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DESTRUCTION NOTICE

WHY—

To prevent the enemy from using or salvaging this equipment
for his benefit.

WHEN—

When ordered by your commander, or when you are in imme-
diate danger of capture.

HOW—

1. Smash—Use sledges, axes, hand-axes, pick-axes, hammers,
crowbars, heavy tools, etc.

2. Cut—Use axes, hand-axes, machete, etc.

3. Burn—Use gasoline, kerosene, oil, flame-throwers, incen-
diary grenades, etc.

4. Explosives—Use firearms, grenades, TNT, etc.

5. Disposal—Bury in slit trenches, fox-holes, other holes. Throw
in streams. Scatter.

6. USE ANYTHING IMMEDIATELY AVAILABLE FOR
DESTRUCTION OF THIS EQUIPMENT.

WHAT—

1. Smash—Cabinet and operating panel completely including
voltmeter, milliammeter, switching keys, generators, coils,
bell, buzzer, relays, drops, condensers, resistance units and
fuse blocks. Also operators head and chest sets, tools,
trouble light and nameplate. :

2. Cut—Chop or rip loose all panel wiring, line wires or cables
and battery and heater wires.

3. Break—Leg assemblies and metal parts of cabinet.

4. Burn—Wooden pieces of cabinet to destroy circuit label and
Technical Manual.

5. Bury or scatter—Any or all of the above pieces after
breaking. ’

DESTROY EVERYTHING

WARNING

Severe shock may result from contact with current carrying
parts of this equipment.
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PAR. 1-2

SECTION 1
) DESCRIPTION

1. GENERAL.—Flash Ranging Set GR-4-A is a telephone system
used by Field Artillery observation batteries by which observers
of gun flashes report the azimuths of enemy gun positions to a
central station. There the azimuths from various observers are
plotted as described in Field Manual 6-120. The observers use
Outpost Units BE-51, connected to field telephone lines which lead
to Switchboard BD-70 at the central station. The observer signals
the switchboard operator at the central station, who connects the
outpost telephone with the switchboard telephone. This makes it
possible for the observer and switchboard operator to talk to each
other, the operator repeating the reported azimuths to plotters
at the central station.

2. LIST OF COMPONENT PARTS.—

Approximate Approximate

size in weight in
Quantity Article inches pounds
6 Axle RL-27-B Handle 83gx114  5.13
36  Battery BA-30,12in use, 114 dia. x 214, 25
24 spare (for EE-8-(*))
4  Battery BB-29, 2 in use, 1015x8x811,¢ 35.00
2 spare :
6 Capacitor Unit BE-59 313/ 6x3x2 1.00
1  Chest Set TD-1 (note 1)
1 Cord CD-425 50 ft. long 25.00
4 Foot FT-149 18x234,x11/,
1 Ground Rod GP-29 36x21/ 35.00
1 Handset TS-9-(*) 91,6x234,x315, ¢ 1.10
1  Headset HS-30-(*) (notel)
2 TM11-439, Technical Manual
for Flash Ranging Set GR-4-A
1  Knife TL-29
6  Outpost Unit BE-51 214 x314x7 6.00
1  Pliers TL-13-A (or TL-13) .44
2  Plug PL-58 (1forhandset  2x134x315,, 12
and 1 spare)
1  Pouch CS-34 . .80
1  Protector AR-8 14x6 dia. 10.00
6 Spring Assembly, Biasing,
including stud and bracket
for W. E. Co. 206 type
Relay, or Equal (Spare)
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TM 11-439 DESCRIPTION PAR. 2-3

Approximate Approximate

size in weight in
Quantity Article inches pounds
2  Strap ST-21 (for Battery 68x2x1g .80
BB-29)
1  Switchboard BD-70 23x21x10 85.00
6  Telephone EE-8-(*) 99, 6XT1146x31% 9.25
1  Tool, contact cleaner (for

relay points), W. E. Co. 265-C
(contact burnisher), or equal
Note 1. In case Headset HS-30 (*) and Chest Set TD-1 are not
available, Head and Chest Set HS-19-(*) may be issued.

