for the lower 
coil. The value for each coil should be approxi• 
mately 72 ohms. 

Repairs 

One of the significant features of the General 
.Electric Company's extensive program is the 
widespread establishment of service shops. The 
Purchaser is urged to avail himself of this serv­
ice. By doing so, he obtains the workmanship 
and materials best suited to the repair of General 
Electric apparatus. 

Renewal Parts 

When ordering renewal parts, write to the 
nearest sales office of the General Electric 
Company, stating the quantity desired and the 
complete nameplate rating including the serial 
number. If any uncertainty exists in choosing a 
method of identifying the desired part, make a 
sketch of the part, and give its location relative 
to surrounding parts. 
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WHEN SERVICE IS REQUIRED 

GENERAL ELECTRIC operates 23 apparatus service shops strategically located and 
competently manned by trained persomel. Each shop is a complete service unit 

with modem equipment for repairing, reconditioning, and rebuilding G-E apparatus to 
factory specifkations. The services of these shops are available at any time of day or 
night for work in the shops or on purchaser's premises. 

-IIICf 91M 
Mlaftto, Go. 
luffolo 11, H. Y. 
Otorteston 28, w. v •. 
Chlcoeo 7, II. 
Clndmotl 2, Ohio 
ete...iond •• Ohio 
DoN01 2, Toaos 
Dotfolt 2, Mich. 
Houltoft 1, Toaos 
ICOMOI City 8, Mo. 
Loa Angolos 5 .. , Calif. 
Mlwouk- 3, W is. 
MlnMopolll 1, Minn. 
How Yorti 1", H. Y. 
Phlodolphlo 23, Po. 
Plthburgh 6, Po. 
St. l.ovls 1, Mo. 
Solt loko City 9 , Utah 
$oft Dloec, 1, Collf. 
S- frOftCIKo 7, Collf. 
Sootllo • • Worltt. 
W01t l)'NI 3, Mosa. 
Y_ ... OOjft 3, Ohio 

GENERAL ELECTRIC APPARATUS SERVICE SHOPS 
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8'9 Sovlh Olnton St. 
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.. 966 Woodland A­
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1312 U-.. Ook Stroer 
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940 W . St. Poul A¥0. 
•10 Tillfd A¥O., H. 
.. 16 w .. t 13th Str_, 
•29 H. So ........ St. 
6519 p..., A,,._ 
11'0 OolMor A• -
1'I South Tillfd W01t St. 
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361 lryont ~-
1508 ""' Avo., South 
920 W01torn A,,_ 
121 lost loordmon St. 

°""'"°"' WAlnut-9667 
HU-58"9 
2 -6177 
Woborltt-5611 
Porlcwoy•3•33 
EN-••6• 
1-9121 
Tllnlty-2-2600 
C-9711 
~-97•5 
Mod5--7381 
Morq110tto-5000 
Moln-25 •1 
W lclconhoM-2•1311 
POMypodtor-9000 
Atlontic•6•00 
O-tnut-1 505 
· -1892 
fronklln•76H 
00-3740 
Ellott-1771 
ly-3 -6000 
v-e•to-_..031 

APPAIATIS IEPAIT■EIT 

GENERAL.ELECTRIC 
ICIUECTAIY, I . I . 

MOHT l'HOHI 
W Alnut-7859 
11-7579 
3 -12 .... 
Woborltt-565' 
Port.woy-3"33 
EN•••6-' 
l -•111 
Tllnlty-2-2 606 
C-9714 
WAbosh-3150 
Modi-.-1113 
Morquotto-5002 
Moln-25 46 
Otohoo•2·8390 
Ponnypodtor•H-'8 
Atlontic•6"01 
O-tnut-3 I 99 
6 ........ 
Glonco• o-5-367 5 
00-37 0 
CA-3 679 
l y-3-6001 
v-,•-·••331 

..-.: .. ...... 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

PROTE[TIDli AliAIDST 
[AIRIER FAILURE 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

