S“L/ﬁg/i’jf E.&?g&’m w‘,ﬁ:%’éﬁ

(el ey

i

B0 NG REMOVE

L FREOM s SECTION

v e T - gt s = e SRS

INSTRUCTION BOOK

SWITCHBOARd{D-?S

FORT MONMOUTH SIGNAL CORPS PUBLICATIONS AGENCY bT E R
AT >

NLY 435
FOR REFERENCE O DY

f“_‘_":"'cw “:‘_"_ r DO NOT TAKE ' REMOVE |
W e FROM THIS ROOM S Shation

. S

i BY ORDER OF THE DIRECTOR

94— Ft. Mon.—12-4-43—5M—HQ

FROPERTY OF TECHNICAL LIBRARY

FOR OFFICIAL USE ONLY

R REFEROME

NOT 10 & .mm lthm e
o ety |

. }PREPAREDAT‘ I I Ly -
SIGNAL CORPS LABORATORIES o bR uff@
|

I

FORT MONMOUTH, NEW JERSEY

DECEMBER 15, 1935

]

prct

T3
MR iy
& a=h[l m}m =

@) SYEL

i
0 .
O m
Z
] /S Decemper 17 3a~




INSTRUCTION BOOK
FOR

SWITCHBOARD BD-78

FOR OFFICIAL USE ONLY

Prepared at
SIGNAL CORPS LABORATORIES
FORT MONMOUTH, NEW JERSEY

December 15, 1935




TABLE OF CONTENTS

Page

SECTION I - Description.

N erall e e GOO00 00 OO OBOD G OO O T ORG G 6 SOGEH0 000 il
Cabinet and Framework ...cccecceecsses OB OO D OGO SO0 0 A i
Lpparatus ...... 0000 L000000000a3 0006000000 04500000005 1L
Eio B@IEnEl S ooodnon noeoos OO OO PO B O RO 6 e O 3 i
e GoR il (C=u R R e ietleTete < ieteleRe B iegn s serotaratalstelolatalatsleLstereatstit Ak

SECTION II - Installation.
CYSaisllll G0 86060000 800000800 b0 OO0 CRCED iy G O A O 150 2
SECTION III - Operation and Meintenance.

Circuiti per Figures d-AF =B/ —C, and —D| seeseneasissescss
Wor N L S e et tals e ate ele e ala e aialatele = rata sleloralare e e Te
Principal Functions ........ Yetatalcretalatals el ats eyt atetatate fala
Benneching G i et s o N o ralstetalslats s tes S G000 00
- hetallied i DescriphiOn s olelssie s anis o s/s/sis o siainiate ats o sials

2o |o|e
MWW




Fig. 2

Fig. 3

Fig. 4
Eigas

Fig. 6

Fig.10

Fig.1ll

Fig.1l2

Fig.16

Fig.17

Fig.l18 -

LIST OF ILLUSTRATIONS

DIAGREMS
Trensnitter Battery Supply and Jack Circuit. Figures A and
D used for "Ringdown," i.e. 20-Cycle AC Supervision. Figures
B and C Used for Direct Current Supervision.

Through Line Jack Circuit with Tie Jack.

Lamp Circuit. For Use in Special Circuits in Conjunction
with Figures 2, 4 and 6.

Through Line Jack Circuit.

Fuse Alarm Circuit.

Battery Supply Circuit to Terminal Strip. For Testing Pur-
poses and for Special Circuits in Conjunction with Figures
2 ana s

Relay Adjustment Instructions for Figure 1.

Circuit Showing Three Telephones Normally Connected without
Patching Cords. Associated Viring Diagram: Figures 1, B & C.

Circuit Showing Three Telephones with Normal Connections Re-
placed with Temporary Connections by Means of Patching Cords.
Associated Wiring Disgrem: TFigures 1, B & C.

Circuilt Showing Method of Disconnecting a Defective Line and
Coil by Means of a Patching Cord. Associated Wiring Diagram:
Figures 1, B & C.

cuit Showing Three Telephones Normally Connected withou:
ing Cords. Associated Wiring Diagram: Figures 1,

Circ

Patchi

A & D.