3. SWITCHBOARD BD-70.—a. General.—Switchboard BD-70
(fig. 1) is a flash ranging switchboard for use at the central station
to permit telephone conversations between the switchboard oper-
ator and observers at outlying posts. The switchboard is arranged
to connect the operator’s telephone set to any of the six field tele-
phone lines, equipped with Telephones EE-8-(*), for talking or
ringing. Magneto drop and line lamp signals are supplied for each
line and serve as signals of an incoming call. A hand generator is
provided for ringing the outlying station.

b. Front panel.—When the front cover is lowered, the oper-
ating panel is exposed. The operating panel contains the following :

12 Line binding posts

6 Linedrops with drop

guards
Operator’s circuit binding
posts
Milliammeter
Voltmeter
Battery key
Battery binding posts
Heater binding posts .
Line lamp sockets
Line lamps
Relays
Nameplate
Line cam keys
Alarm keys
Operator’s telephone jacks
Hand generator crank
Panel lamp toggle switch
Inspection lamp socket
Panel lighting sockets

w
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TM 11-439 DESCRIPTION PAR. 3-4

c. Rear panel.—The following are mounted on the rear surface

of the panel:

Ringing generator

Ringing buzzer

Night alarm buzzer

Operator’s retardation coil

Induction coil

The rear of the panel also holds a mounting frame. This frame

has two mounting strips, on which are mounted the line relays
(which project through the panel), heater element receptacles,
battery and heater fuse cut-out bases, capacitors, and line resist-
ance units. A drop alarm bell and bracket is mounted on the left
mounting frame bracket facing the front of the switchboard. The
panel is mounted on a steel frame held in place in the cabinet by
means of ten flat-head machine screws, three at either end and
four at the top of the cabinet a few inches back from the panel.
Each of the two plates to which the shelf supports are anchored
is secured by two screws to opposite sides of the cabinet. When
these four screws and the previously mentioned ten screws are
removed, the entire operating unit (with equipment and wiring)
may be pulled forward out of the cabinet so that the equipment
may be inspected, adjusted, and defective parts replaced. A sheet-
metal drawer at the bottom of the switchboard (under the front
panel) is used for storing tools, spare parts, etc.

d. Circuits provided.—Switchboard BD-70 contains the equip-
ment for the following : '

6 Combination line circuits 1 Ringing circuit
1 Operator’s telephone circuit 1 Battery circuit
1 Buzzer night alarm for line lamp (6 volts)
signals
1 Bell night alarm for drop signals 1 Inspection lamp circuit
1 Milliammeter test circuit 1 Panel lamp circuit
1 Voltmeter test circuit 1 Heater circuit

4, POWER.—Two Batteries BB-29 provide 6-volt d-c power. The
batteries are 4-volt, 80-ampere hour, 2-cell storage batteries with
a center tap which makes it possible to get the 6 volts needed to
operate Switchboard BD-70.
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TM 11-439 DESCRIPTION PAR. 7-9

7. TELEPHONE EE-8-(*).—Telephone EE-8-(*) (fig. 7) is for
field use on either local battery or common battery systems and
may be used as a test telephone, an operator’s telephone for mono-
cord switchboards, or with a head and chest set equipped with
Plug PL-58 accommodated by the jack of Telephone EE-8-(*).
A screw switch is provided on the terminal block for adjusting the
telephone for use with either a local battery or common battery
line. For common battery use, the screw is turned clockwise (to
the right) as indicated by the arrow pointing to CB. For local bat-
tery use, the screw is turned counterclockwise (to the left).

For a full description of Telephone EE-8-(*) see Technical
Manual TM 11-333.

8. PROTECTOR AR-8.—Protector AR-8 consists of a Cook Elec-
tric Company type S-6 protector, a supporting bracket, and a slip-
on cover. The bottom of the case has a pierced fibre plate through
which the field telephone lines may be passed and connected to
the terminals. Cord CD-425 is provided with a plug which engages
the terminals of Protector AR-8. This connects the field telephone
lines to Switchboard BD-70.

9. MISCELLANEOUS PARTS.—The following equipment is pro-
vided for the operation, installation, and maintenance of Flash
Ranging Set GR-4-A :

a. Operating equipment.—
(1) Headset HS-30-(*) (notel).
(2) Chest Set TD-1 with Plug PL-58 (notel1).
(3) Handset TS-9.
(4) Trouble light.

b. Tools.—
(1) 1 #553-A Lamp extractor.
(2) 1 #319-B Lamp cap extractor.

