CIRCUIT DESCRIPTION -
'SWITCHING SYSTEMS DEVELOPMENT DEPARTMENT

cD-95u76-01
Issue 8-D
Dwg. Iss. 18-D

 COMMON SYSTEMS
MANUAL OUTGOING TRUNK
TEST CIRCUIT
~ FOR USE WITH
CROSSBAR NO. 5, CROSSBAR TANDEM OR
TOLL SWITCHING SYSTEM NO. 4 OR 4A

CHANGES
A, CHANGED OR ADDED FUNCTIONS

A.1 Provision is made for testing outgoing
four-wlire trunks arranged for E&M lead
signaling. |

B. CHANGES IN APPARATUS
B;l Added

Relays - YT Option - Fig. 17
1 -280R - A |
1 - U587 - AL
- Y263 - ALG

> - U1112 - EMX & EMX1

Capacitors - YT Option - Pig. 17
1 - 1MR -V |
1 -~ 4MF - S

Jacks - YT Option - Fig. 17
4 - 248-type - EMDROP, EMLINE, TR,
- & TRl | -

Lamps - YT Option - Fig. 17
1 - 24 - EMAL

Reslstors --YTqution - Fig. 17
2 - 18AE - CR & CT

1 -~ 18F - CS
1 - 19RL - CU

1 - lgBH - CV
1 - 18BA - CW
1 - 19TL - ¢X

B.2  Removed
Capacltor -~ ¥YS Option - T - 4UMF Pig. 17

B.> Added - YU Option - Fig. 17
1 - 280-type Jack - A
1 - 15A lamp ~ A

C. CHANGES IN CIRCUIT REQUIREMENTS TABLES
OTHER THAN THOSE APPLYING TO ADDED OR
REMOVED APPARATUS

C.1 Page 4 "Insulate 47 relay under test"”
information added for relays D1 andD2
Figs. 12 and 15. -

C.2 ° Page 5 "Insulate 47 PG1" added for
relay FP1l. '

C.> Page 9 Uhder Block or Insulate for
relay OF3 previously read 3B(OFl),
now reads 37(0F1€. -

C.4 Page 11 Insulate 1B(LE) added for
- relay P5. |

C.5 Page 11 Under Test Clip Data, Conn
| Grd. for relay P6 previously read TF
TF(P6) now reads TR(P6).

C.6 Page 14 Insulate 2T(SP1) added for
relay SP1. | |

C.7 Page 16 Insulate 3T TANH added for
relay TANH.

C.8 Page 18 Under Block or Insulate for
relay Z previously read 1B(W) now
reads 1T(w¥. -

D. DESCRIPTION OF CIRCUIT CHANGES

D.1 To provide for testing outgoing four-
wire E&M lead signaling toll switch-

ing trunks, YT & YU option apparatus and

wiring and looping of leads at contacts of

EMAW relay is added in Fig. 17. The pre-

vious wiring 1s shown as ¥S option - rated

MFR. DISC.

D.11 In PFig. 17, YT wiring provides for

the use of the previously unused half
of C1DK key (MFU4W) as a class key (EMUW)
for the four-wire E&M lead trunk.

~ XIn Pig. G, sheet 0102, YT option pro-
vides for the use of the previously unused
half of C1G key (BAT) as a control key (EM)
for testing the E&M leads.

N Irn Fig. D, Sheet 0105, YT option pro-
vides & start ground thru the operated EMAW
key to start the test call.

| in Fig. 12, Sheet 0102, ¥YT option pro-
vides a locking ground for the AL relay YT
option Fig. 17. |

In Pig. 1, Sheet 0102, YT option ar-

ranges the tip and ring leads for testing.

D.2  Additional designations have been
added to the T, R, T1, & Rl lamps in

Fig. 17. The added designations are ON (for

called subscriber ON Hook) on the T and R
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lamps: and OFF (for called subscriber OFF
Hook).on the Tl and Rl lamps. This has e
done to facilitate testing both for the -
four-wire REV BAT trunks and for the four-

wire E&M lead trunk.

D.3 The added EMDROP, EMLINE, TR, and TRL

jacks are added to provlde test ac—
cess to the leads for voltmeter testing,
etc.

D.4 Cross connection Figs.'SI_& 54 have

been modified and Fig. 63 is added 1n
accordance with the changes on thls 1ssue.

All other headings_under Changes, no change.

1. PURPOSE OF CIRCUIT

1.1 This circuit provides meana for test-

ing the outgoing trunks 1in No. 5 and
tandem crossbar offices and the toll com-
pleting trunks in a No. % ep QA toll cross-
bar offlce.

In the No. 5 crossbar and No. 4 or

YA toll crossbar offices the trunk test
jacks are arranged so that Ehis test clr-
cult tests directly 1nt® ‘the 'tip and ring
jeads of the cable to the distanmt offlece.
It does not test the owtgoing trunmk relay
equipment except to de'temnine when the
trunk 1s 1ldle.

In the tandem crodsbar office, the
trunk test jack is a mulltiple of the office

‘secondary switch multiple and when outgo-

ing trunk relay equlpmefnt 1is provided 1t
will be tested. There ‘may be two crossbar
tandem outgoing trunk ‘test Jacks for trunks
with outgoing relay equlpment - one as
described above for crossbar tandem and a
second jack connected ‘to the cable side of
the outgoing trunk as‘:described above for
No. 5, 4 and 4A crossgbar offices. This
permits voltmeter ted¥s on the cable palir.

1.2 Provision is made for directing a
call over various types of trunks to &
test line in the distant office, using a
straightforward operation, revertive,
panel call indicator, multifrequency, and

dial or step-by=stép pulsing. -

In conjunction with the test line at
the distant office this circuit tests that
the trunk 1s capable of reaching a parti-
cular destination code or number and that
the ringlng or signaling circuit as well
as the supervision 1is functioning satls-

‘“factorily. This circuit may be used to

facilitate transmission testing of the
trunk by providing rapid means -6f direct-
ing the trunk to a transmission’ test line
in the distant office. et |
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Min. Ins. Res.

Max. Ext. Ckt. Loop Res. -

2. WORKING LIMITS

The limits for this circult are based
-on the following:

2;15 Taiking - Supérvisibn
280FG PB Relay

20-28V 45-50W
Max. Ext. Ckt.

Loop Res. 3,415 ohms 8,000 ohms
Min. Ins. Res, 30,000 ohms 30,000 ohms
280B SU, SUR Relgys -

Max. Ext. Loop 10,000 ohms
Min. Ins. Res, 30,000 ohms
S520 PBl Relay =

Max. Ext. Loop 3,600 ohms
Min. Ins. Res. 20,000 ohms

2.2 Revertive Pulsing

2.21 268A sTP, 280G OF Relays -~ Selections

Max. Ext. Ckt. Loop Res. - 3,350 ohms
Min. Ins. Res. 30,000 ohms

The trunk .shall not exceed 2900 ohms
or 32 miles .of cable.

Min Comp. Res. distant office -
900 ohms with L relay of_900 ohms or more

Min. Comp. Res. glatant office -
1200 ohms with L xelay of 650 ohms or less

2.22 B421 TG .;elay - Office and Long Trunk
Loop Test -

Max. Ext. Ckt. ‘Loop Res. - 12,780 ohms
30,000 ohms

2.23% B167 MIG relay - 24V trunks.

Max. Ext. Ckt. Loop Res. - 2,500 ohms
Min. Ins. Res. 30,000 ohms

2.5 Bh2l~CG-reldy - Panel Call
Indicator Trunks

20-28 Volts 45-50 volts
Max. ‘Ext. Ckt.

LoopiriRes. 10,000 ohms 20,000 ohms
Min. Ins.
"Res. 30,000 ohms 30,000 ohms

254 280B relay TR, TR1l, TT1l and TT -

L-wire MF Pulsing

5,900 ohms

Min. Ins. Res. 30,000 ohms
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“3; FUNCTIONS

3 01 Makes a busy test of the trunk
| patched for test and lights a busy
lamp BYl or BYZ2 when the trunk 1is buay

3,02 ‘Makes the trunk test busy (if it is
‘1dle when picked) by the operation

- of test key TST1 or TST2, voltmeter VMl or

_VM2 talking key'TLKl or'TLK2

3,03 Lights an off normal lamp ONl or ON2
o when the trunk 1s seized and made
- busy. | | |

3.04 Provides means for reversing the
supervisory polarity of the trunk
by operation of the R31 or RS2 keys.

5.05 Provides means for talking and supen~

vision on eilther T1 or T2 Jacks by
operation of the TILK1 or TLK2 keys. A
Recelver. "on hook" is indicated by a lighted
SUPl or SUP2 lamp.

3.06 Provides means for making voltmeter,

-~ ammeter, and foreign EMF tests on
~elther the tip or ring of the Trunk when
VMl or VM2 key. is operated.

3 061 When four-wire toll Switching trunks
with E&M lead signaling are provided,
provides access to the tip and ring leads
by means of the TR & TR1 Jacks and to the
E&M leads-drop side & line side by means of
the EMDROP and. EMLINE Jacks for E&M lead
trks." |

3.07 Provides eight ten button keys deslg—

nated Tan H, Tan T, Tan U, TH, H, T,
U and STA for controlling the automatic o
pulsing of the code and number of the called
line or Trunk. -

3, 08- Depending on the type of trunk under

test, a class key may be operated fox
revertive, panel call indicator, multi-
frequency, and dial pulsing trunks and ar-
range the circuit to function for that type
pulsing.

- 3 081 For revertive pulsing trunks the
T operation of the RP or RP and DOS

_ olaes keys together‘with the compensating

-'reaiatance keys arranges the circuit to:

) 3 0811 Apply an operate and non- operate
current flow test for incoming re-
lay L (panel)

s 3 0812 Apply an operate and, non-operate
|  current flow test for incoming re-
-'lay A. -

3. 0813 Apply a trunk.guard and overflow
| - test on RP and PCI trunks before
pulsing 13 started | | ,

b

3.0814 Check trunk polarity and blocks on
reorder, overflow, and tell tale

condition and causes lamp OFL to flash as

an 1nd1cation.

3.0815 When key MO is operated, check for

-~ momentary opens of the tip and ring
during test of supervisory relay and indi-
catesa trouble by lighting lamp MO.

3.0816 Flashes the,SDR.lamp'while pulsing
RP, PCI, MF, or DP call. |

3.0817 Extingulshes SDR lamp when pulsing
1s completed.

3.082 For panel call indicator pulsing

trunks operation of the PC1lD or PC1T
class keys together with the A RY OPR COMP
RES keys wlll arrange the circuit for test-
ing direct or tandem trunks.

'3.083 For straightforward trunks requiring

battery and ground start slgnal, oper-
ate keys BAT and TLKl or TLKZ.

3.084 Por straightforward trunks requiring
oX or 20 c¢cycle ringlng as a start

- 8ignal, operate the TST-STP key and the SX

or iR key, respectively.

3.085 For multifrequency pulsing trunks
operation of the zero TRK COMP RES |
key and the MF or MF and MF4YW or EMUW class
keys together with the A RY OPR COMP RES
keys will arrange the circuit for testing
two or four wire multifrequency trunks or

-fqur-wire_trunks with E&M lead signaling.