Terminal Punching Numbering List.
PHOTOGRAPHS

Front View, Showing Use of Patching Cords.

Three—-quarter View, Showing Hinges.

Three-quarter View, Showing Locking Device.

Three-quarter View, Showing Relay Cover and Cross-
connecting Terminal Strip Cover Removed.

Three-quarter View, Showing Side and Bottom Panel Removed.

Front Section in Open Position and Side, Top and Bottom
Panels Removed.




INSTRUCTION BOGCK
FOR
SWITCHBOARD BD-78

SECTION I
DESCRIPTION
1. General.

a. Switchboard BD-78 is a single-panel, common-battery telephone
switchboard intended for use in fire-control communication systems of
the Coast Artillery Corps. With the exception of having line capacity,
Switchboard BD-78 is essentially the same as Switchboard BD-74. Jack
and lamp-socket mountings, repeating coils, relays, etc., are inter-
changeable on Switchboards BD-74 and BD-78. Switchboard BD-78 is
arranged to be mounted on the wall.

b. The dimensions of the switchboard are as follows:

Height  Depth  Width
Cabinet 26-3/8"  19-5/8"  19-9/16"

Cabinet (overall) 30-3/8"  20-5/8" 21n

¢. The weight of the switchboard will vary between 225 and
305 pounds, depending upon the amount of equipment installed.

2. Cabinet and Framework. The apparatus is mounted on an
angle-iron framework, inclosed by removable steel plates. The front
section of the cabinet is hinged so that ell apparatus is easily
accessible.

-~

3. Apparatus.

a. General. All apparatus with the exception of Coil C-111

(repeating) are of standard commercial desiga.

b. Coil G-111l. Coil C-1l1 was designed at the Signel Corps
Laboratories because a suitable commercial coil was not available. The
following requirements are met by this coil:

(1) Efficient at ringing frequencies (16 to 20 cycles per
second) over the required voltage range.

(2) Efficient at voice frequencies with a d-c component con-

\~

gisting of the transmitter-battery-supply current.

(3) In the event of a short circuit when the coil is con-
nected to a 30-volt battery, the temperature will not rise to a
destructive value.




SECTION II
INSTALLATION

4o Generzl.

8. Remove packing material from around repeating coils, etc.,
before mounting the switchboard, as it may be necessary to remove
the rear plate.

R. Select location which shall permit ready access to side
panels.

€. Connect 30-volt battery-to-battery busses on fuse panel.

d. Connect iron framework of the switchboard to ground. The
frame may be connected to the grounded side of the battery if
warranted by locel conditions.

. 8 Install the signal lamps and temporary fusing. Test all
eircuits,

f. Remove the battery fuses and comnect incoming line cable
to the terminal strip in the rear section. Make cross—connections
on the front side of the terminal strip in the front section.

£+ Install 110-volt circuit and heating unit.

he After final testing, install the fuses and lamp caps.

SECTION IIT

OPERATION AND MAINTENANCE

. Circuit per figures 1-A, -B, ~C and -D.

&8s VlVorking Limits.

(1) Direet Current Signaling. (Figures 1-B and -C).
The maximum permissible line resistance is 1100 ohms at a minimum

battery voltage of 28 volts.

2 (2) Alternating Current Signaling, 16 to 20 Cycles.
(Figures 14 and -D). The operating range of the alternating-
furrent sypervisory relay from a distant Telephone Box EE-91 con-
aected by 19_gauge cable to the switchboard terminals "T" and "R"
with "T1" and "R1" open, or to "T1" and "Ry" with "T" and "R"
open, is between 70 and 75 miles. In the event one peir of ter-
”t‘hiﬂlls is connected by a short line to a Telephone Box EE-91,
< ¢ relay may be operated from another Telephone Box EE-91.con-
0;";"-‘& to the other pasir of terminals over approximately 50 miles

9-gauge cable.

w1 (3) Trensmitter Battery Supply. The transmitter current
1 be approximately .165 ampere on lines of negligible length

SA



and approximately .028 ampere on lines of 19-gauge cable 10 miles
long. The current-supply loss on circuits of 10 miles of 19—gauge
cable will be from 4 to 9 db, depending on the type of transmitter
used.

b. Principal Functions.