(3) 3 #340 Relay adjusting tools.
¢. Spare parts.—
(1) 10 3-ampere fuses #388-643.

(2) 10 #6-B Switchboard lamps.
(3) 6 #4-A Lamp caps—white.

(4) 3 #40 Mazda lamps—6 to 8 volts miniature
screw base.

(5) 2 #82 Mazda lamps—=6 to 8 volts double con-
tact bayonet base.

(6) 1 #67 Trouble light with #82 Mazda lamps

and double contact plug.
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T™M 11-439 INSTALLATION AND OPERATION PAR. 9-10

d. Parts required but not included.—The following equipment is
needed for the operation of Flash Ranging Set GR-4-A, but is not
included in the set :

(1) Field telephone wire.

(2) Wire for connecting Telephone EE-8-(*) to Capacitor Unit
BE-59.

(3) Ground wire for connecting Protector AR-8 to Ground Rod
GP-29.

(4) Battery supply wires.

(5) Heater supply wires.

SECTION II
INSTALLATION AND OPERATION

10. INSTALLATION.—a. Outpost station.—(1) Capacitor Unit
BE-59.—Connect the field telephone lines at the outpost station
to the binding posts marked LINE on Capacitor Units BE-59.

(2) Outpost Unit BE-51.—Connect Cord CC-327 of Outpost
Unit BE-51 to the binding posts marked OUTPOST on Capacitor
Unit BE-59.

(3) Telephone EE-8-(*).—Connect Telephone EE-8-(*) to the
binding posts marked TEL on Capacitor Unit BE-59. (For in-
formation on Telephone EE-8-(*) refer to Technical Manual
TM 11-333).

b. Protector AR-8.— (1) Mount Protector AR-8 near enough to
Switchboard BD-70 so that Cord CD-425 (length 50 ft.) will reach
from the switchboard to the protector.

(2) Put the field telephone line wires through the holes in the
fibre plate in the bottom of Protector AR-8. Fan them out through
the fanning strips. Connect the wires to the correct terminal lugs.

(3) Drive Ground Rod GP-29 into the ground at the dampest
spot available. '

(4) Connect a heavy wire (at least 14-gauge) to the terminal on
Ground Rod GP-29 and to the terminal provided for a ground con-
nection on the bottom of Protector AR-8.

(5) Remove the cover of Protector AR-8. Place the multiple plug
of Cord CD-425 on the multiple jack on Protector AR-8 and replace
the cover.

{cy Battery BB-29.— (1) Connect two Batteries BB-29 in series
by connecting the positive (4 ) terminal of one battery to the neg-
ative (—) terminal of the other battery.

(2) Using the center tap of one Battery BB-29, take off a 6-volt
lead to be connected to the 6V BAT. terminals on Switchboard
BD-70.
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TM 11-439 INSTALLATION AND OPERATION PAR. 10-11

(c¢) Connect the heater current leads, when needed, to the bind-
ing posts marked HEATER (at the right center of the panel).
If a higher potential is used for the heater circuit than is used on
other equipment, be sure no bare wire of this circuit is left
exposed. Push the heater elements into the receptacles. Two re-
ceptacles are mounted by brackets on the relay mounting strip
between the front panel and the rear wall of the switchboard.
These receptacles can be reached through the rear door.

Note: BEFORE making the following connections, make the
tests described in paragraph 11.

(d) Connect the fanned-out terminals of Cord CD-425 to the line
binding posts (at top of front panel). Be careful—make clean,
tight connections. Screw down the binding post, using fingers only.
DO NOT USE PLIERS. Connect one of the two wires of each pair
to one of the two Binding posts of the line (L-1, L-2, etc.) ; that
is, each pair of wires should terminate at its own pair of binding
posts.

Note: Wiring for battery, heater and outpost lines should not
interfere with or cover any of the operating parts on the panel,
such as relays, drops, lamps, keys, generator crank, and operator’s
jacks.