%.0851 Testing on a multifrequency basis.

3.0852 Check for WINK or DELAY DIAL start

pulsing signal.

3.0853 Outpulsing of 3 to 7 digits.

 3.0854 Testing of supervisory features of

tandem trunks used for handling
local traffic.

3.0855 Chcck polarity of trunk before and
during outpulsing. -

3.086 Provides means for out dial pulsing

~ on a loop basis into (A) local switch
train, (B) AB toll train, (C) incoming re-
peaters, (D) other two wire trunk circuits
such as SD-95000, (E) senders. Provides

means for resistance loop dial outpulsing
,1ato four wire repeater and trunk circults
'sych as SD-25490-01 or SD-25634-01. The

start of outpulsing may be delayed by the
operation of the dial tone DT key 1if 1t is
desired to check for dial tone. Provides
means for convertling loop dilal pulses to
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E&M 1ea.d siﬁnaling on E&M lead 211 switch-
ing trunks 4-wire dial pulsing SD-68514-01,

3.0861 Checks polarity of trunk before out-
pulsing and during interdigital
timing.

3, 0862 Checks for WINK, DELAY DIAL, DELAY
DIAL with STOP-GO, GO or GO wlth
STOP-GO start pulsing signal.

23,0863 Provide means for battery and ground
‘dial outpulsing for long loops re-

quiring 96 volts instead of 48 volts into:

A. Local switch train. B, AB Toll trailn.

C. Senders.

3 0864 Bridges the contacts of the pulse
generator across the trunk for puls-
1ng.

3.0865 Controls operation of pulse genera-
tor during delayed closure, out
pulsing, and interdigital timing.

3.0866 Waits for the start pulsing signal
after delayed closure time is com-
pleted. '

3 .0867 Controls the length of the inter-
~digital time for DP calls.

3.0868 Short circults the polar superisory
~ relays and repeat coil during DP
pulsing and interdigital timlng.

3.0869 Advances the diglt steering circult
during interdiglital time,

3.091 Provides means of testing incoming

trunks in the same office on a remote
control basis by means of a "belt line" to
the incoming trunk frames.

- -COMP_RES

3.092 Provides means of testing outgolng

trunks from another Crossbar No. 5
office in the same building on a remote con-
trol basis by means of a "tie 1line"” to the
master test frame.

3.093 Provides means of selecting the "belt
line" or "tie l1line" by means of the
BL or TL key.

3. 094 Provides means of testing auxiliary
outgoing dial trunks (No. 5 X Bar):
Including signaling forward, by passing
repeat coll during dialing. Restorling re-
peat coll after diallng for check on tones.

3 095 Provides means for supplying talking

battery to trunk under test so repalr-
man may communicate with the central office
from a pole or underground cable.

%.096 When key EM 1s operated, battery is
applied, to the line side of the "M"
lead and ground 1is applled to the dropsilde

of the "E" lead, thus providing a check on
these leads.

%.0961 Provides for checking the drop side

of the "M" lead by means of relays
T & TT1 and for checking the llne side of
the "E" lead by means of relay EL.

3.1 Test Frame Keys with Functlions

After the necessary patches are made,
the test is controlled by the manual opera-
tion of keys. The followlng i1s a 1list of
the keys used and the functions they
serve.

Purposé

LY

To control the advance of the test circult from the test frame

when the "belt 1line" or "tie line" 1s used.

To apply an ammeter test on the tip or ring of the trunk for re-

sistance to ground using 45-50 volts office battery thru 200 ohms .

Key

ADV Advance:

AM Ammeter:

ANO A Non-~-operate

To impose a non-operate current flow test on the trunk A relay,
(revertive pulse trunks).

A RY NON-OPR

A relay Non-operate Comp. Res.:

To control the value of the seriles compensating reslstance con-

500 4000 5000

nected in the trunk during the A relay non-operate current flow

1000 7000 #000 | test, (revertive pulse trunks)

Page U
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| Purpose

A RY Oper. Comp. Res.:

To control the value of the series compensating resistance con-

nected in the trunk during A relay operate current flow test,
(RP, DP, and MF pulse trunks). -

Battery:

To ¢lose battery and ground to a straightforward trunk arranged
for high-low or réverse high-low supervision:

Battery Ground Dial

To closé battery aﬁd-grOuﬂd to the tip and ring of a step~by4step-

trunk to aid the battéry and ground thru the windings of the
trunk relay and thus increase the dialing range by effectively
ralsing the trunk véltage to 90-100 volts.

Disconnect:

To réatore to normal the test equipment associated with test jack

Tl and T2 respectively.

Dlstaqthgficg.Selector

To prepare the test circuit for revertive pulse testing over a

trunk loop that includes a two-wire office selector or a crossbar
tandem trunk. |

Distant Office Selector Comp.:

To control the value in the selection compensating resistance in
an RP trunk when the trunk loop includes a two-wire office
selector or a crossbar tandem trunk.

- Didl Pulsing:

To prepare the test circuit, in part, for sending out the called

- number by means of automatic dial pulses.

Delay Pulse Loop:

To connect the SU and SUR Supervisory relays across the trunk
loop in order to recognize a "delay dial® signal and thus delay
the start of pulsing until the polarity of the t{runk changes.

Pial Tone:

To delay the start of automatic pulsing over trunks appearing at
the DSA switchboard until disl tone is heard in the head set.

E&M Leads

- Po close gréd to the "E" lead (drop side), and battery to the "M"

fead (1ine side) when testing 4 wire trunks with E&M lead signal-

ing.

E&¥ Four-wire

To prepare the test circuit for pulsing out the called number on

an MF (MP key operated) or DP (DP key operated) basls over Y-wire
Lrunks with E&M lead slgnaling. |

'_Egre;gh-Electromotive Force:

~To test a lead of a trunk for forelgn potential.

-Pagé 5
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Key Purpose

G Ground
To ground one trunk conductor and thus permit a metallic test of
the trunk by operating key MA, 1,000 or 20,000 ohms.

[

go Go:
To connect the SU and SUR supervisory relays across the trunk
loop to recognize a "go" start pulsing signal, (DP trunks).

HF High Filve:
To provide means for making channel check through the second unit
when incoming trunks are common two office units. (RP trunks).

 §5_ Key Release:

To release the operated register keys.

L Relay Non-operate Comp. Res.:

3§

To 1mpose a non-operate current flow test on the trunk L relay.
1000 2000 (RP trunks).
500 500
LPD - Loop Pulsing Dial:
~To short circuit the trunk loop without compensation during auto-
| matlc out dial pulsing.
LRD Loop Resistance Dial
‘To close a 1481 ohm bridge across the tip and ring of a step-by-
- 8tep trunk during automatic loop dial pulsing.
MP Multli-frequency:
To prepare the test circult for pulsing out the called number by
means of MF pulses,
MFL4W Multi-frequency 4-Wire
To prepare the test circult for pulsing out the called number when
the MF key is also operated, over a 4-wire trunk by means of MF
pulses
MO Mo@pntary;qug;
To detect a momentary open of the trunk supervision on RP or RCI
- calls.
NT1/NT2 No Test 1 and 2: .
To over-ride a plugged busy trunk associated with test jack Tl or
: | T2 respectlvely. %Crossbar tandem or #4 or 4A Toll Crossbar) -
; PCID/PCIT Panel Call Indicator Direct or Tandem:
To prepare the test circuit for transmitting call indicator
pulses over a direct PCL or a Tandem PCI trunk respectively.
. PRE OPR Preoperate A & L Relays:
" A&L RYS
| To apply a test for false Operation due to cable charge on the
| A & L RP trunk relays.
Rt Ringing *:

To apply 20 cycle ringing current to the trunk under test.




TAN U, TH, H,
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Purpose

Remote Control:

* Makes the use of the "Belt Line" or "Tie Line" effective.

‘Reverse:

 Po reverse the T and R leads of the trunk to the voltmeter and
ammeter. | | .
Repeater Incoming Comg._Beé. ~ 20,000 | -

To compensate for non-operate test of L relay in panel repeater
incoming trunks. ~ -

"Reverpive Pulse:

To prepare the test circuit for transmitting the called number by
" revertlve pulses. | :

Reverse Supervision 1 & 2

To reverse the T & R leads of the trunk connected to Jack T1 and
Jack T2 respectively. |

Straightforward

To test reverse battery supervision straightforward trunks that
require a ring start signal.

 -_StdE-G0:

To enable the test circuit to recognize a momentary reversal of
‘the trunk after dial pulsing has started, as a "stop" and "start"

~ pulsing signal rather than as a "reorder" signal.

Simplex Ringin 1

S1gr

"~ To apply simplex battery to the trunk under test.

Register Keys:

To record and prepare the test circuit for pulsing out the number

| depressed on the keys. The TAN H, T and U keys are used to record

the office code when testing PCI, DP and MF trunks to a dlstant
tandem office. The TAN U and T keys are also used to record the
office brush and office group selection to be made in a distant
office by RP pulsing.

Twenty-four Volts:

To prepare the test circuilt for making trunk test on RP trunks
which have 24 volts on the trunk A relay.
Trk. Comp,

 Res, Keys:

'To'control_the value of the series trunk compensatling resistance
in steps of 300 ohms from O to 3600 ohms. (Use Key O when test-
ing MF trunks to insure a strong pulse signal).

i

‘Talk 1 & =:

- Used on all straightforward trunks requiring battery and ground
start and to establish a talklng or holding circult over the
trunk patched to Jack T1 or T2 respectively.
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Purpose

To connect the test clrcult to the trunk patched to Jack Tl or

. Used to talk over an MFP, DP, RP, PCI or STFWD trunk that is

To connect the voltmeter circult to thg trunk patched to Jack

Key
TST1/TST2 Test 1 & 2: (Start key)
T2 respectively.
TTLK Test Talk:
under test.
VM1 /VM2 Voltmeter 1 & 2:
Tl or T2 respectively.
VM REV Voltmeter Reverse:

To féverse the voltmeter connections to the trunk patched to

Jack T1 or T2.

4., CONNECTING CIRCUITS

When this circuit is listed on a key

sheet the connecting information thereon 1s

to be followed.

4.01 Test and Make Busy Jacks SD-96376-01,
SD-68203-01 and SD-25762-01.

4,02 Test Circult for Testing Outgoing

k Trunks for Continuity and Reversals -

SD—96370-01

4.0% Office Link and Connector Circuit -
SD-25035-01.

4. o4 Distant Office Selector - SD-21733-0L.

4,05 Panel Incoming Selector such as
SD-21917-01.

4 .06 Crossbar Incoming Trunk such as
SD—25295—01.

L .07 Crossbar Tandem Incoming Trunk Re-

| peated Supervision - SD-25887-01.

4 .08 Tandem Call Indicator Trunk such as
ES-11573-01.

i,09 Télephone, Key and Lamp Circuilt -
SD-95524-01.

4.10 Interrupter Circuit - SD- 25742 01
and SD-25002 Ol.

4.11 Miscellaneous Circuilt - SD-95525-01.

4,12 Clock Circuit - SD-96343-01.