(1) Provides means for supplying transmitter-battery to
common-battery telephones.

(2) Provides lamp-supervisory and line signals.

(3) Provides a visual and audible signal when a fuse
operates.

(4) Provides means of cross-connecting two or more tele-
phone or telegraph lines by means of jumper wires.

(5) Provides means of connection or patching together two
or more telephone or telegraph lines by patching cords.

(6) Provides for the rearrangement of connections, by the
use of patching cords, without rearranging the jumper wires.

(7) Provides means for connecting test equipment to the
lines or switchboard equipment.

(8) Provides means of originating @ad eénswering calls to
end from magneto and common-battery telephones and switchboards.

(9) Provides "ring-through" circuits for connecting to-
gether telephones or switchboards.

(10) Provides telegraph circuits by simplexing the tele-
phone circuits.

c. Comnecting Circuits.

(1) Common-battery telephone circuits.
(2) Magneto telephone circuits.

(3) Trunks and tie lines to other switchboards which are
equipped for outgoing automatic and incoming ring-down service.

(4) Two-way ring-down trunk and tie lines at other switch-
boards.

(5) Magneto line circuits at other switchboards.
(6) Common-battery line circuits at other switchboards.

(7) Direct-current telegraph circuits.



d. Detalled Description.

(1) Transmitter Battery Supply. Common-battery telephones
should be connected to "T" and "R" terminals of figure 1.

(2) Direct Current Supervisory Signal. (Figures 1-B and -C).

(2) Common Battery Telephones. Raising the hook switch,
or equivelent, completes a direct-current path through the telephone
which results in the operation of the supervisory relay in series
with the transmitter-battery-supply coil. The operation of the relay
causes the supervisory lamp to light and remain lighted the entire
time the line is in use. The lamp may be flashed for the purpose
of attracting the attention of the switchboard operator, by slowly
operating the hook switch.

(b) Local Battery Telephones. When local-battery
telephones are connected to the "T" and "R" terminals, the supervisory
lamp may be lighted or flashed by making and breaking & direct-current
circuit at the telephone. This may be done by short circuiting the
line. On short lines the supervisory relay may operate through the
ringer windings. On most lines the ringer winding would act as a
holding coil, therefore it would be necessary to open the line to
release the supervisory relay. When using local-battery telephones
on common-battery lines, a capacitor is usually inserted in series
with the ringer so the relays at the switchboard will release. In
some cases the d-c relasys at the switchboard may be operated by
depressing the generator crank and thereby using the generator wind-
ing as a signaling and holding circuit.

(c) Trunks and Tie Lines that are Arranged at the Other
Switchboard for Outgoing Automatic and Incoming Ring-dovn Service.
These circuits should be connected to "T" and "R" terminals of
figures 1-B and -C. As far as the operation of Switchboard BD-78
is concerned, these circuits are equivalent to a common-battery
telephone circuit.

(3) Alternating Current Supervisory Signal. (Figures 1-A
and -p). This signal may be operated by common-battery fire-control
telephones equipped with hand generators, local-battery telephones,
magneto-trunk and toll circuits. Connection may be made to either
the "Tr and "R" or the "T;" and "R1" terminals. The ringing current
through the secondary winding of relay in figure 1-D, actuates the
armature sufficiently to close the contacts on the armature and
Pendulum spring. This completes the circuit of the primary winding
of the relay, locking the relay in the operated position and light-
ing the lamp. The insertion of a plug in the answering jack opens
the circuit of the primary winding of the relay, thus releasing
the relay and extinguishing the lamp.

(4) Operator's Telephone Circuit.

(2) A standard fire-control telephone should be econ-
nected to the "T" and "R" terminals of figure 1 for use as an
Operator's telephone circuit. Connections may be made to any line

—4—



by connecting with a patching cord the "Tie" jack of the operator's
circuit to the "Tie," "Tie-Cut-Off," or "/Answering" jack of the
desired line. The individual lines of a multiline connection may

be isolated by connecting the operator's circuit to the "Tie-Cut-Off"
jack of the desired line. This feature is the equivalent of the
splitting-key arrangement of toll-cord circuits. Vhen the operator's
circuit is connected to the "Answer" jack of figure 1-4, it will
divert some of the transmitter current from the telephone connected
to the "T" and "R" terminals of figure 1. Vhen talking to a tele-
phone connected to the "T" and "R" terminals of figure 1 over a

long line, it may be necessary to insert the plug into the answer-
ing jack to extinguish the lamp and then remove the plug and insert
it into the "Tie" or "Tie-Cut-Off" jack of the line. The "Answer"
jack was placed on the "T" and "R" side of the coil rather than

the "T1" and "R1" side, so that it would be available for testing

the transmitter-battery supply.