11. PREPARATION FOR USE.—The following tests should be
made before the telephone lines are connected (par. 10d.) : '

a. Operate BAT. key to ON. This will close the 6-volt battery cir-
cuit through to the switchboard circuit. Be sure the BAT. key is in
operated position during all tests and when the switchboard is
in use.

b. Battery voltage.—Operate VOLTS key and watch the volt-
meter reading. When it registers less than 6 volts, adjust the bat-
tery supply to get a reading of at least 6 volts.

c. Line relay and night alarm test.—Operate TEST key on line
1. The line relay will operate and light the line lamp. Now operate
BUZ. key. This operates the buzzer alarm. (The line lamp will not
burn as bright when the buzzer is connected to the circuit. To
determine which line signal is operated, restore BUZ. key to nor-
mal). Repeat this test on each line circuit.

d. Milliammeter test.—Short circuit the line binding posts of
line 1. Now operate MA key on line 1, and watch the milliammeter
reading. With a 6-volt battery source, the milliammeter should
register at least 12 milliamperes.

13
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PAR. 11-12 FLASH RANGING SET GR-4-A TM-11-439

e. Talking and ringing on lines and bell night alarm test.—
This test uses the following equipment :

1 Operator’s Headset HS-30(*) and Chest Set TD-1. Throw
toggle switch on Chest Set TD-1 to locking position (to close
transmitter circuit) and insert Plug PL-58 into Jack JK-37
on switchboard.

1 Telephone EE-8-(*) adjusted for common battery signaling.

The test is carried out as follows :

(1) Connect the field telephone to line terminals L-1.

(2) Release the drop guard on the drop of line 1 and operate the
hand generator of the telephone. This will cause the drop shutter
on the switchboard to fall.

(3) Now operate the BELL key. This will connect the night
alarm bell in circuit, and start it ringing.

(4) Restore the drop shutter by hand. This stops the ringing
of the bell.

(5) Now operate the RING key on line 1, and crank the hand
generator on the switchboard, which will ring the telephone bell.
The generator buzzer (5-A) on the switchboard sounds when cur-
rent passes through it, indicating a closed line loop.

(6) Restore the RING key, and operate the TALK key so that
you may talk to the field telephone. The reception should be dis-
tinct in .both receivers.

(7) REPEAT this test on each pair of line terminals.

NOTE : Ringing current coming from Telephone EE-8-(*) into
the switchboard line circuit causes the line relay to flutter and
lock in operated position through the low resistance of the test
telephone line loop, and causes the associated line lamp to light.
The line relay will be released and the line lamp extinguished when
the RING key on that line is operated.

f. Panel lamps.—Throw LAMPS switch, which lights the two
panel lamps. Use only when necessary.

g. Test trouble light (No. 67) to make sure it is ready for emerg-
ency use by momentarily plugging it in the socket.on the front
panel.

12. OPERATION.—a. When the above tests are finished, call each
outpost station in turn. Operate the RING key and crank the hand
generator. If the field telephone line is complete the 5-A special
buzzer will sound. If the buzzer is heard, restore the RING key
and throw the TALK key, and await an answer from the outpost
station. If a re-ring is necessary, operate the RING key and crank

14
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TM 11-439 FUNCTIONING OF PARTS PAR. 12-13

the hand generator again. The TALK key may be left operated
when the re-ring is made.

b. To signal a field station, raise TALK key of the associated line.
Press RING key (which will lock in position), and crank the hand
generator. When through ringing, restore RING key to normal.
When the observer at the outpost answers the call, the connection
will be completed. When through talking, restore TALK key to
normal. This line circuit may be connected to field Telephones
EE-8-A, EE-8-B, and EE-8.

¢. When the outpost operator answers, tell him to ring Switch-
board BD-70 with the hand generator of his Telephone EE-8-(*).
Restore the TALK key until the drop shutter falls to show the
incoming call.

d. Tell each outpost operator in turn to push and release the key
on his Outpost Unit BE-51 several times. Restore TALK key to
normal. The line lamp should flash each time the key on the out-
post unit is pushed.

e. If it is desired to have the outpost operator call in as soon
as he has made connections in the field, the above operations need
not be made in the order given. The switchboard operator may
interrupt the flash signals at any time by ringing on the line.

SECTION III
FUNCTIONING OF PARTS

13. SWITCHBOARD BD-70.— a. Battery circuit.—(1) The
6-volt battery circuit is connected to the BAT. key. This key in the
normal, or OFF, position disconnects the battery from the switch-
board equipment. To operate the switchboard, raise BAT. key to
ON. The 6-volt battery fuse cut-out base is mounted on the mount-
ing frame in the rear of the switchboard. The panel lamps are
connected through®the LAMPS toggle switch to the switchboard
terminals of the BAT. key. The trouble light socket terminals are
connected directly to the 6-volt binding posts, and will furnish
current for this lamp even though the battery fuses are out.