PROTE[Tllli lliAIDST 
[AIRIER FAILURE 

A REPRINT FROM 

Ellt-95 

I SSUE OF NOVEMBER 1946 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

PROTECTING AGAINST 

WHEN LIGHTNING STRIKES 
ht tlls photo,ra.... of l'9ht11l"9 s t rlltlnt tho l•plro Suto l11lldittt, tfto c..,t,al plct11re was fwao4 
by a fiHd le111 wt.lie the s11,rour.d i119 clrcla wero <allMd by • rotatlllf Ions wh,ch can N hoffl04 
at eltftor ½, I or 1 rps. In thlo photo tho 1..,s 111ado sl'9htly ovor I roYol11tlo11. Tho eYertap 
can llo soon at low.,. rl9ht. This was • 11111ftlple stroke •-•i•ti"I ot an Initial lont co11tl1111lnt 
dlsch.,.e b11lldi"t 11p slowly •nd •-t•lnlnt a large 1111111bor of c11rte11t peaks l brltht stroalts >, 
..,4 a short.,. co11ti1111011s dlocha,ve botlttnlnt with • stoop c11rrot1t rlso 

• Most broadcast station engineers 
take considerable pride in the effi­
ciency ot their methods ot operation 
and are on the alert tor means ot 
improvement. One measure ot ef­
fectiveness, apparent both to the 
llstening public and to the station 
accountant, 1s the amount ot lost 
program time. Some failures on 
the air due to unpredictable break­
down of components are reasonably 
unavoidable-but a large percent­
age ot potential failures can be 
m1nlm1zed or eUminated by use of 
protective circuits and by systema­
tic scheduling of maintenance. 

One of the main sources of trouble 

1s lightning which can cause not 
only carrier interruptions but de­
struction of equipment. Rlslng sev­
eral hundred feet into the air, the 
modern vertical radiator makes an 
effective lightning rod and can be 
expected to receive several direct 
hits and numerous induced surges 
during the season. 

Ot first consJderatlon, in the case 
of a serJes fed tower, 1s the base in­
sulator which must be protected by 
a spark gap. Protective gaps to 
grolhld usually are supplied with 
the lnstallatlon, and the only pre­
caution is to see that they are set 
close enough to protect the lnsuia-

By H. G. TOWLSON 
Transmitter Division, 
Elecironks 0.pt., 
General EIK!'ic Co., Syracuse, N. Y. 

Praetleal methods of b 1s11r­
iq •g•i .. t heterruptio•• 
••d loH of f,roade .. t tl•e 
due to Hglatalng and other 
causes 

tor. One method of adjusting the 
gap 1s to decrease Jt to the point 
where It Just flashes with heavy 
modulation and then to double the 
spacing tor nbrmal operation. The 
gap electrodes should be cleaned 
and polished occasionally, espe­
cially after storms, so the break­
down setting wlll not change. 

Static Drain Clt•k~1r 

It ls Important that there be a 
conduction path from the tower to 
ground and from en open wire 
transmission line to ground. Other­
wise, successive surges can charge 
the system to increasingly higher 
voltage which eventually must flash 
to ground. Friction caused by wind, 
sand or snow storms-even smoke 
from a passing train-e~m cause 
flashovers in a completely insulated 
sys~m. Fig. 2 shows a commonly 
used c!rcult which has a floating 
tower and transmission line. Fig. 3 
ls a transmission line termination 
user!. ln directive systems when a 
leading phase angle ls desired. With 
base insulated towers, no conduc­
tion path to ground exists and must 
therefore be provided . 

It is entirely satisfactory It this 
path can be found back through the 
transmitter output circuit-as In 
the case ot an inductively coupled 
set-or It the usual tower lighting 
choke acts as a drain, by connect­
ing one side ot the light circuit to 
the tower and grounding one side 
ot the lighting transformer sec­
ondary. Otherwise, a copper path 
must be provided by connecting an 
rt drain choke across the system 
to ground. 