(b) To apply ringing current to individual lines,
connect the "Tie" jack of the operator's telephone circuit to the
line jack of the desired line. The application of ringing current
to a "Tie" jack of an arrangement like that shovmn in figure 1,
would ring all three telephones.

(5) Cross—connecting Lines. Lines may be cross-connected

by means of jumper wires or patching cords as shovn in figures 8
to 11.

(6) Testing.

(a) To test lines, insert the plug of the test equip-
ment into the "Line-Test" jack of the line it is desired to test.
This disconnects all switchboard equipment and other lines con-
nected at the switchboard from the line under test.

(b) To test the switchboard equipment of figures 1-B
and -C, plug in the test equipment in the "Swbd.Test" jack to test
the battery or "wet" side of the coil. This disconnects the line.
To test the "dry" side of the coil, plug into the "Tie-Cut-Off™
jack.

(¢) To test the switchboard equipment of figures 1-A
and -D, plug in the test equipment in the "Answer" jack to test
the battery or "wet" side of the coil. As this does not disconnect
the line, it will be necessary to insert a plug into the "Line-Testn"
jock to disconnect the line. To test the "dry" side of the coil,
plug into the "Tie-Cut-Off" jack.

(d) The relay-adjusting instructions are shown in
figure 7. During ordinary maintenance operations, it will not be
necessary to disconnect any wiring when adjusting the relay in
figure 1-D. This reley may be adjusted by connecting the operator's
circuit to the "Tie-Cut-Off" jack of the circuit under test and
applying ringing current. /An adjustable rheostat should be con-
nected by plugging into the "Tie" jack. Reducing the resistance
of the rheostat reduces the voltage applied to the relay. The



setting of the rheostat may be determined by trial for each installa-
tion. A value should be used that will give reliable relay opera-
tion over the longest lines connected to the switchboard. The value
of the rheostut setting will also be confrolled by the voltage out-
put of the operator's circuit.
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Fig. 1—Transmitter Battery Supply and Jack Circuit. Figures A and D
Used for ““Ringdown,"’ i.e. 20-Cycle AC Supervision. Figures B and
C Used for Direct Current Supervision,
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SPEING CONTARCT ARIrIATURE CONTACT

CONTACT ROIVSTING ARMATUVEE TEAVEL
SCEEW AOJUSTING SCEEW
STOFP FIN
ARMATURE

TENSION SCEEW ARMATURE

W.E.CO. | MAX. | FRONT|\OFERATE | RELEASE|
CODE | ARM. |CONTACT| D.C. oc
NUMBER | TRAVEL | MAKE |AMPERES|AMPERES)

8-/ .030" | .005"| .020 | .005

B-10 .030" | .005" | .022 | .002

CONTACTS:

WITH A 008" THICANESS GAUGE INSERTED BETWEEN STOP PIN ON ARMATURE
AND CORE, TURN CONTACT ADJUSTING SCREW SO THAT THE CONTACTS JUST TOUCH.
ARMATURE TRAVEL:
WITH A 030" THICKNESS GAUGE INSERTED BETWEEN STOP PIN ON ARMATURE
AND CORE, ADJUST ARMATURE TRAVEL SCREW SO THAT ARMATURE TOUCHES GAUGE
LIGHTLY.

ELECTRICAL REQUIREMENTS.