(2) To prepare the switchboard for normal operation, insert
Plug PL-58 of the operator’s Headset HS-30-(*) and Chest Set
TD-1 into Jack JK-37. Then throw toggle switch on Chest Set TD-1
to close the transmitter circuit. Release the drop guards on all
drops of connected outpost lines by first swinging the guard spring
to the right, and then swinging it down so as to catch the indenta-

Go 3]C 15
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T™M 11-439 FUNCTIONING OF PARTS PAR. 13

tion on the guard plate. Raise BAT. key to ON, raise BUZ. key to
the BUZ. position, and BELL key to the BELL position. If neces-
sary, light the two panel lamps by throwing LAMPS toggle switch
to the LAMPS position.

b. Line circuit.—The signals for an incoming call consist of a
line lamp, controlled by the line relay, which lights when the key
on Outpost Unit BE-51 is pressed, and a ring-down drop shutter
for magneto signaling, which operates when the hand generator
is cranked in Telephone EE-8-(*) at the outpost station. When
the line relay.operates, negative battery is connected through the
line lamp, through the BUZ. key contacts to positive battery. When
BUZ. key is raised, the return battery current is diverted through
the buzzer (7 BW) which gives an audible signal (par. 11 ¢.). To
determine which line signal is operated, restore BUZ. key to
normal. Raise TALK key of that line. This will disconnect the line
relay from the line circuit and connect the operator’s telephone set
to the line circuit. The line relay will now restore automatically
and put out the line lamp.

¢. Operator’s circuit.—The operator’s circuit gets its power
from Battery BB-29 through BAT. key on the switchboard when
the key is raised to ON. Two operator’s jacks, connected in mul-
tiple, are provided. These may be used interchangeably, or with
two operator’s sets at the same time. Each TALK key is equipped
with a set of springs which make contact and close the transmitter
battery circuit when the key is operated. No battery flows through
the transmitter when all TALK keys are normal, even though the
battery toggle switch on the operator’s set, Headset HS-30-(*)
and Chest Set TD-1, is on.

d. Alarm circuits for line signals.—These circuits give an
audible signal, plus the visual signals, for incoming line signals.
The BUZ. key controls the operation of the buzzer (7 BW) for line
lamp signals. When the BUZ. key is raised to BUZ., the operation
of any line relay will connect battery through the associated line
lamp in series with the buzzer (7 BW), and cause the buzzer to
operate. The line lamp, when connected in series with the buzzer
(7 BW), will not burn at full brilliance. Therefore, when the
buzzer operates, it may be necessary to restore BUZ. key to normal
in order to tell which line lamp has been operated. When the BELL
key is operated to BELL, the operation of any line-drop shutter
will connect battery to the bell (7 DW) and cause it to ring. Re-
storing the line-drop shutter by hand will stop the ringing of
the bell.

Google 17



PAR. 13 FLASH RANGING SET GR-4-A TM-11-439

e. Voltmeter test.—The voltmeter test circuit is designed to
check the potential of the battery supplying current to the switch-
board circuit. The VOLTS key, when operated, connects the volt-
meter directly across the battery leads and registers the voltage
of the battery (par. 11 b.).

f. Milliammeter test.—The milliammeter test circuit tests the
continuity of a line circuit, and also the amount (in milliamperes)
of direct current flowing on each line circuit when in use. Since
the amount of current which flows in any circuit is decreased when
the resistance of that circuit is increased, this test will give an
approximate indication of the working condltlon of the line to
which it is applied.

(1) When the MA key of any line circuit on the switchboard is
operated to MA position (the TEST-TALK key remaining normal
or unoperated), the milliammeter will be connected in series with
the line loop, the windings of the line relay, and the 6-volt battery
source.

(2) When the line terminals of the line to be tested have been
connected by a short piece of wire, making a zero resistance line
loop, the milliammeter will register the amount of current (about
12 milliamperes) flowing through a line circuit having no external
line resistance. Note that the line relay will operate and light the
line lamp.

(3) When a field station line-circuit and its field telephone is
connected to the line terminals, the additional resistance of the
external line loop, plus the resistance of the holding coil in the
field telephone (with the hand set removed from its cradle), will
reduce the amount of current flow in the line circuit.