The design of such a choke ts not 
crltlcal as the normal operating 
voltage is not great, and the choke 
Impedance can be made so high 
that the normal current through it 
will be small. The drain choke can 
be made of approx. No. 20 dee wire 

I 
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® 
Fl9. 2-Commoft terml1tatlo1t which permits 
tower to float, a1td req11lr .. a static d,.I,. choke 

closely wound on a non-hygroscopic 
form (the first 10 turns should be 
triple spaced to reduce possibility 
of breakdown during surges) . It is 

. preferable to make the choke rather 
long and slender to keep the rf 
voltage per turn low and to keep 
the distributed capacity down. 

For minimum detuning of the 
circuit which it shunts, the choke 
should be approximately anti-res­
onant at the operating frequency 
of the transmitter. The resonant 
frequency of a choke can be esti­
mated by calculating its inductance 
from the usual formula or charts, 
and its distributed capacity from 
the approximate empirical equa­
tion: 

C = l.8D 
Where C = distributed capacity 

in micro-microfarads 
D = diameter of the coil 

in inches 
The resonant frequency then, 

F = 106/ 2.- V' LC 
Where F = frequency in kc 

L = inductance in micro­
henries 

To protect the line terminating 

ANTENNA 
( [IIMINATION 

@ 
Fig. 3-A1tother termi1tation clrc11it which ,.. 
q11ires 111e of static dral1t 

equipment, it is advisable to con­
nect a horn-gap from the antenna 
feeder to ground at the point where 
the feeder enters the tuning house. 

IIRASS 
SUPPORT-

-I NSULATING 
POST 

Fig. 5-Horn gap constr11ctlon that hu been 
111cc .. sfully 11sed 

To increase the etfectiveness of the 
gap it is customary to insert a small 
choke coil in the feeder on the 
transmitter side of the gap. This 
choke can consist of 2 turns wound 
to 4 in. diameter; No. 4 wire or 
3/16 in. tubing makes a rigid self­
supportin~ coL. Fig. 4 shows the 
connection suggested. 

Note that the gap and coil are 
recommended for grounded tower 

SURGE 
C>IOKE 
I 

I
HOIIN GAP 

Hf:AYY STR..- Olll(C,T 

: 10 GAOUNO SYSTEM 

Fig. 4-Arrangement of horn gap and choke 
coll for protecting agal1trt lightning Slff9el 

installatic,ns as well as for in­
sulated, as the section of tower be­
low the feeder tap of a grounded 
tower presents considerable im­
pedance to the lightning surge. 
Hom-gaps are here specified rather 
than the commonly used sphere 
gaps. When a horn-gap flashes, al­
though the transmitter tries to 
maintain the arc it is automatically 
cleared due to the inherent design 
of the horn gap whereas the 
sphere gap (especially if the balls 
are mounted in a vertical line as is 
sometimes done) has much less 
tendency to clear, and unless other 
methods are employed to extinguish 
the arc it may continue until severe 
damage bas been done. 

Fig. 5 shows the arrangement of 
a successful horn-gap based on one 
described by J . E. Young in Nov. 
1937 Broadcast News. 

As additjonal protection to con­
centric transmission lines, which 
are especially vulnerable to dlstruc­
tlon from lightning surges, it is ad­
visable to use another horn-gap 
and choke at the tuning house end 
of the transmission line. With an 
open wire transmission line it is 
advisable to use an additional choke 

Fig. 6--Clrc11it using the conduction method of clearing arcs, as applied 
to low level mod11l•ted tran,mltter 

Fig . 7--Conductlon method of clearing arc u •pplied to high level 
tr•nsmitter 
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Sa 

- ANT. 
DIODE RECT. 