‘h.13 Tandem Overflow Trunk - SD-25442-01.

4.14 Tandem 0.G.T. to Central Desk Opera-
tor or to Officlal P.B.X. -

SD-21634-01.

4.15 Panel Tandem Announcement Trunk -
SD-21734- 01 | o
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4.16

L.17

4.18

Qutgoing Trunk Circuit Loop to CcX
signaling SD-95060-01.

Step-by-step Incoming Trunk Circuit
such as SD-31726-01.

Crossbar Tandem Outgoling Repeater
Circuit to SXS office, SD-25634-01,

(Requires Fig. 22 & YI option).

4.19

Crossbar—Tandem.Outgoing CX trunk to

SXS office - SD-25490-01, (Requires

Fig. 22 & YI option).

4,20

Toll Switching System No. 4A - TX or
Combined TX and Toll Swiltching Trunk

Circult - SD-68239-01.

4.21

Toll Switching System No. 4A - Toll
Switching Trunk Clrcuilt Dial, MF or

Straightforward - SD-68242-01.

4 .22

Toll Switching System.No. 4 - Toll
Switching Trunk Clrcuit to Crossbar

"No. 1, .Panel or Step-by-step Offlce Call

Announcer or P.C.I. to Manual Office -
SD-68326-01.

b.23

L. 24

.25

4 .26

Tandem Office Incoming Trunk Circuit,
4 wire - SD-25943-01.

Crcssbar Tandem - Misc. Circuit For
Tandem Trunk Frame - SD—25370-91.

Crossbar No. 5 - Misc. Relay Rack
Frame - SD-25781-01.

Crossbar No. 5 - Master Test Frame,
Jack, Key and Lamp Circult -

SD-25762-01.

b.27

4,28

- Circult,

Multi-frequency Current Supply and
Distribution Circuit - SD-95391-01

Tandem Office - 2 Way Toll Trunk
MF Pulsing - SD-27000-01,




- »
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JEC,TE.TC, 1T, TC, TV 1V, BTG, DY —
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4.31
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CD-954T6-01

_Tandem Office - 2-way Toll Trunk Cir-
?cuit Dial Pulsing - SD-2T7005-01.

Panel Sender Tandem.Trunk Circuit -

: SD-96189—@1

Crossbar No.-5

- Outgoing Dial Trunk -

- SD-26085-01 (Require Pig. 23).

4,32

433

MF - Pulsing - SD-68513-01 - Dial Pulsing -
'SD-68514-01 (Requires Fig. 17 &

TABLE

Crossbar No. 5 -Aux. Outgoing Trunk -
SD~26110-01

Toll Switching Swstem No.

4L - Toll

Switching Trunk - E&M lead Signaling

- SD-96398-01 .
OF CONTENTS

1. PURPOSE OF CIRCUIT
2. WORKING LIMITS

3. FPUNCTIONS

3.1

. *

OQRQOOO0QO
-ﬂgmgwmw

Test ¥rame Keys with

Functions -

. CONNECTING CIRCUITS
GENERAL METHOD OF OPERATION

Access of Trunks-

Tie Line

Belt Line
Straightfonward Trunks
PCI Trunks

Trunk Optlons

Key Operation Chart
forJTypical Cirﬁuits

6. DETAILED DESCRIPTION OF

OPERATION

6.023

-Busy Test Crobsbar |
Tandem, No ¥ & Wo. UA toll
- Busy Test, Crossbar No. 5

Trunk in Servicfe_,, TIX~- or
TST- Key Normal
Trunk in Service, TLK- or

TST- Key Operatzd

Trunk Made Busy with MB

- Plug

lr WO

Talking and Monitoring
‘Belt Line Operation =
Tie Line Operation

Ringing

.Disconnect'and Repeat Test
' SUPERVISION |

. Call to Test Line

Reverse Battery Supervision
Wet-dry Supervision
(Crossbar or Panel)

Wet~-dry Supervision

(Step-by- step)

YT option).
_h 34 <Crossbar - Aux. X ‘Sig. Trunk -

10

10
11
11
11
11
11

11
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.5 Strailghtforward Trunks

.51 Bridged Supervislon Trunks

.52 High-low Supervision Trunks

.53 Reverse High-low Supervision
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5. GENERAL METHOD OF QPERATION

5.01 Access to Trunks:

Thls test frame 1s manually connected
to a trunk.by means of patching cords at the
outgoing trunk test frame Jack bay. it is
used in testing incoming trunk relay equlp-
ment located in a distant office. Con-
nection to the trunk is made by means of
patching cords between the test circuit
test Jacks and the trunk cricuit jacks on
the Test and Make Busy Jack Bay.

5.011 Croisbar Tandem or Toll Crossbar No. 4§
or 4A

Pig. 12 1is provided for making busy
test on trunks. Test Jjack T1 or T2 is
patched to the trunk test jack to test |
either 2-wire trunks or Jjack T1 is patched
to the trunk test Jjack to test 4-wire trunks
(MF or DP pulsing) with E&M lead signaling.
The NT1 or NT2 key is provided so that-if
the trunk under test is plugged busy and if
1t 1s desired to override the busy, the

operation of the key will permit test on the
trunk. |

Fig. 18 is provided for 4-wire trunks
REV. BAT. SUPV. MP pulsing (such as
SD-25943-01) test Jacks T&R are patched to
the T&R Jacks of the trunk to be tested.

In addition to the T1 & T2 Jacks
Fig. 12, the S1 and S2 jacks of Fig. 22 are
provided for patching to outgoing trunks to

SXS or outgoing repeaters in Crossbar Tandem
Office.

5.012 Crossbar No. 5 Office

Figs. 13 and 14 are provided for making
busy test on trunks. Test Jjack Tl or T2 is
patched to the trunk test Jack. Make busy
Jacks MBl1 or MB2 Fig. 14 are patched to the
ftrunk MB Jack when it 1s desired to exclude
the master test frame which otherwise could
override the busy. In addition, it 1is
necessary to patch the MBl or MB2 Jack to
the trunk MB Jack when testing an outgoing
trunk such as SD-26085 which connects to an
auxiliary. trunk converter (MF loop to CX)

such as SD-27009, This patch holds the
auxiliary trunk. |

Fig. 23 1s also provided to test out-
going trunks which connect to an auxiliary
trunk converter (DP loop to CX) such as
SD-26110. 1In addition to the Tl or T2 and MAl or
MB2 patches described above, it is necessary
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» Co patch The 2l or D2 jack To the srank o operator 4T The distant switchbozrd to
E jaci Tnlig closes the dialing path batweesn Jdirect the 251l to the desired number.
g che test circult and the frunk under tass |
The operation of Key TSTI or TIT: 5.00 Truak Cptlons
closes the testing and pulsing cirecuit - . ﬁ ] ~
~dcross the Tiv and ring of a trunk that is l angm1n§ bTU?kS in a Crossugr No. 5 ,
patched to test jack Tl or T2, rezpectively vrossbar No. 4 or “A office must o€ arranged
This key serves as a test start key for re- SO “hat Whed can Serve the feveral Ql?*erf'
vertive, call indicator, dial. anc multi- ent types ol connecting offices. Opticnal
- freguency pulsing trunks and also for wiring 1s provlded in the trunks so that the
straight~forward trunks that dc no% reguire initial polarity of the trunk and the polar-
the closure of battery and ground as z start ity while awaliting subscriber answer may be
signal . | made the same or opposite dependlqg;upon
| whether an "on hook" or "=7f hook" initial
The TLXI or TLK2 key is overatec to hold  CLwik polarity ls required. Trunks from
or monitor on a connection already set up. oiiices requiringea “wink® start bulsing
When a connection is thus held the testing signal, stralghtforward, or revertive puls-
and pulsing equipment of the test circuit ng operation are wired for an initlal “on
is free for use in setting up a second con- hDOK_ ?run% polarity." Trunks fr0m1°€f1053
nection via the unused test jaek, T2 or T1. requiring “delay dial” or "dial tone" start
‘ o _ pulsing signals are wired for an initial
The TTLK key, when operated, permits "off hook" trunk polarity.
monitoring and talking over the completed
connection. When testing straight-forward _
trunks that require the closure of battery 5.07 Key Operation Chart for Typical Cir-
and ground as a start signal, operate the cuits ("ZL" Option)
TLX]l or TLK2 key in -addition to the BAT key.
5.02 Tile line: A detalled chart follows which 1lists
in a Crossbar No. 5 office the %tie the keys to be operated when test circuit

. H | 1 - .
line" extends the testing facilities associ- 18 equipped with "ZL" option. 1t will
ated with jack Tl of this test frame to the be noted that the TST- or TLK- key is

; ~master test frame of another office {(in the operated when testing. This key shall not
_ | same building) not equipped with a manual be operated until the trunk under test is
R . outgolng trunk test frame. This makes the patched ?rom the test and make busy Jack
R - ‘test frame .available by means of a patch at bay to - the test frame and all other keys
! = _tﬁeyma§tef~tést:fr&me,,for.teSting £ runk reguired to make the test are operated.
conductors and distant relay equipment,
outgoing from that office. The progress
of the test is controlled from the master Yhen trunks using "ZK" option and.
test frame by means of a 324 test set. having "Go” on "Delay Dial” start of
pulsing signal are tested and they appear
| at this circuit with battery on the Ring
>.05  Belt line for "off-hook" called subscriber super-
The "belt line"” extends the testing vision, the RS1 or RS2 key must be oper-
facllitles assoclated with Jack Tl of this ated. 1If the trunk has battery on the
test frame to all incoming trunk frames in Tip for "off-hook" called subscriber super-’
a Crossbar No. 5 or a Crossbar Tandem vision, the RSl or RS2 key must be operated
Office, The test frame is connect %o for testing trunks using the "wink" start
‘the individual trunk by patching the "belt (of multi-frequency or dial pulsing) signal
line" jack a‘, the 1ncoming trunk frame to and also when test calls are completed on
the T jack of the trunk to be tested. The a manual, P.C.I. or revertive basls. When
progress of the test 1is controlled from transferring from the pulsing supervisory
the incoming trunk frame by means of a circult (SU and SUR relays with TSUP lamp)
32A test set. | to the holdingsupﬁrvisory circuit (PB re-
| L | lay with SUP- lamp), the supervisory lam
5.04  Straightforward Trunks indications will ge reversed in the casep
Incoming trunks to toll, DSA and of trunks having "delay dial" on "go" start
manual switchboards arranged for reversed of pulsing signal. This may be corrected
battery, reverse high-low, or wet-dry by changing the position of the associated
supervision, or controlled start of ring- RS- key.
ing are tested by requesting the operator
at the distant swlitchhoard. to complete the |
call to the desired test line. Successful Trunks having "“Go with Dial Tone®
completion of a test call is indicated by start of pulsing signal shall be tested
observing the SUP~ or TSUP lamp on the out- in the normal manner «xcept that the TTLK
going trunk test frame, and DT keys shall be operated. The DT
S ' MR - Key shall be restored to normal after
>.05 PCI Trunk | | dial tone 1s received to start the cir-
Trunks to a pahel call indicator cult pu]_sj_ng_

positlion are tested by requesting the
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Typilcal
Circult Pulsing
SD-25887-01 D.P.
(Loop)
Assoc. D.P.