8=/ RELAY:
PLUG IN A MILLIAMMETER IN SERIES WITH 4 F000 OHM ADJSUSTABLE
RHEOSTAT INTO THE SWITCHBOARD JACK AND ADJUST CURRENT FOR THE SPECIFIED
VALUE. ADJUST RELAY BY MEANS OF THE ARMATURE TENS/ON SCREW.
B =10 RELAY:
CONNECT A MILLIAMMETER IN SERIES WITH A F000 OHM ADJUSTABLE
RHEOSTAT BETWEEN ALARM AND —30 VOLT BUS BARS AND ADJUST CURRENT FOR THE
SPECIFIED VALUE. ADJIUST RELAY BY MEANS OF THE ARMATURE TENSION SCREW.

SPRING ARLITA TURE
CONTACT 2 CONTACT "B"

CONTACT ADWUSTING
SEREW

ARNMATURE TEAVEL
ADIUSTING SCREW

FPOLE FIECES
ARMATURE

ARNMATURE TENS/ION
ROJUSTING SCREW

PENDULUM. SPRING

ARPMATUEE
CONTACT *r

CONTACT 3"

W.£. co. conTacT | conTacT |PRIrMARY secoNrTsECconpmer|sEcoNDaRY
ARNM. EP wan  |OPERATE |OPERATE \NON-OFER\OPERATE
CODE | oaves A 8 iz} e O.C. D.C A.C.
NUIMBER FOLLOW |FOLLOW |\pMPERES | AMPERES |AMPERES |AMPERES
J-54 |.030" 102 riNLooTMIN| 0,47 |.0042 |.0034 [Z°FLAT

L0/8 MAX. |.008" MAX. 55 SlEs

CONTACTS A"

WITH A 012" THICKNESS GAUGE INSERTED BETWEEN POLE PIECES AND
ARMATURE, TURN CONTACT AOJUSTING SCREW 50 THAT THE CONTACTS
JSUST TOUCH. WITH A .0/8 GAUGE, CONTACTS SHALL NOT TOUCH.
CONTACTS 8B

WITH A .003" THICKNESS GAUGE INSERTED BETWEEN POLE FIECES AND
ARMATURE, BEND SPRING ATTACHED TO0 ARMATURE S0 THAT CONTACTS JUST
TOUCH. WITH £ .008 "GAUGE, CONTACTS SHALL NOT TOUCH. RELAY SHOULD
BE ADJUSTED W/ITH FOLLOW AS NEAR IMIN. LIMIT AS /S CONS/STENT WITH
MEETING ELECTRICAL REQUIBEMENTS, SET ARIMATURE TRAVEL BEFORE
PrAKING THIS ROJUSTITENT.

ARMATURE TRAVEL.

WITH £A.025" THICANESS GRUGE INSERTED BETWEEN FPOLE PIECES (IND
ARIIRTURE, TURN ARIATURE TRAVEL ADJUSTING SCREW SO THAT ARMATURE BARELY
FAILS TO TOUCH GRUGE.WITH A .030 " GAUGE, ARITATURE SHALL NOT TOUCH GAUGE.

PEIMARY : EFLECTERICAL FEQUIEEITENTS

OPEN ANSWER JACK CONTACTS BY INSERTING /A PLUG. CONNECT NEGATIVE
(-) BATTERY TO TERIINAL OF #* SFRING OF RELAY. CONNECT A MILLIAMMETER
IN SERIES WITH A 3000 OHM ADJUSTABLE RHEOSTAT FROM FOS/TIVE (+)
BATTERY TO [INNER END OF PEIMARY WINOING (TERMINAL WITH KREC
WIRE) ADJUST CURERENT FOR THE SFPEC/IFIED VALUE.

SECONDART O.C. TEST :

OPEN CONTACTS OF 7HE ANSWER JACK. CONNECT A MILLIRMMETER
IN SERIES WITH A 10,000 0HM ADJUSTABLE RHEOSTAT RCROSS THE
CONDENSER AND ADIUST THE CURRENT FOR THE SPECIFIED VALUES AOVUST
RELAY BY /EANS OF THE ARMATURE TENSION ADJUSTING SCREW.
SECONDARY A.C. TEST.'