K1, Main rect. ltart co,,ta--..<2, Main rect. 
Nn co,,tactor ~. TC, to relay, 1 MC. tl•l1111 
--IC., Trip relay au1t.-lC5, Diode circuit trip 
relar---«a, SuPff\'ltory ..iay-411, Drop-out ad· 
llllti1111 ,...._,_.2, Meter llllffrity Ntlstot-­
S1, Plate on-off awltcft--5:?, Su.,.r,,ltory light 
reNt 

Flt. 11--Clrcult Hluatratln1 carrl« drop method 
of cleari119 area 

and horn-gap at the point where 
the transmission line enters the 
transmitter building. This gives 
protection from voltages induced 
into the open wire line. 

C•rrier tripping drctdt• 

The tendency for a transmitter to 
maintain an arc once a gap has 
broken down can be largely coun­
teracted by use of the self-clearing 
horn-gap. At stations where light­
ning trouble is infrequent, this pro­
tection is often sufficient. But most 
stations find the horn-gap oc-

flt, 9--Canl« drop method with excitation cut-off 

ANT. DIODE REGT. 

-
HIGH A 

r--
I 
I 
I 
I 1 ___ -+ 
I 
L------~ 

-

® 

casionally is slow in breaking the 
arc, depending on weather condi­
tions, wind direction, etc. Besides 
increasing the time otr-the-air, this 
condition can result 1n momentarily 
high voltages at other points a! the 
system. 

With a concentric transmission 
line the standing waves set up in 
the line due to loss of proper termi­
nation could break down the in­
sulating beads. It is, therefore, 
highly desirable to have a method 
of cutting the carrier to permit the 
arc to be extinguished quickly and 
positively. There are numerous 
ways of accomplishing this, and 
they fall roughly into three cate­
gories; 
1 Use of a phototube actuated by 

the arc flash. This method is 
not recommended as it protects 
at only one point of the system. 

2 Conduction method-Use of the 
arc itself as a conducting path 
for current through .a tripping 
relay. 

3 Carrier drop method-depending 
on a drop in antenna current 
to actuate a tripping relay. 

Conduetlon ,nethod 
of lightning trip 

This scheme, probably the sim­
plest of the three methods has 
proved very successful at station 
WOY. This particular transmitter 
is low-level modulated with two 
class B linear amplifiers. Fig. 6 
shows the circuit used. A low re­
actance capacitor, C1, was inserted 
in the ground side of the coupling 
coll, and the trip relay, K1, was 
connected through a small choke, 
L1, to the 33 v. de filament bus as 
shown. If an arc to ground occurs 
anywhere along the transmission 
line, terminating equipment or an­
tenna, current flows through K1. 
Whe.n K1 closes, the r! output of the 
crystal unit is shorted through a 
blocking capacitor, dropping the 
transmitter output to a very low 
level and allowing the arc to ex-

tinguish-whereupon K1 opens and 
the carrier returns to normal. It 
Is of course necessary that all trans­
mitter stages following the trip re­
lay be biased to near cut-otr. K2 is 
a supervisory relay which seals in 
whenever K1 operates, to show the 
reason for the interruption by 
means of an indicating light. In 
operation the circuit is so fast that 
the interruption is scarcely notice­
able on the air. 

High lee,el modulation 

With high-level modulated trans­
mitters using Class B Audio, which 
are now so popular, It would not be 
advisable to short the rt excitation 
as is done with the low-level modu­
lated transmitter, since high volt­
age surges in the modulation trans­
former and its associated reactor 
might result. One suggested cir­
cuit employs a trip relay to apply 
high negative bias to a control or 
screen grid through a resistor-ca­
pacitor network of about 0.1 second 
time constant. 

Flg. 7 shows the circuit as applied 
to a high-level transmitter (Gen­
eral Electric Type BT-25A) . Note 
that an additional contact on K1 
shorts the incoming audio line (in 
the BT-25A a 15 db pad ls inserted) 
to further protect the modulation 
transformer. With high-level trans­
mitters located where lightning 
surges are not frequent, it may be 
simpler to let the trip relay merely 
open the holding circuit of the 
main rectifier plate contactor. How­
ever, the resulting carrier inter­
ruption will be more noticeable. 