Co. -
SD-31841-01 D.P.
SD-25887-01 D.P.
SD-31241-01 D.P.
Sp-25887-01 - D.P.
Sp-25694-01
SD-68135-01 D.P.
SD-27005-01
SP-68230-01 M.F.
SD-27000-01 '
SD-25634-01 D.P.
SD-25490-01 (Reslst-

ance)
SD-3%0200-01 D.P.
(Batt. &
Grd. )
SD-25582-01 D.P.
(Batt. &
Grd.)

_ M.F.
$D-25887-01 (2~wire)
SD-25943-01 M.F.
SD-6820¢9-01 (4-wire)
SD-21116-01 R.C.

SPD-21735-01* RF Test Line
on Mualt. of
Distant Office
Selector

SD-21733-01* (RP Thru Dis-
tant) {Office
Selector)

¥hen SD-25887-01'is used as an RP or PCI trunk, it should be considtred O

13w PR TN LR W e E
’ - [ . St . .'1 .. ! N
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Start Pulse Man. OGT Appearance
Signal Patt. on T or R
Trunk Called Sub. Rec.
Normal Off Hook
Delay Dial R R
| T T
Delay Dial R R
- wilth
Stop~-Go T T
GO T R
R T
Dial Tone only T R
or GO with R T
Dlal Tone
GO - T R
wlth |
Stop-Go R T
Wink T R
R T
Winxg T R
(Delay Dial) 'R T
Wink T R
(Delay Dial) R T
. GO ' T R
Go T R
R T
Wink T R
R T
R R
Delay Dilal T T .
Wink T R
R T
‘Delay Dial T-R T-R
ink T1-R1 T-R
- T R
R T
R T
T R
T

- | R

(DOS) distant office selector.

Page 12

Keys Operated

" In Addition
To Compensation
And Register Keys

DP _’LPD,DPL ,TST"'DP b ]
LPD,DPL,RS-, TST-

DP,LPD, DPL »S-G0,
TST-
S GO RS"‘ ,TST-

DP,LPD,GO,TST-
DP,LPD, GO, RS-
TST-

pbp,LPD,GO,DT,TST-
DP,LPD,GO,DI‘ JRS-I
TST-

DP ,LPD,G’O,S"GO,
TST-
DP,LPD,G0,5~GO,
RS- ,TST~

DpP,LPD,TST-
DP,LPD,RS-,TST-

- DP,LPD,TST-

DP y LPD ,RS""’ ;TST-

MF ,TST-
MF ,RS-,TST-

pP,LRD,GO,TST-

DP jBGD » GO }TST"'
DP’BGD}GO ,RS'- [
TST-

DP ,BGD,TST-
DP ,BGD,RS-,TST-

MF ,DPL,TST-
MF,DPL,RS-,TST~
ME,TST-~

MF ,RS-,TST-

MF ,MEL4Y ,DFL, RS-,
TST- |

]"‘r‘lIl e
r‘i‘, [y vy el 7T

RP ,THT-
RP iz~

i i':ti 1
s Lol ]. -

DOS  HE-,T3T-

S DOS AT

RP,DOS,RS-,TST-

located at the
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Typical

- Start Pulse
Circuit Pulsing _Signail
SD-21733-01* (PCI Thru
Distant) _
(Office '
Selector)
ES-10423-01 PCI Direct | -
SD-21143-01 (PCI SDR. |
ES-11573-01 TDM) {or -
PCI TDM)
SD-12900-01  STFWD *
STFWD
SD-55872-01  STFWD
SD-68513-01  MF Delay Dial
(4-wire) Wink
| | (4-wire) 'Gg

Keys Operated
In. Addition
To Compensation
And Register Keys

Man. OQTl' Appearance
Batt. on T or R
Trunk Called Sub. Rec.

Normal Off Hook
0 R PCID,DOS,TST-~
R T PCID,DOS,RS- ,TST~
T R PCID,TST~
R T PCID,RS- ,TST-
T R PCIT,TST-
R T PCIT,RS- ,TST
T R STF,TST- ,TTIK
High Res-Dry Low Res-Dry BAT ,TLK-
DRY R RS- ,BAT ,TLK-
OPEN E " GRD E MF , EM4W ,T'ST~
OPEN E GRD E MF ,EM4W ,TST-
OPEN E GRD E DP ,EM4W,LPD,TST-
OPEN E GRD E DP,EM4W,L.PD,TST-
OPEN E GRD E DP ,EM4W ,LPD, GO ,TSI-

When SD-25887-01 is used as an RP or PCI trunk, it should be considered as located at the

(DOS) distant office selector,

=

6. DETAILED DESCRIPTION OF OPERATION
: 4 f ) |
6.01 Busy Test, Crossbar Tandem, Crossbar

No. 4 or 44 (Fig. 12 and Pig. 18
or 22). |

In describing the operation of this
test call it will be assumed that the T1
Jack 1s patched to the trunk to be tested
and all test frame keys are normal .

1f the trunk to be tested is not busy
when patched, the busy test feature will not
function until one of the following keys is
operated, TST1, VM1, or TLK1l. When one of
these keys 1s operated, it closes thru a
cilrcult to operate the BH1 relay. The BH1
relay will lock. TFhe BHl relay will light
the ON1 lamp, close a cireult for relay SRl
Lo operate and operate relay ON1. The ON1
relay 1s slow operate in order to allow
time for the slow release SR] relay to soak.

Operate key NT1 when testing a Cross-
bar Tandem or a Crogsbar No. & or 4A trunk
that is plugged busy if it is desired to
override the make busy plug. The operation
of key NIl closes an auxiliagy seircult for
operating relay ON1 thus overriding a busy
plug. When the ON1 relay operates 1t locks,
opens th: operate path of the SR1 relay,

tLhe

T T T p———— " e

puts a ground on the sleeve of the test

Jack to make the trynk busy, furnishes an
additional ground thru the normal contacts
of the SR1 relay to the ON1 lamp, and fur-
nishes a ground thru its locking contacts,
the contacts of the SRl relay normal, and
the BH1l relay operated to the ST lead of the
test circult. When the slow release SRl

has released it closes thru the ST ground
rom the locking contacts of the ON1 relay.

If the trunk connected is busy, re-
lay BYl and 7Bl wilil operate thru BY1l re-
lay secondary winding and thru relay ON1
normal to the busy ground on the sleeve
of the test Jack from the busy trunk. Re-
lay BY1l operated lights the BY1 lamp as
a busy trunk indication. Relay BH1 op-
erates from ground on the D1 relay normal.
Rc lay BH1 operated locks to the D1 relay
ground and lights the ON1 lamp. Should
the trunk become idle while still connected
Lo the test circuit, relays BYl and TB1
will release. The BYl lamp is extlnguished
when BY1 relay releases. Relay TBl1 released
operates relay SR1 thru relay BH1 operated
thru xelay ON1 normal. Relay SRl operates
the slow operate relay ON1 and prepares
circult to recoperate relay BYl over
primary winding. Relay ON1 operated,
closes ground thru relay SRl operated

its
a-.
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to operate relay BYl on its primary wind-
ing, b - opens the operate clircult of
relay SRl and ¢ - prepares the pusy ground.
Relay BY1l operated closes 1ts secondary
winding thru the winding of relay TEL to
the sleeveof the test Jack to miake z second
busy test. When the slow release SRl re-
lay 1s normal relay BY]l releases unless
there 18 busy ground on the sieeve. " Relay
ON1l willl lock to the D1l relay ground thru
relay TBl normal under thils condition.

The open interval on the sleeve from the
time relay BY]1l releases the {lrst time un-
t1l 1t releases the second time 1is to in-.
sure that any circult having a relay held
on the s8leeve will release before the busy
ground 1s connected. The trunk 1s made
busy by a ground from the front contacts
of the ONl1 relay when the BYl relay re-
leases.

6.02 Busy Test, Crossbar No. 5 (Figs. I,

13 & 14 and Fig. 23)

When trunks are tested in service,
the trunk T and MB Jjacks are patched to
this test circult Tl and MBl1 jacks re-
spectively, or to the T2 and MBZ2 Jacks
respectively. Thls arrangement allows
the busy test clrcult to make the trunk
busy to servlce calls and to test calls.

When trunks are tested which are
make busy with an MB plug due to trouble,
only the T Jack of the trunk 1s patched
to the T1 jack or the T2 Jjack of the test
circult. Thls arrangement allows the
Master Test Frame to pick the trunk while
this test circult 1s making a test on the
same trunk and cause 1nterference.

The followlng description assumes
that the T and MB Jjacks are patched to
the Tl and MBl1 Jacks respectively for the
trunk 1n service test or that the T Jack
1s patched to the Tl jack for the trunk
plugged busy.

6.021 Trunk in Service, TLK- or TST- Key
Normal

When the TLK1l or TS8T1 key 1s normal
the BHl1 relay will be normal and 1f the
trunk 1is busy, the BTl relay will not
operate since the sleeve will be open.,
When the trunk becomes 1dle the BY'l re-
lay willl operate to the ground on the S
lead. The BT1 relay operated wlll, opon
the ground used to operate the TB1l rclay,
close the TN3 (Fig. I) relay to the TNR

.. lead to operate in serles with a relay

in the trunk and, in turn, coperate relay
TN1 which willl close part of the operate
path for the ONl relay. The TNl relay
operated wlll extingulsh the BY1l lamp

and close part of the SKI relay operatc
path. When the TLK] or TST1 key in PFipg, 1
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is operated, the BH1 relay willl operate
and complete a path to operate relay SR1
and ciose an additional ground toc light
the ON1 lamp. The BHl1 relay locks to
ground on the D1l relay ncrmal contacts.
When SRl relay operates 1t opens the ST
lead and closes the operate path for the
Ol relay. The ONl relay 1s a slow op-~
erace relay to allow time for the SRl re-
iay to soak. When the ON1l relay is op-
erated 1t locks, opens the operate path
of SR1 relay which starts to release, and
provldes an additlonal ground to the ON1
lamp. When the SR1 relay has released

1t closes ground thru the locking con-
tacts of the ONl1 relay to the ST lead to
Fig. 1.

6.022 Trunk 1n Service, TLK- or TST-
Operated

When the TLK1 or TST1 key 1s operated
the BH1 relay wlll operate. The BH1l relay
operated will lock to grcund on D1 relay,
close part of the ST lead path, light the
CNl lamp, cperates the TBl relay if the
trurk 1l busy, and close 1n part the path
to opcrate the SRl relay.

wh-n the trunk becomes idle the BT1
relay will cperate to ground on the S lead
ci the trunk via the T, T1l, or MBl Jack
and patching cord of the remote control
feature. The BT1 relay operated will,
release the TBl relay, close the winding
of the TNY relay, Flg. 1, to the TNR lead
to operaty In serles with a relay in the
trurk, make the trunk busy to all calls
and close 1n part the operate path for the
ON1l relay. The TN3 relay operates the TN1
reiay. When the TNl relay operates it will
extinguish the BY1l lamp and close part of
the SRl relay operate path. When the TB1
relay releases it closes the path to op-
erate the SRl relay. When the SR1 relay
operates 1t opens the path to the 3T lead
and closes a path to operate the ONl re-
lay. The ON1l relay operated will lock,
open the operate path of the SR1, which
will start to release and provide an addi-
tlonal ground to the ON1 lamp. When the
SR1 relay releaces it closes thru the
ground from the locking contacts of the
ONl relay to the ST lead to Fig. 1.