(4) The milliammeter will indicate the practical minimum cur-
rent needed for reliable operation of the line relay by the follow-
ing test:

(a) First, check the voltage of the battery and restore the
VOLTS key (par. 11 b.).

(b) Now, operate the TEST and MA keys at the same time, and
note the milliammeter reading. Also, note that the line relay oper-
ates to light the line lamp. The milliammeter reading should be
about 314 milliamperes. The above test disconnects the external
line loop from the switchboard circuit and connects a resistor
having a resistance of 1200 ohms (18 BJ). When any test on a
field station line-circuit shows a milliammeter reading of less than
314 milliamperes, adjust the field telephone connected to that line
for local battery operation and generator signaling. Call the out-
post operator and instruct him to make this adjustment.
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g. Heater circuit.—The heater circuit supplies current to heat-
ing elements for drying out the switchboard when necessary. Use
heating elements having standard medium size screw bases and
of a size to fit the space available. Use whatever type of heating
element and current that is available (par. 10 d. (2) (¢)). Two
midget 3-ampere fuses are provided between the heater recep-
tacles and the two binding posts marked HEATER on the front
panel of Switchboard BD-70.

14. PROTECTOR AR-8.—Protector AR-8 houses the protectors
which connect the field telephone lines to the Cord CD-425. These
protectors are used to open the circuit if any harmful electrical
currents contact the field telephone lines so that the equipment in
Switchboard BD-70 will not be ruined.

15. CAPACITOR UNIT BE-59.—Connection of Telephone
EE-8-(*) to the binding posts marked TEL of the Capacitor Unit
BE-59 connects Telephone EE-8-(*) with the outpost line through-
a 1 mf capacitor. This stops the battery current passing through
the ringer coil in Telephone EE-8-(*) from operating Switch-
board BD-70 line relay.

16. OUTPOST UNIT BE-51.—The milliammeter and 48,000-ohm
resistance contained in Outpost Unit BE-51 are normally con-
nected across the outpost line and draw a current of approxi-
mately 0.12 milliampere. This is not enough current to operate
the Switchboard BD-70 line relay, but pressing the plunger type
key on Outpost Unit BE-51 short circuits the meter and resist-
ance, and permits the line relay to operate. The outpost observer
may check the continuity of the outpost line and circuit by noting
the meter needle drop to zero when the key is pressed.

17. HEADSET HS-30-(*).—Headset HS-30-(*) includes two Re-
ceivers R-30-(*). An Insert M-300 made of soft rubber that
fits into the ears is attached to each receiver. Bend Headband
HB-30-(*) to fit the contour of your head. The tension of Head-
band HB-30-(*) is correct when there is just enough pressure of
Inserts M-300 against the inner ears to make a partial seal against
external noises. If properly adjusted, the pressure will not be
uncomfortable.
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18. UPKEEP AND REPAIR.—Handle the equipment carefully
while packing and unpacking, transporting and installing. After
the switchboard has been set up for service, test all circuits at
least once each day. Test battery voltage (par. 11 b.), and com-
plete line test on all lines for talking and ringing in both directions.
Pay special attention to the operation of line signals and alarm
circuits.

a. You can remove and replace line lamps from the front of the
panel, using the lamp and lamp-cap extractor tools. BE SURE
that the lamps are inserted in the lamp jacks at the proper angle
and that the lamp terminal strips make good contact with the
jack springs.

b. The TEST-TALK, RING-MA, BAT. BUZ., and BELL-
VOLTS keys may be pulled out from the face of the operating
panel for inspection, cleaning or making minor adjustments. To
adjust, remove the four flat-head machine screws in each corner
of the key mounting plate.