Note that with this conduction 
method no drain choke should be 
connected across the system, but 
a drain path is provided through 
the protective apparatus. 

Anotber approach to the problem 
Is indicated by Fig. 8, this method 
being directly applicable to either 
high or low level modulated trans­
mitters. It acts to remove plate 

Flt, 10--Modlfled carrier drop circuit apt>lled to low lnel 111odul.lted tran,111INer 
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voltage and so causes a more notice­
able interruption than does t~e ex­
citation removal method. K1 ls the 
usual main rectitler start contactor 
whose coll ls in series With over­
load relays, interlock circuits, etc. 
K2 ls the run contactor controlled 
by a one second time delay closing 
contact on K1. Shunted across K2 
is a relay K:i which can be of the 
bellows type to give approximately 

-CONTROL VOLTAGE -

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

_J 

+ 

I L ______________ J 

Kt, Main rect. st•rt cont1ctor-l<2, Main rect. 
run contactor-Ks, Reclosure r•lay-R1, Cha'fl­
ing resistor 1.S megohMs--51, Main rect. on 
button--$-~, Main rect. off butto--CR1, Cop­
per oxide rect.-OL, Overload relays 

Fig. 1 I-Automatic redosure circuit gl¥1ng 
one reclosure .,_fore lockout 

one second time delay in both open­
ing and closing a normally open 
contact. This contact of K:i ls in 
series with a normally closed con­
tact of Ka, a relay whose coll ls in 
the de path of a diode rectifier 
coupled to the antenna circuit (this 
diode ls usually the remote an­
tenna meter rectifter) . K., has a 
normally closed contact in series 
with the coll of Kt. 

On starting up, K11 ls not yet 
energized; K1 ls closed by the nor­
mal start swltch and after one sec­
ond the circuit to K2 closes which 
permits the carrier to come up to 
full power. K:i starts to operate, 
but during the one second required 
for it to close, K5 has picked up so 
that Kt ls not energized. Now if a 
sufficient carrier drop occurs due 
to an antenna arc or for any other 
reason, K 5 drops out allowlng 14 
to pull in and open the circuit to 
K1 removing plate voltage and al­
lowing the arc to extinguish. After 
one second K3 opens, permitting 
power to be restored, and recycling 
the device. 

Purpose of Rt ls to permit a fine 
adjustment of the carrier level at 

which it ls desired to have the cir­
cuit operate. If desired, Kt can be 
tied in With a reclosure circuit so 
as to recycle only a definite num-

--CONTR O L VOLTAGE --

S1 OL 

'T 
I 
I TC 

r----- TI -~ 
t(4 I CCCQ 

I I 
I 

t( I 
,---~ 

~ I 

NOT'CH 
I ...L 

RESET 

tea 
Kt, Main rect. start contactor--K2, Main rect. 
run contactor--K3, Notching relay-Kt, Auxll­
lary to K:r-K.~, Reset t lMlng relay, 10 secs.­
S1, On-off swltch-OL, Overload relays-CCCO, 
SN tut--OCCO, S.. text 

Fig. 12-Multl-shot type of automatic reclosure 
circuit 

CONTROL VOLTAGE - - ~ 

K1, FIi. time delay relay-K2, ly-paH relay­
Ks, Auxlllary relay-~, Plate contactor--S1, 
Emergency start button 

Fig. U-Clrcult ,-rmlttlng lmMedlate restor­
ing of power followl"9 momentary voltage drop 

ber of times in the event of equip­
ment breakdown. 
If it ls desired to use the carrier 

drop method With excitation cut­
off, a circuit such as in Fig. 9 can 
be used. K1 ls the antenna diode 
rectitler relay. R1 plus ~ constitute 
the regular grid leak. When K! 
picks up on normal operation, one 
of 1ts contacts permits C1 to charge 
from a point of several hundred 
volts negative potential. If an an­
tenna arc occurs, K1 falls out per­
mitting C1 to discharge through Ra, 
and apply a high momentary bias 
on the grid of the buffer tube-

this drops the output to near zero 
and extinguishes the antenna arc. 
As soon as C1 has lost sufficient 
charge, the rf output comes up and 
Kl pulls in permitting C1 to again 
charge up in readiness for further 
trouble. R3 and C2 permit shaping 
of the voltage pulse applied to the 
buffer grid, as discussed previously, 
and again a contact on K1 shorts 
the audio input during periods of 
no excitation. All rf stages follow­
ing the buffer are biased to ·near 
cut-off. 