6.023 Trunk Made Busy with MB Plug

When a trunk that has been made busy
with an MB plug is to be tested, the T1
Jack 1 patched to the T jack of the trunk.
“he busy test 1s made sinllar to that made
for trunks in service except that the TM3
rclay operates to a (00 ohm battery thiu
the normal contacts of the Bl relay. The
circult opcrations are simllar to those
deseribed in Paras. 6.021 & 6.022. The
trunk belng tested, however, may be seized
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©.05 Talking and Monitoring

The @ TLE (vest talk) key should, in
general, be used for talking and monitoring
or: ary EyDﬁ'Of Trunk except a straightfior-
ward trunk that reguires the test circuis
to ullﬁit-batuury and ground to signal the

distant operaztor. On sucn trunk keys BAT
an¢ TLK- should bes operated instead of Key
T YTLh-. It 13 not necessary to releasc
the I TLK Hey betweern calla. I it Is |
desired to establisikr a taiking connection

to a2 distant point using one of the test
cords for ciose supervision in finding a
Lroubie in a tTrunk under test, a connection
may be established by using the directing
keys and one of the test cords. Then after
the connection 1s established the TILK- key
associated wilth that test cord is operated
to hold the connection and permit talking
by the OGT test man through the TLK re-
peat coil. The PB polar relay bridge is
across the tip and ring of the trunk. The
use of the sender directing keys, TST re-
peat coil, SU and SUR supervisory relays
may be used with the other test cord in
setting up a connection for test purposes.

'6.O#I'BeltLine Operation

. The belt line is. used when tests are
to be made on trunks incoming from other
offices, referred on account of trouble.
A belt line 1is provided per office enabling
one test frame to test trunks incoming to a
number of offices on a remote control basis.
The proper office 1s selected by means of -
placing a make busy plug in the BL Jack of
the Fig, 21 associated with that office.
Supervisory, monitoring, and recycling
facllities are arranged so that the at-
tendant may control the test from the
trunk frame or the OQT test board.

The TST, RC-1 and TEL-1 jacks and

- the SUPV lamp appear on ‘alternate trunk

" frames. The T Jack of the trunk to be
used in establishing the call is patched
to Jack TST. If control is to be from the
trunk frame, a 32A test set 1s connected
to Jack RC 1 and a teleplione headset to
Jack TEL 1. At the OGT test frame keys
are operated in accordance with the test
to be made. Operate the RC key, Fig. 19,
This will operate relay BL of Fig. 21 and
extend the TST and RC Jacks and the SUPY
lamp to the OGT test board. Test advance
‘and disconnection are under control of the
32A test set or ADV and DISC 1 keys of
the OGT test board. Momentary operation
of the white key of the 32A test set or
ADV key of the OGT will operate the RC1
and RC2 relays, Fig. 19. The operation

of thve ROZ2 relay will operate the TST 1 re-
L&V =Znt cause the circuit to test as ex-
nlained whernr a trunk 1s patched to the T
Jack. Relayv RCZ2 also starts the busy test

featlure normally controlled by the TST 1

- Koy and operatves the BTl relay of Fig. 127

thru relay BL.. Reiay R{Cl1 in addition to
extending the tip and ring to the test
circuit also connects the telephone cir-
cuit to the pelt iine.

when Ttwo or rmore belt lirnies or tie
lines are proviced or any combination 01
belt lines or tie lines, option ZI and/cr
ZE shall be provided. To select & parti-
cular belt line or tie line insert & makes
pusy piug intoc the associated BL or MT
jac..

0.05 Tie Line Operation

in a multi-office building where only
one of the offices 1s equipped with a Man-
nal OGT €est frame, the testing facilities
of The frame can be extended via the tise
line to the Master Test Frame of another
office and thus made available at the
other office for testing the associated
trunks.

When using the tle line the test
frame functions in the same manner as when
using the belt llne with the exception of
the TST Jjack which is not provided at the
master test frame. The T and MB jacks at
the master test frame are extensions of
the T1 and MBl Jacks respectively, at the
OGT test frame. This T-jack 1s patched
to the T Jjack of the trunk to be tested,
thus extendlng the trunk over the tile
line to OGT test frame. The MB-jack is
patched to the MB of the trunk to be
tested. A make busy plug may be used
Instead of this patch. Operate the RC
key. This key operates the MT relay 1in
Fig. 20, which closes the supervisory
8ignal and the test advance circuits,
1t also transfers the make busy paths to
the control of the tie l1ine. Insert a
make busy plug into the MT' Jack associated
with the particular tie line to be used.
The leads to the make busy Jack, Fig. 14,
are opened by the operation of the tie
line relay, TL, and extended to the master
test frame where they terminate in a make
busy Jack.

6.006 Ringing

| The test clrcult 1s arranged so that
continuous machine ringing may be applled

to the trunk by operating the R key.
Simplex Ringing may be applied by the op-
eration of the SX key. When testing ring
start stralghtforward type t runks operate
Key STF before operatling the TST- key then

operate Key SX or Rt to signal the operator.

 _Page 15

-




CD-95476-01 - ISSUE 8-D

6.07 Disconnection and Repeat Test

The call may be disconnected by re-
leasing the various keys operated for the
call and then operating the DISC- key.

To make a repeat test on a cord operate
the DISC- key and hold 1t operated until
the ON lamp is extinguished then release
the key. The circuit will then repeat the
test set up on the test frame keys,

7. SUPERVISION
7.1 Call to Test Line

Test calls are normally directed to
test lines beyond the trunk under test.
This, in general, provides & test of the
ringing feature, 1f provided, and also the
supervisory features of the trunk. The
supervisory lamp is lighted when the called
subscriber's receiver is "on hcok" thus
providing a dark lamp for the receiver Yoff
hook" condition except as noted below under
wet dry supervision. These tesl lines
usually provide called subscriber flashing
of a known pattern 8o that a check 1is made
of the supervisory feature. Frequently a
busy line is called for a more rapid test
or calls may be made to switchmen for
special tests. 1In each case the lighted
SUP lamp indicates the called subscriber
has not answered,

7.2 Reverse Battery Supervision - .

Most trunks are arranged for reverse
battery supervision and a lighted T SUP
(Test Supervisory), SUP1 or SUF2 lamp in-
dicates that the called subscriber has not

answered.

1.5 Wet-Dry Supervision, Crossabar oOr
Panel

There are a few trunks which provide

battery and ground over the tip and ring
as long as the called subscriber's recelver
is "on hook". Battery 1s then removed from
the trunk as a dry condition when the called
subscriber's receiver is "off hook". When
a revertive pulse trunk having wet-dry
supervision is tested the connectlion 1is,
established in the usual manner and any
of the T SUP, SUPl, or SUPZ lamps used
will give the normal supervision. How-
ever, there 1s no assurance from this
that the trunk 1s not a reverse battery
trunk since the supervisory relay re-
leases on open cor dry circults Just as
it does on reverse battery. The trunk
may be checked for this dry condltlon

»by operating the RS- key after the con-
nection 1s established 1f the key was
normal when setting up the call, or vice
versa. The supervisory lamp would under
this condition be dark for both "on hook"
and "off hook" unless there 1s a reversal
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of current since the polarized relay would
never operate to light the lamp, operation
of the 1listening key (T TLK or TLK) would

"give an indication that the flashing was

continuing.

7.4 Wet-dry Supervision, Step-by-step

When testing a step-by-step dial
.trunk having wet-dry supervision, the con-
nection 1is set up using the dial pulsing
and the GO class keys. The T SUP lamp
would remain lighted for both "on hook"
and off hook conditions since the T SUP
lamp 1s lighted under control of a back
contact of the SU supervision relay. With
the operation of the RS- key, 1f it were
normal while establishing the call or vice
versa, the. T SUP lamp would be dark for
"on hook"™ and lighted for "off hook". If
instead of operating the RS- key the TIK-~
key had been operated after the flashing
condition was established the SUP- would

have flashed with a dark lamp for "off hook"

as described above for revertive pulsing
wet-dry trunk.

7.5 Straightforward Trunks -

When testing stralghtforward trunks
that requlre closure of battery and ground
from the test clrcult to signal the distant
operator, operate Keys BAT and TLK- after
the trunk is patched to the test jacks.
When the busy test has functioned and the
trunk is idle, the TLK- relay will cperate
and close the tip and ring of the trunk
thru the TLK repeat coil to the winding of
the PB relay. The FPB relay 1s a polarized
relay arranged in the circult to operate
with battery on the tip of the test Jack
and the RS- key normal. The PB relay will
operate 1in series with the trunk A relay
wHen the TLK- relay operates and light
the SUP- lamp. When the distant operator
answers, the trunk reverses its battery
and ground and the PB relay releases ex-
tinguishing the SUP- lamp. |

When testing straightforward trunks
that require "ring start" or that do not
require the closure of battery and ground
from the test circuilt to signal the distant
operator operate Keys T TLK and TST- after
the trunk is patched to the test frame.

When the busy test has functioned and the
trunk 1s ldie the TST- and T TLK relays will
operate and close the tip and ring of the
trunk thru the TRK COMP RES Keys, TST re-
peat coll, A REL OPR COMP RES Keys to bridge
the windings of relay SU and SUR across the
trunk for polarity and supervision tests.

‘7.51 Bridged Supervision Trunks (Fig. G)

When 1t is deslred to test a bridged
supervision trunk operate the BAT and the
TLK- Key after the trunk 1s patched to the
fest Jjack. When the busy test has func-
tioned and the trunk 1s idle the TLK- relay
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coll to the winding off ‘relay: PBl.. Reday @
TLK- also -closes a crrcult for-1ighting
lamp- SUP-. Rélay- PBY: will not operate -in
series with thHe bridged supervision :trunk -
relay until fthei distai-operator anawers .
the call theréby 'closing: a low:resistance -
bridge arcind one windinhg of the. trunk
relay. The operation, of relay PBl ex—
tinguishes thé .SUP- lamp. This lamp re-
11ghto when the operaﬁor dioconneCta;_.