¢. Always move the drop-guard spring up to hold the drop shut-
ter in position when the switchboard is to be transported. The
drop shutters and alarm springs may need adjustment as they are
easily bent. Remove and straighten them when necessary.

d. Pull out the relay covers from the front of the panel to expose
the relay springs for inspection. If the line lamp does not light
under test conditions, reduce the relay spring tension slightly by
turning the front thumb screw counterclockwise (to the left).
Keep enough tension to allow the relay to just operate under test
conditions and to keep the armature from chattering too much
when ringing current is received. Adjust the relay contact points
to insure the armature making firm contacts in the non-operated
(right) and operated (left) positions.

e. The heater elements, heater fuses, and battery fuses are
reached through the rear door for test or replacement.

f. Test the trouble light periodically. Connect it for a short time
to the socket on the front panel of Switchboard BD-70, so that it
will be ready for locating trouble in an emergency.
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FIGURE 12. Location of parts for Switchboard BD-70, cabinet.
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PAR. 20-22 FLASH RANGING SET GR-4-A TM-11-439

20. SPARE PARTS:

10" 3-ampere fuses #388-643
10 6-B Switchboard lamps
6 4-A Lamp caps—white
3 40 Mazda lamps—6 to 8 volts miniature screw base
2 82 Mazda lamps— 6 to 8 volts double contact bayonet base
1 67 Trouble light with #82 Mazda lamp and double contact

plug
21. TOOLS:

1 553-A Lamp extractor
1 319-B Lamp-cap extractor
3 340 Relay adjusting tools

22. LIST OF MANUFACTURERS:

Code Name Address
KS Kellogé Switchboard and Supply Co............ Chicago, Ill.
GE Graybar ElectricCo. ........cccvvviiiiiinn... Chicago, Ill.
- WE Weston Electrical Instrument Corp........... Newark, N. J.
Eby H. H. Eby Manufacturing Co.............. Philadelphia, Pa.
YM Yaxley Manufacturing Co................ Indianapolis, Ind.
MS Metal Specialties Mfg.Co...................... Chicago, Ill.
ZM F.R.Zierich Mfg. Works ........._......New York, N. Y.
SM H. B. Sherman Mfg.Co................. Battle Creek, Mich.
AH Arrow Hart and Hegeman Mfg. Co......... Hartford, Conn.
KI Kilbourn-Sauer Co..................cc.... Fairfield, Conn.
HH Harvey Hubbell, Inc..................... Bridgeport, Conn.
CA Colt Patent Fire Arms Mfg. Co............ Hartford, Conn.
JE Jefferson ElectricCo...................cou.... Chicago, Ill.

(27615-PHILA.-43) (1,300) (JAN. 1944); (40602) (10,000) (JAN. 1944);
(41459) (5,000) (JAN. 1944).
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PAR. 19 FLASH RANGING SET GR-4-A TM-11-439

TL-50327

FIGURE 19. Location of parts ror Protector AR-8.
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PAR. 19 FLASH RANGING SET GR-4-A TM-11-439
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FIGURE 20. Location of parts for Outpost Unit BE-51.
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PAR. 20-22 FLASH RANGING SET GR-4-A TM-11-439

20. SPARE PARTS:

10" 3-ampere fuses #388-643
10 6-B Switchboard lamps
6 4-A Lamp caps—white
3 40 Mazda lamps— 6 to 8 volts miniature screw base
2 82 Mazda lamps — 6 to 8 volts double contact bayonet base
1 67 Trouble light with #82 Mazda lamp and double contact

plug
21. TOOLS:

1 553-A Lamp extractor
1 319-B Lamp-cap extractor
3 340 Relay adjusting tools

22. LIST OF MANUFACTURERS:

Code Name Address
KS Kellogé Switchboard and Supply Co............ Chicago, Ill.
GE GraybarElectricCo. ........cccvviiiiivnn... Chicago, I1l.
+ WE Weston Electrical Instrument Corp........... Newark, N. J.
Eby H. H. Eby Manufacturing Co.............. Philadelphia, Pa.
YM Yaxley Manufacturing Co................ Indianapolis, Ind.
MS Metal Specialties Mfg.Co..............ovun... Chicago, Ill.
ZM F.R.Zierich Mfg. Works ......_.._......New York, N. Y.
SM H. B. Sherman Mfg.Co................. Battle Creek, Mich.
AH Arrow Hart and Hegeman Mfg. Co......... Hartford, Conn.
KI Kilbourn-Sauer Co............ccovivvinvnn. Fairfield, Conn.
HH Harvey Hubbell, Inc..................... Bridgeport, Conn.
CA Colt Patent Fire Arms Mfg. Co............ Hartford, Conn.
JE Jefferson ElectricCo.......................... Chicago, Ill.

(27615-PHILA.-43) (1,300) (JAN. 1944); (40602) (10,000) (JAN. 1944);
(41459) (5,000) (JAN. 1944).
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