Carrier drop 111etlaod 

There are several modifications of 
the carrier drop method which in­
volve balancing the rf voltages at 
two points. One of these ls dia­
grammed in Fig. 10. K1 ls a relay 
With two windings excited from 
diodes coupled as shown. Under 
normal conditions the two diode 
currents are equal and the ditleren­
tlal relay remains open. However, 
if anything occurs to upset th(l 
linear relation existing between rf 
voltages at the two points shown, 
Kc wlll operate .to short the excita­
tion and break the arc, whereupon 
K1 opens and the carrier comes up 
to normal. If this circuit is applied 
to a transmitter whose final stage 
is modulated, one diode could couple 
to the PA plate tank and the 
other to the antenna matching 
equipment. 

Another source of outages ls from 
overloads due to 'gas-kicks' in the 
large tubes and 'arc-backs' in mer­
cury vapor rectlfters. These are 

ANT. LEAD 

READ 

SWITCH 

(OPERATED BY 
POLE OR CORD) / . 

ANT. AMMETER 

TERMINATION 

I 
Fig. 1°4-Clrcult for p,otectlnt antenna a111-
mete, fr- burnout when not In -

often of but momentary conse­
quence and the tubes tend to clean 
themselves by driving the gas mole­
cules .back into the anode. However, 
the tripping of the overcurrent, re­
lays removes the plate voltage, and 
it is desirable to get back on the 
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air with a m1n1mum of lost time. 
But the system used must be such 
that 1f further overloads continue 
at a rate endangering the equip­
ment, the power must be held off. 
Two of the more popular of such 
'reclosure circuits' w1ll be described. 

Fig. 11 shows a 'one-shot' type 
circuit which 1s used on the Gen­
eral Electric 0-lOOA 100 kw Interna­
tional broadcast transmitter. In 
this circuit, K1 and K2 are the 
main rectlfler start and run con­
tactors, while Ka is the reclosure 
relay operating on de from the 
copper oxide or selenium rectlfler 
CR1, As shown, with K2 not ener­
gized, C1 ls prevented from charg­
ing to appreciable voltage because 
of the shunt across it presented by 
the 'a' coll of reclosure relay Ks. 
After K1 has been energized for 
about 10 seconds, C1 has become 
charged to a voltage sufficient to 
close Ka. 

Now, it an overload occurs, K1 
and K2 w1ll fall out permitting the 
two contacts In the coll circuits of 
Ka to close. C1 discharges into the 
'a' coil of K:i momentarily closing 
it and permitting the 'b' coll to seal 
itself in. An auxiliary contact on 
Ka shorts across the rectifier 'On' 
button restoring the transmitter to 
operation. This permits C1 to again 
start charging and after 10 seconds 
to be ready for another reclosure. 
However, if another outage should 
occur In less than 10 seconds, the 
reclosure relay will not operate and 
it will be necessary to push the 'On' 
button to restore power. Note that 
the 'Off' button has an auxlliary 
contact which discharges C1 to pre­
vent an undesired reclosure follow­
ing a normal shutdown. Varying 
the resistance of R1 will determine 
the charging rate of C1 and permit 
changing the timing as desired. 

Multl-•hot reclenre 

Fig. 12 illustrates a circuit used 
In the General Electric Type BT-
25A 50 kw Standard Broadcast 
Transmitter whJch permits two re-

closures before locking out. Ks, the 
reclosure relay, 1s of the notching 
type with an electrical reset coll. 
This relay has two separate circuits, 
one of which has the sequence on 
notching of "closed-closed-closed 
·--open", while the other has "open 
--elosed--elosed--open" for reset 
timing. 