7. 52 High~Lom Supervibsion Trunks (1#13 G) -
Operate: Keys BAR® and TLK- after the

trunk 1s pdatched to thée test frame. Re-

lay PBl will not operdate when testing a-
high low ‘supemvision trunk until the.-
distant: operator answers ' the-call and
thereby*sﬁuﬁts out the ‘high winding of-
the trunk relay. When the operator dis- -
connects ,y the shunt 1s removed, relay PBi
releases and lights the SUP- lamp as -‘an
"on hook" signal -

7 53 Reverse Htghﬁlow Supervision*Trunka
. (Pigi -G) -

There are a few trunks that present
a dry bridge when seized. These.trunks
reqtire the operation.of tha BAT and TLK-
keys in order to signal the operator.
The SUP- lamp lights when. the TIK- Key
1s operated. When thé operator answers

- the'dry bridge 1is replaced by battery
- and ground-and the SUP- lamp is extin--

guished. If the batterny. is closed: to.
the ring and ground to- the tip.of the
trunk, operate the RS~ key to- extinguish
the SUP- 1amps

8. _VOLTMETER,TEST

The following test procedure appiies
to both four-wire ags-well as to two-wire
trunks. However, whenh teoting four-wire
trunks, Jack Tl is patched to Jack T, R,

- or TR, TR1 EMLINE. s or ’ENDROP of the- trunk

depending upon the cable pailr under test.
These tests on four-wire trunks. are. made-
from jack TI1 only. The cilrcuit dees not
provido-meanotfor making these test: from
Jack T2. |

8}l, Preparation

The ftrunk to be: tested is patched to
the test Jjack and the VM1 key is operated
to make a voltmeter test of: the trunik.
When the busy test has functioned: and: the

trunk is 1dle the VML relayswill operate
| ‘and close thru the trunk to- the voltmeter
- and voltmeter test keé.;s.

8.2 ' Tip and Ring Test

| With only the VMl key oporated the
100-volt test battery fhriy. the 100,000 ohms

A

| will operate relay BAT" which closes tuo“bip
- and ring -of the: trunk-thru the TLK repeat |

reslstance of- the voltmeter 1s connected
to the ring of the test Jack. Tb test
the tip the REV key: is. operated in addi-
tion to the VMl key. With the VMl and.
REV keys operated the 100 volt test bat-
tery thrmu the 100,000. ohms resistance of
the voltmeter is connected. to. the tip of:-
the test Jack.. The voltmeter needle .de-
flection 1is read on the 120 volt scale.

8.3 Test for Foreign Battery

To test for-foreign grounded negative
battery on the ringside of the trunk, keys
FEMF and @ are operated. To test for for-
elgn. grounded- positive battery on  the ring-
alde of the. trunk keys FEMF, VM REV and G.
are operated. Tests for forelgn grounded
battery on. the: tipside of the trunk are
made with the reverse key REV- operated.
Tests for metallic battery _having its
negative: side comnected. to tne ringside

- of the trunk are made by operating key

FEMF. Test for foreign metallic battery
having 1ts positive side connectioned to
the ringside of the.trunk are made by

operating keys FEMP and VM REV .

8.4 Tests for Short-circuits and Re-
sistance

Phie test for short-circuits may be

- made by operating G key. If the trunk is

short-aircuited and free from.ground the
voltmeber needle will show a deflection
whlch will be unchanged when the REV key
is operated. The. lower the. resistance

- of the short-circuited trunk, the greater

will be: the deflection. Hith the 20,000
ohm or. the 1000 ohm key operated 20 volt

- test bhattery through the 20,000 ohms or

1000 ohms meter resistance 13 connected

to the ring lead and with the AM key op-
erated the 45-50 volt office battery
through 200 ohms and the meter is con-
nected to the ring lead. To make metallic
tests the G key should be operated in addi-
tion to the desired voltmeter range kKey or
AM key. The resistance to ground or loop
reslistance may be read directly from the
curves: of circuit Note 303. The point of
interseetion of a. line corresponding to

the observed meter deflection and the
curve: carrespending to the meter range in
use gives the resultant external resistance
to ground or loop resistance in ohms. As
seen frem the curves, more accurate read-
ings of resistance are obtained by using
the 100,000 ohm range for resistances above
10,000 ohms, the 20,000 ohm range for re-
s&ﬁ@ances between 2000 and 200,000 ohms,
the 1000 ohm range for resistances between
100 and 10,000 ohms and the milligmmeter
range for r-oaistaneas below 2000  ohms.
There 1s capsiderable overlap of- these
ranges permitting the accurate reading of
resistances from below 20 ohms to over 1
megohms. The value of resistance may also

- be computed when using the voltmoter ranges
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by multiplying the difference between the
test battery voltage and the voltmeter |
reading by the resistance in serles with
the voltmeter and dividing by the volt-
meter reading. When using the MA scale
the resistance may be computed by multl-
plying the milliammeter reading by 203,
subtracting from the test voltage the
dividing by the milllammeter readlng.

8.5 Cable Capaclty Test

This test may be made to determine
the approximate capaclty of an open trunk.
To make this test, operate keys G and REV.
As the REV key 1s operated to and fro the
needle of the voltmeter moves at a fairly
uniform rate of speed to indicate the
charge and discharge of the cable.

9. TRANSMISSION TEST

9.1 TwWo-wire Trunks or Four-wlre E&M lLead
Trunks

The transmission test circult (such
as the 12B) 1s patched between the test
circult T1 Jjack and the T Jack of the
crossbar tandem trunk to be tested. The
call 1s then made as described 1in par.
11.06. The transmission measurements are
made when the c¢all has terminated on the
test line.

9.2 Four-wire Trunk (REV BAT SUPV)

Connection to the trunk and a busy
test of the trunk are made 1n the regular
manner as described under paragraph 13.013.
The-T1, T, Rl, and R lamp signals 1indicate
the polarity of the trunk under test.
Transmisslon and balance tests can be made
over each palr of the four-wire tandem
trunks by the use of the 12B or similar
transmission test set. The plug of the
sending cord is inserted in Jack TT1l and
the plug of the receiving cord 1s 1nserted
In Jack TT2 1f a test 1s to be made on the
"TI" and "R1" pair. This order 1s reversed
if the test 18 to be made on the "T* and
"R" pair.

10. MOMENTARY OPEN TEST ("YL"™ option)

This test 18 made on revertlve pulse
and call 1ndicator type trunks only amnd 1is
not intended for use on other trunks.

Operate the MO key and direct the call
to an incoming trunk test line. When the
MO relay 1s closed 1nto the fundamental
clrcult after pulsing has been completed,
1t operates in series wlth the polar super=-
. visory relays and in turn operates the MOl
" relay. The MOl relay operates the MO2 re-
lay. Relay MO3 18 held stmunted to the ,
ground which operates MO2 rclay. The in-
coming cilrculit should advance and ringing
should start. The 1ncomlng trunk test
line, to which the incoming 18 connected,

tests the ringing, tripplng and supervislon.
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The ringing induction may be checked with

the telephone eet by operating the T TIK
key 1n Flg. 1. After the ringing 1s trip-
ped, the incoming advances to 1its talking
position and an interrupter i1n the test llne
clrcult operates and releases the incoming
S relay; the reversing relay in the trunk
should follow the flashes, reversing the
current thru the SU relay whlch should fol-
low the flashes and in turn flash the TSUP
lamp. During the time the flashing test is
being made, should an open or short circuilt
occur long enough to release the MO, MOl,
and MO2 relays, relay MO3 whlch was shunted
wlll operate. The MO3 lights the MO lamp
as an 1ndication of failure.

11. TESTING REVERTIVE PULSE TRUNKS

11.01 Preparation

Operate the RP class key, depress the
called number on the Reglster keys and
operate the required trunk compensation
keys. The trunk compensating keys are ar-
ranged to cut-in one step of 250 ohms and
then cut-in 300 ohm steps up to 3600 ohms.

If the call 1s to be routed through
a distant offlce, operate the DOS key

Fig. B and depress the desired distant
office brush and group on the TAN T and
TAN U keys respectively Flg. 2, also op-
erate the DOS COMP keys. The DOS key
closes a path, in part, to operate the
DOS relay which lnserts the DOS COMP re-
sistance into the T and R leads. The DOS
COMP keys are arranged to cut-in resist-
ance in steps of 300 ohms up to 1200 ohms.

Operate the ANO key Fig. 3 to make an
A relay non-operate test. Operate the PRE
OPR A & L RYS key to make the A & L relay
false operate test on cable charge. To make

~the A & L relay tests operate the A RY NON-
OPR. COMP & L RY NON-OPR COMP key as required.

The L RY NON-OPR RES keys and the A RY NON-
OPR RES keys are arranged to cut-lin reslist-
ance 1n steps of 500 ohms up to 5500 ohms
for L relay NON-QOPR test and up to 12 500
ohms for the A relay NON-OPR test.

Patch the trunk test jack to the test
clrcult test Jack and operate the TST1 key
Fig. 1. With the Register Keys in Fig. 2
depressed the revertive pulse leads from
Fig. 5 are closed to control the 1B, IG,
FB, FPT, and FU pulses., The pulses for dis-
tant office brush and group, as 1lndicated
by the depressed TAN T and TAN U keys, are
pulsed out ahead of* the ‘puises for incoming
and final selections.

When the trunk 1s 1dle and the busy
test circult has functioned (See Par. 6.01
and 6.02) the operated TST1 key will close
ground over lead ST to Fig. 3 and the opera-
ted TST1 relay will close ground from Flg.D

qQver lead TSTG to Flgs. 3, 4 and 5.

With the BP key operated, the opera-
tion of the TST1 relay operates, Z1 option,
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relay RP which, in turn, extends the ST
lead ground to operate relay STR.

11.02 Start of Call

When the busy test ecircuilt has fune-
tioned and found the trunk idle it closes
ground to the ST lead to Fig. 3. The ground
on the ST lead eperates the STR relay, under
control of relay TST- and RP operated, with
ZH option. Option "ZH" is required when
Filgs. A and E (or C) are furnished. ‘Option
"ZI" 18 required wheri Figs. A and D are
furnished and relay RPCI operates under
control of relay RP. With Figs. B and D
and ZI option thé operation of relay TST-
closes ground through key DO operated to
operate relay RPCI which, in turn, (a) op-
erates relay STR, (b) closes ground for op-
erating the No. 5 Crossbar timing inter-
rupter and (c¢) closes a éircuit for contrel-
ling the TSUP lamp. On RP and PCI calls re-
lay RPCI is operated under control of relay
RP, PCId or PCIt operated using ZI option.
Relay STR operated,
ground through the normal terminal of arc
> RS switch to operate and lock relay ST1,
(b) supplies a ground to lock the Cl relay,
Fig. 5 and (c) suppliés ground to the ANO,
Pre. Opr. A&%L RY, RP and DOS Key for use in
causing the RS selector to pass by on cer-
tain terminals if the keys are normal, (d)
Supplies battery to theé winding of the OF2

Relay OF2 operated
supplies ground to thé armature of the STP
relay thru relay OF3 rormal. Relay ST1 op-
erated, (a) closes its lock circuit to re-
lay STR operated, (b) closes ground, thra
arc 6 RS switeh normal terminal to the RS
switch magnet thru its interrupter contact
causing it to step to terminal 1, (¢) partly
closes the "FT" and "FR" leads, (d) closes
the "AV" lead to the AV relay contacts for
later SDR interrupter causing the SDR lamp
to flash at 120 IPM while selections are
being made, (f) opens thé switch return to
normal ground and (g} closes a lock ground
for relay AV.