OFEN CONTRCTS OF THE ANSWER JACK . REMOVE THE LINE FUSE.
OFEN THE PED-ELUE LEAD FROM THE CONDENSER. CONNECT GENERATOR
RETURN GROUND TO THE LOWER E/GHT CO/M TERIINAL (A5 SEEN FRONM
BEAR) OF THE J-54 RELAY. CONNECT GENERATOR VOLTAGE THRU A 235,000
OHIT ADIUSTAELE RHEOSTAT AND AN A.C. MILLIAMMETER TO THE LOWER
LEFT CON TERIMINGL OF THE J-F¢ KELAY.

Fig. 7—Relay Adjustment Instructions for Figure 1




CROSS CONNECTING TERE/M.
STRIP IN FRONT SECT/ON.
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Fig. 8—Circuit Showing Three Telephones Normally Connected Without
Patching Cords. Associated Wiring Diagram: Figures 1Band 1C.
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CRPOSS CONNECT/ING TLELEM.
STEIP IN FRONT SECT/ON.
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Fig. 8—Circuit Showing Three Telephones Normally Connected Without
Patching Cords. Associated Wiring Diagram : Figures 1 Band 1 C.
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CROSS CONNECTI/ING TELEM.
STEIP IN FRONT SECT/ON.
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Fig. 8—Circuit Showing Three Telephones Normally Connected Without
Patching Cords. Associated Wiring Diagram: Figures 1Band 1C.
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CROSS CONNECTING TERM.

NO/LIINNO D
THINSON 0L

LINE TERM. STRIFP IN
STRIP IN FRONT SECT/ON. REAR SECTION.
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Fig. 9—Circuit Showing Three Telephones With Normal Connections
Replaced With Temporary Connections by Means of Patching
Cords. Associated Wiring Diagram: Figures 1 B and 1 C.
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CROSS CONNECTING TLERM.

LINE TERM. STRIP IV
STRIP IN FRONT SECTION. PEAR SECTION.
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Fig. 10—Circuit Showing Method of Disconnecting a Defective Line and

Coil by Means of a Patching Cord. Associated Wiring Diagram :
Figures 1 B and 1 C.
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SWITCHBOARD BD-78
Terminal Punching Numbering List

Punch- Comnee- Circuit Punch- Connec- Circuit Punch- Connec- Circuit

ing  tionm ing tion ing tion
% i B-1 247 T1 Je1 361 T C-1
2 R1 B-1 248, R Jelo 362 R -1
2 TGy B-1 249 i J-2 363 i c-2
9 T1 B-2 250 Ry J-2 364 R c-2
3 Rl B-2 251 T1 J-3 365 i c-3
6 TGy B-2 252 R1 J=3 366 R c-3
to t0 to

85 R e A L (S Do
86 R1 B-29 278 R1 J-16 476 R c-58
87 wei . B2y 279, STiL apd=E ST R
88 T B-30 280 R1 J-17 478 R C-59
89 Ry B-30 281 7. J-18. 479 T C-60
90" MEs - Bego. 0B GBL. Gedigg RS EASRRE O
91 T1 -1 295 + LB 481 T J-1
92 R] c-1 297 - LB 482 R J-1
93 1 C-2 301 i B-1 483 T J-2
24 R1 c-2 302 R B1 484 R J-2
D 11 c-3 303 R A e
96 R1 c-3 304 R B2 486 R J-3
to - to ‘

<05 T C-58 05 T B-3 511 L J-1

® m e oms BB L

;07 71 0-59 5 513 T J-17

208 Ry . le-59' . 355 gy Bagl =Ll B e

209, U e ot OIEEESEE RS S d=1e

210 G B T SELRLTR e

<11 L L1 i35 R - 29

=Le L1 L1 359 i Pt

<13 i =2 360 R B-30

:1f L1 L-2

TR

to . 3

i IR =i

e ;. 116

2o L L-17

<4l iyl S

= L L-18

M L1 L-18

Circuits B, Fig.
Circuits C, Fig.
C%rcuits Lyt Fign
1frcuits J, Fig.
bircuit LB, Fig.

v~ o

Figure 12
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Fig. 13—Front View, Showing Use of Patching Cords
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Fig. 15—Three-quarter View, Showing Locking Device
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Fig. -

: Terminal Strip Cover Removed |
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Fig. 17—Three-quarter View, Showing Side and Bottom Panels Removed
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Fig. 18—Front Section in Open Position and Side, Top and Bottom
Panels Removed