If an overload relay o~rates, the 
normally open contacts energize Ks 
permitting it to advance to its sec­
ond position (also closed). A sec­
ond overload will advance Ka to its 
third closed position, but a third 
overload will lock it out on the 
fourth position (Open>. The pur­
pose of the tlming relay K 11 is to 
reset Ks automatically after 10 sec­
onds providing the fourth (lock­
out) position has not been reached, 
so that overloads over a long period 
can not 'add up' on the reclosure 
relay. A reset pushbutton ls pro­
vided which permits resetting Ka to 
position 1 at any time. 

Une t,0ltage protectlott 

Most modern transmitters use 
mercury vapor rectlfter tubes. As 
these require a filament pre-heat 
time of about one minute before 
application of plate voltage, it is 
usual to Include a time delay relay 
to hold off plate voltage until this 
time has elapsed. However, it a 
momentary line voltage dip occurs 
of magnitude to drop out the time 
delay relay tt would be necessary 
In the absence of other circuits to 
wait until the relay again times out 
-even though the tubes did not 
cool enough to require the addi­
tional heat time. Fig. 13 shows a 
circuit which protects against this. 
K1 ls the regular filament time de­
lay relay-after 1 minute it closes 
permitting K2 to close-Ks also 
closes completing the circuit for 
the plate contactor ~- Now 1! a 
power failure occurs, K1 drops out 
at once b'llt K2 requires 2 seconds to 
fall out. If the power 1s restored 
before K2 has dropped out, K:i is 
picked up at once and plate power 

can be applied. If more than 2 
seconds have elapsed before power 
is restored, K2 will also have fallen 
out and it will be necessary to 
either wait 1 minute for K 1 to again 
time out or to push the Emergency 
Start Button. Caution should be 
used In use of this button as In­
sufficient tlming could injure the 
rectlfler tubes. A good rule is to 
wait approxlmately one and one­
half times the length of time that 
the filament power was off Cup to 
1 minute) before using the Emer­
gency Start Button. 

Antenna meter protection 

Another piece of equipment vul­
nerable to lightning damage ts the 
antenna ammeter. This 1s usually 
a thermocouple instrument located 
In the antenna lead above the 
terminating equipment. Due to the 
low resistance of the thermocouple 
it is not feasible to short it out. 
Removing it from ihe circuit 1s 
mOl'e satisfactory. A relay or a 
switch can be used for this purpose. 
Although it is desirable to use a 
make-before-break type, this is not 
absolutely necessary as the rf arc 
will carry over until the circuit is 
closed. Fig. 14 shows a simple cir­
cuit which has operated well for 
this purpose. 

If a remote meter is used to give 
indication of antenna current, it 
usually will be found that the cur­
rent transformer and thermocouple 
often used for this are subject to 
frequent burn-out. A diode rectlfler 
coupled to antenna circuit will be 
found more trouble free and 
cheaper to replace. 

That such measures have been 
successfully ut11ized is attested by 
the fact that some stations, even 
of 50 kw power, lose as little as 30 
seconds during a broadcast year of 
7000 hours. To achieve such a rec­
ord, it is necessary to give careful 
attention to details, and it is hoped 
that the above brief description 
may prove helpful to station en­
gineers. 
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''THIRTEEN MILES OF GROUND WIRE" 

615-Foot Vertical Radiator Antenna. General side vie w showing Insulated guy wires e xtending :n four 
directio!1s, and rows of earth on ground which show location of trenches radiating from tower base, in which 
are imbedded thirteen miles of ground wire. Old antenna supporting towers can be see n in background. Part 
of G- E Radio Broadcasting Station WGY at Schenectady, N. Y. 
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Q-IJ offices ~ are at your ,ervicel Fa, 

complete information on the best equipment for every type of 
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