11.03 Prunk Test, Distant Office
Figures B and D with ZI Option

In this ease the operated DOS class
key and the proper DOS COMP, TAN T and TAN
U keys willl have been ogeérated prior to the
opération of the ST relay explained above.
Thé RS which will be in position 1 as a re-
sult of the operation of the ST1 relay.
Ground from arc 3 terminals 1 to 5 Wwill op-
erate relay POS thru the BOS key operated.
Rélay DOS operated, (a) closés in part the
fundamental circuit thru the DOS COMP RES
keys and resistanee, (b) operiates relay FO2
from ground thru arc 1 RS switch, (c) pre-
pares the operate eircuit of ¥elay FS (a)
supplies ground to move the RS switch off
térfinals 18 and 19 on revertive pulse calls
th*u a distant office, (e) arranged the cir-
cuit so that the TG relay will be used on

(a) closes a path from '

office test regardless of how the TFV key
is operated. Relay F02 operated, (a) closes
the lock circult from the counting relays,
(b) closes ground thru arc 4 of the- RS
switch to 1ts magnet energizing 1t, (c) pre-
pares circuits for opérating or holding the
OF2 relay and for operating the O relay fiom
OF2 operated on overflow and telltale con-
ditions, (d) closes the fundamental for dis-
tant office test. The fundamental circuit
1s as follows: "FT" lead thru relay ST1 op-
erated thru relay DOS operated thru the DOS
COMP keysand resistances thru the FO2 relay
operated thru relay IA and FS normal thru
the D high resistance thru relay DOS op-
erated thru the TG relay winding thru relay
ST1 operated to the "FR" lead. Under this
condition relay TG operates to the distant
office trunk relay battéry and ground. The
distant office trunk relay should not. op-
erate under this condition. Relay TG op-
€rates relay TGl which in turn closes ground
thru relay OF normal to operate the 0, BO
and FO relays in a series parallel circult.
Relay FO operated, causes the slow release
FO1 and FO3 relays to operate which opens
the operate circuit of relay FO2 causing it
to release and open the fundamental to re-
lease the TG relays. Relay F0O2 released, -
opens the locking circuit of the counting
relays and allows theé RS switch to step to
terminal 2. The release of relays FO2 and
TGl will cause the 0; BO and FO and FOl re-
lays to release. Relays FOl, FO3 and FO2
are made slow release to insure enough time
between selection (minimum time required is
100 milliseconds. )

11.04 Brush Selection, Distant Office
RS Switch Terminal 2

Relay DOS holds and relay FS operates
on 1ts secondary winding from ground on arc
1, when the RS switch reaches terminal 2.
Relay RS operated, (a) connects ground to
operaté relay FO2 thru relay FO3 normal (b)
closes ground to the armature of relay OF
for use on overflow etc., (c) closes the
non-induétive secondary winding of relay
OF around its primary winding to provide
a better revertive pulsing circuit, and (d)
closes the "FT" lead thru the windings of
relay STP thru the BO and FOl relays nor-
mal thru the "PRI" and "TER" windings of
relay OF in parallel thru relay ST1 opera-
ted to the "FR" lead. Under this condition
relay STP operates in series with and causes
the trunk L relay in the distant office
selector to operate. Relay STP operated
clsfes ground from relay OF2 operated
thru relay OF3 normal thru arc 5 termi-

nal 2 of RS switch thru the operated TAN T

key to the corresponding counting ¥elay,
causing it to operate. Relay FQO2 operated
completes the fundamental circuit and
energizes the RS selector magnet thru arc 4.
The operation of the distant offic trunk L
relay will cause the selector to advance and
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| make brush selection during;thﬁnﬁf%Qess qf 1Th§13$_qqitch will be moved fraﬂli_i
which ground pulses willfb?;pﬁg@éq;paqk to’ terminals ﬂ F0j18 as follows: (a) gﬂpuﬁa _

| the STP relay causing it:tﬁlfélééggfaﬁd' from STR relay operated 1s supplied to move

| reoperate, operating théjddﬁﬁﬂiﬂgiﬂglayg switch RS from terminals 4 to 73ﬁhpu_argT6}

' in sequence until the_Bq;i?"iFOIré1§YE'are (b) the RS switch ' is moved off terminals 7
operated. The operation of relay BO opéns to 12 and 15 by the STR relay ground. thru-
the fundamental to reledsé thé distant office the RP relay n9rmal@’£b),thé RS switch 1s”
trunk L relay as angiﬁg;ﬁathén'thaﬁgﬂﬁé; moved off terminals 13 and'1l4 by the STR
sender is satisfiled. Reldy FO operated,” op- ground thru the (Pre. Opr.- A & yjHXS)fkey'
erates the slow release reélay FO1 which normal, (d) off terminal 16 thru the ANO
further opens the fuﬁﬁéﬁé@ﬁé" and operates and Pre. Opr. A & L Rys Keys normal,> and'
relay FO3. Relay FO3, operdted releaBes’ (e) off terminal 17 by the STR grounq:thru
relay FO2 which still’f@féﬁér.dpgns“ﬁhgf PCID and PCIT keys normal in figure 5'dver
fundamental, releasé8 thé coliiting reélays, leads "STG" and "KG". On ternminal 19 the
and allows the RS éﬁitcﬁi‘éfstep to termi- DOS relay operates. The DOS remains’ gper-
nal 3. Relay FO releabédd, réleases thé slow  ated over this same circuit on terminals 18
release relays FOI'éﬁdxgbfjﬁﬁich al16Ws re- and 19. Relay DUS operated (a)fparFIyTCloses
lay F02 to reoperate. the fundamental &thd (b) closes ground: from

N arc 1 - RS swiftch to operaté relay FO2 thru
11.05 Group Selectischn, Distant Office - the CK and FO3 relays riormal. THe furida-
RS Switch Term. 3 mental circult 1's traced from the "PT" lead
- L | from Fig. 1 thiu the ST1 relay operated thru
‘ Relay DOS and FS rémains operated on the DOS relay operated thru the office
terminal 3 of the RS switéh and as soon as compenisating resistance thru relay FO2 oper-
the slow release F02 re&fdy is operated it ated thru relays IA and F3 normal thru the
again energizes the RS Switch magnet over TG resistance thru relay DOS operatad thru
the path previously described, closés the the winding of feldy TG thru relay ST1 to .
fundamental and the counting relay locking the "FR" lead to' Fig. I1,, Relay FO2 operated
circuits. The closure of the fundamental also closés the lock c¢ircuit for the count-
by the F02 relay will again cause the dis- ing relays and energizes the RS magnet thru
tant office trunk L relay to operate for arc U4 of the RS switch.. Relay TG operates
group selection. The STP relay also operates 1in the fundamental circuit either to the
as in brush selection and operates the test line L relay battery and ground or to
counting relay corresponding to the TAN U reverse battery from the distant office
key operated thru arc 5 terminal > of the selector in case it 1s at overflow. The test
RS switch. The STP relay releases and line L relay wlll not operate in this cir-
reoperates from the shunt pulses passes cuit to the high resistance of the TG cir-
"back by the distant office during selection cuit. Relay TG operates relay TGl. Relay
causing the counting relays to operate in TGl operated operates the 0, BO and ¥0O re-
sequence until the BO and FO relays operate. lays in series parallel. Relay FO operated
Relay BQ as explained before opens the operates relays FOl and FO). Relay FO3
fundamental to release the distant office L operated releases the slow release FO2

relay as an indication that the sender 1is relay. Relay FO2 released, (a) opens the
satisfied. Relay FO operates relay FOl which  lock circult for the 0, BO and FO relays

in turn operates relay FO5 which releases allowing them to release 1if relay TGl 1s re-
relay FO02. Relay F02 released releases the leased, (b) causes the RS switch to step to
counting relays and causes the RS switch to terminal 19, (c) opens the fundamental.

step to terminal 4., Relays DOS and FS re- _ Relay FO released releases the slow release
lease as the RS switch leaves terminal 5. FO1 and FO3 relays.

Relay FO released allows the slow release

FOl1 and FO3 relays to release. When RS 11.07 Overflow Check, Terminal 19

switch reaches terminal 4 ground from STR .

relay is closed thru arc 6 of RS switch to Ground from arc 1 operates relay FS
advance the switch to terminal 5. This same on its secondary winding thru the DOS relay
ground 1s closed thru terminals 5 and 6 of operated. Ground from relay FS operated -
arc 6 of RS switch to advance the RSswitch operates relay FO02. Relay FS also transfers
to terminal 7. . | the fundamental circult from the TG relay

circuit to the STP and OF relay circult and
closes the non-inductive winding of relay
OF around its primary winding. Relay FOZ2
operated completes the fundamental circult
as follows: "PT" lead, from Fig. 1 thru -
relay ST1 operated thru the DOS relay opera-
ted thru the proper office compensating
resistance thru relay F02 operated thru
relay IA normal thru relay FS operated thru
relay STP winding thiru relay BO normal thru
relay KOl normal thiu the primary and

11.06 Test Line Trunk Test, Distant
Office - RS switch Term. 108

The TAN T and TAN U keys are operated
for office brush and group selection to
direct the call to a test line. The only

* class key operated 1s the DOS key, the RS
switch will advance to terminal !l as the
office test, office brush and office group
selectlons are made. ST
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tertiary windings of the OF relay in paral-
lel to the FR lead thru relay ST1 operated
to Fig. 1. 1In case the office test line

‘has been selected relay ST¥P will operate in

series with the test line L relay also
causing 1t to operate. Relay STP operated
operates relay TGl thru arc 5 of the RS .
Relay TGl operated closes ground

thru relay OF normal to operate the 0, BO,

and FO relays in series parallel. Relay BO
operated opens the fundamental which re-

~leases the STP relay and the test line L

relay. Relay FO operated operates relays.
POl and FO3 which releases relay F02. Relay
STP released starts the release of slow

i The release of relay

FO2 allows the O, BO, and FO relays to re-
lease if relays TGl 1is released and causes
the RS switeh to step to terminal 20. Relay
FS releases as soon as Terminal 19 is passed.
As soon as the RS switch reaches terminal 20
ground from arc 1l operates relay av. Relay

AV operated, (a) locks to the ST1 relay

operated, (b) transfer the winding of the
STP relay to battery thru resistance CA and
direct ground to condition it for future
use, (c% lights the SDR lamp steady, and (d)
closes the "AV" lead from Fig. 1 to the con-
tact of the STP relay. The STP relay oper-
ates in this circuit and operates the TL
relay in Fig. 1 which causes the ST and ST1
relays to release which in turn causes the
revertive pulsing and steering unit to
restore to normal, |

overflow is the same thru TG test$pqgifion

as on regular operation and the RS switch
advances to the next selection position to
check for overflow.

11.08 Test Line Overflow, Distant Office -
RS Switch Term. 19

In this case the fundamental is closed
thru the STP and OF relay windings in series
and the overflow reverse battery operates
both relays. Relay STP operated operates
relay TGl as explained in paragraphs 11.06
and 11.07 and relay OF opens the ground to
TGl relay used to operate the O, BO and FO
relays. Relay OF locks to relay FS operated
and operates relay OF1 thru the IA relay
Relay OF1 @perated, _
Ssupplementing ground on the RS magnet to
hold it operated, (b) starts, the release. of
slow release relay OF2, (¢) supplies a |
ground to relay RO2 for use in operating and
locking relay OF3 later, (d) closes the OF1
interrupter in part to the OFL lamp and (e)
closes the OF relay logk groupd: te the IA1L
relay causing it to operate. Relay IAl op-
érated closes ground from relay OF2 operated
thru the relay OF3 normal thru relay STP
operated to the 0 counting relay. ' As soon as
the slow release OF2 relay is noemmal the
clrcuit to the O. counting relay thru the STP
relay is opened which will allow the BQ and
FO relays to Operate. . Relay BO operated
opens the funndamental and reclay- ¥Q operated
relay FOl. FHelay FOl operated (a) operates

relay FO3,
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Relay FO3 operated releases the slow release
FO2 relay. Relay FO3 released further opens
the fundamental and opens the locking ground
of relays O, BO and FO andoperates the OF3
pelay from ground on relay OFl1 operated,
Relay OF3 operated, (a) removes ground from
the armature of relay FO, (b) opens the
emergency operate circuit for the O, BO,

and FO relays used when the TFV key is oper-
ated, (c) locks to the OF1 relay operated,
(@) closes the winding of relay OF2 thru the
FO2 relay normal to ground on relay OF1
operated causing it to operate and (e)
extends ground fromthe front contact of re-
lay: OF2 to a make contact of relay FO2 for
operating relay O when relay FO2 operates.
The release of relay FO will allow the slow
release FOl relay to release. Relay FO1
released releases the slow releases FO3 re-
lay which will reclose the FO2 relay’'s oper-

ate circuit causing it to reoperate and again

¢lose the fundamental circult. Relay FO2
operated, {a) closes the lock circuit for
the counting relays, (b) closes ground from
relay OF2 operated to relay O causing it to
operate and (c) releases the slow release
OF2 relay. Relay OF2 released removes the
shunt from the BO and FO relays causing
them to operate. Relay BO operated opens
the fundamental. Relay OF2 released closes
the interrupter thru the OFl, OF2 and OF3
operated to the OFL lamp. On the first
chosure of the fundamental the polary relay
in the distant office operated. The opera-
tion of relay BO opens the fundamental which
cayses the polar relay in the distant office
to release. This operation and release of
the polar relay will cause the distant of-
flee to advance for trunk closure. The next
closure of the fundamental when relay FQ2
reoperates will cause the distant office
3elector to make trunk closure so that it
will return to normal when the fundamental
1s- opened the second time. The test cirecuit
blocks with the RS switch on terminal 19
under this condition with the OFL lamp
Flaghing as an indication of the overflow
condition.

11.09 Regulapr Selector Overflow, Distant
Office

In this case the RS switch will be on
terminal 7 or 17 depending upon which type
of* connection 1is under test. In the case of
the condition where the RS relay is on
terminal 7 the TG test 1is made the same as
on a regular call and the RS switch is
advanced to terminal 8 which is the next
Selection position. In this rosition the
OF and STP relays operate from the reverse
battery. Relay OF operatles rclays OF1 and
IA)l. Relay IAl closes the O counting relay
to the STP relay contacrt causing it to. oper-
ate from ground on relay Opr operated thru
relay OF3 normal und closcs ground from re-
lay- OF3% normal ir key Ti'V is operated to
provide an operate circult for relays BO and
FO-1n case 8TP is not operated long enough.
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Relay OFl operated releases slow release
OF2 relay whlch opens the ground from the
STP relay contact to allow the BO and FO
relays to operate. Relay BO opens the
fundamental and relay FO operates relay FOl
which operates relay FO3 which in turn re-
leases relay FO2. Relay FO2 released re-
leases the countlng relays and operates
relay OF5. Relay OF3 operated looks to re-
lay OF1l operated and closes ground from
relay OFl operated thru relay FO02 normal to

- operate relay OF2. Relay FO released re-

leases relay FOl which releases relay FOJ.
Relay FO3 released allows relay FO2 to re-
operate. Relay FO2 operated closes ground
from relay OF2 operated to operate relay 0
and start the release of the slow release
OF2 relay. When relay OF2 1s normal the
shunt 1s removed from the BO and FO relays
causing them to operate and open the funda-
mental, The distant offlce selector ogpera-
tion 18 the same as explalned 1n paragraph
11.08. Under this condition the test cir-
cult will block with the OFL lamp flashlng.
When the DISC-1 key in Fig. 1 1s operated
the STR relay will release releasing the
other operated relays and cause the RS
switch to return to normal. If the distant
office selector goes to overflow on a call
to a call indlcator trunk the RS swltch willl
be on terminal 17. In thls case the over-
flow check 1s made in the call indicator
pulsing and steering circult, Figure 5,

11.10 Telltale, Distant Office

The test circuit function the same in
thls case as on an overflow. The distant
office does not, however, wailt for trunk
closure. The second closure made by the
test clrcult should be finlshed in thils case
before the office selector 1s normal.

11.11 Trunk Test, Incoming Selector

When the RS switeh 1s on termlinal 7,
the RPl relay will operate from ground on
the operated contacts of the STR relay, thru
are 5 of the RS switch, thru operated con-
tacts of the RP relay, normal contacts of
the DOS relay (Filg. BS to battery on the
RP1 relay winding. Relay RP1 operated, (a)
suppllies ground for operating relay IG 1if
one of the H numerical keys, 5, 6, 7, 8 or 9
are operated, (b) partly closes the "PFT" lead,
(¢c) closes in part circuilts to the windings
of relay FS, (d) closes in part circuits
for operating the LO, LNO, ANO and IA relays
and (e) closes circuit for operating relay
FO2 thru relays FO03 and CK normal from
ground on arc 1 terminal 7 of RS switch.

The operation of relay F02, (a) completes
the fundamental circult traced from T of
the test Jack Flg. 1 thru VMl relay normal,

*RS1 key, TLK1l relay normal, TST1 key oper-

ated, trunks comp keys operated. TL relay
normal over lead "FT" to Fig. 3 thru relay
STl operated thru relay RP1 operated thru
relays ANX, LNO, CK.and LO normal thru re-
lay FO2 operated thru relays IA and FS .
normal thru resistance TG thru the DOS relay

F Ciry 2 2

-

normal thru the TFV key thru either the TG
or MI'G relay thru the 8T1 relay, "FR" lead
to Fig. 1, TL relay normal trunk comp kKeys
operated, TST1 relay operated, TLK1l relay
normal RSl key normal, VMl relay normal, to
R of test Jack, (b) supplies a locking
ground for the counting relays, and (c)
energizes the RS switch magnet thru arc 4.
Under this condlition the TG or MI'G relay
operates depending upon the position of the
TFV key. Relay: TG or MTG operated will
operate relay TGl. Relay TGl operated will
operate relays 0, BO and FO thru the OF
relay normal. Relay FO operated operates
relay FOl and FO3 which releases the FO2
relay. The release of relay FO2 will, (a)
open the fundamental causing the TG relays
to release, (b) open the locking ground of
the countling relays so they can release -as
soon as relay TGl 1s released, and (c) allow

the gnergized RS switch to step to terml-
nal &,

11.12 Trunk Test, 24 Volt Incoming Trunk
Relays

If the TFV key 18 operated the MTG
trunk guard relay willl be used during trunk
test. Thls relay has a non-operate require-
ment which prevents 1lts operation on a trunk
which has twenty-four volts on the trunk A.
relay. Thls key also closes the emergency
path to counting relays requlred on incom-
ings having short reverse battery periods.

11.15 Brush Selection, Incoming RS Switch
Term. 8

With the RS switch on terminal 8 and
the RPl relay operated a circult 1s closed
from ground on arc 1 of switch RS to oper-
ate relay FS on 1ts secondary winding. Re-
lay FS operated, (a) shunts the non-
inductive winding of the OF relay around
1ts primary windlng to facilitate reveprtive
pulsing, (b) transfers the fundamental from
the TG resistance and relay, to the STP and
OF relay circuit and (c¢) operates the FO2
relay thru the FO) relay normal. Relay FO2
operated, (a) closes ground to lock the
counting relays, (b) completes the funda-
mental circuit for pulsing, (c) energizes
the RS magnet thru arc 4 of the RS switch.
The STP relay operates in thls circuit in
series with the lncoming L relay panel in-
coming or the A relay on crossbar lncoming
trunks. After the trunk A relay operates

the circult 1s functioned to substitute the.
terminating sender L relay for the trunk A

relay in crossbar offices. The STP operated
operates a counting relay from ground on
relay OF2 operated thru relay OF3 normal
thru arc 5 of RS switch and the operated TH
numerical regilster key. The STP relay is
released and reoperated operating the count-
ing relays as the panel incomlng selector
make brush selection, or as the crossbar

terminating sender reglsters the information.

The operatlion of the BO reliay opens the
fundamental as an indicatlon that sufficient
pulses have been scnt for the selection

_— o - " ——tm 4= 4
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desired and the FO
the P01l relayv. Re
the FO3 relay. lay FOZ operated relsases
tne slow release FOZ relay. Relay FO2
released allows the ' RS switch to step to
terminal $ ang releaseg”the'operated”coupt—-
ing relays. Relay FO released allows ths’
s1low release FOl and FO3 relays to release.

relay operated operates
218y FOL cperated operates
3 S

R
R

(L

- 11.14 Group Selection, Incoming RS Switch
Term. @ o o o 3

| When relay FO?> is released from the
previous operation, reélay FO2 will reoper-
ate, the RP1 and FS relays being operateéd
to close the fundamental for incomihg group
selection. This selection is made the same
as incoming brush exéept that términal 9
and the contacts of fhe IG relay are in-
cluded in thé'cbﬁntiﬁg7cifcuit; The IG pre-
lay being operated or normal depending upon
which key in the hundreés H numerical regis-
ter keys is operated. "The BO and FO relays
operate as béfore opening the fundamental’”
and causing the FOl1 and F03 rela¥s to opér-

ate and relay FO2 to rélease which moves’
the RS switch to terminal 10. 1If the TFV
key is opérated relay DF operates in paral-
lel with the primary winding of relay FS -
thru arc 1 and the RPl relay operated. Re-
lay FS hold§ or reoperates under this condi -
tion. Relay DF closes a path thru the DF"
and DF1 resistance (25,500 ohms) dcross ‘the
fundamental under control of the slow re-
lease FO3 relay operdted. This path is
‘necessary to dischargé the fundamental cable
loop before final brush seléction and must
be closed a minimum of 50 milliseconds.  If
1t 1s desired to increasé the incoming group
Sselection pulses by five, operaté the HF = ©
key. This key 1s operated only when testing
troubles on incoming trunks common to two
office units and a channel check is required
on the second unit. =~ N -

11.15 Brush Selection, Final-RS Switch
Prush Se! > Final-RS Swite

When the slow release FO3 relay is
again normal the fundamental dischiarge path

18 opened and relay FO2 reoperates to
energize the RS switch magnet and closes

the fundamental for the fihal brush seélec-
tlon, Final brush selection is made the
same as lncoming brush Selection except

that terminal 10 of ape™ 5 of the RS switch
and the H numerical régister keys from the |
counting relay circult.” The cdunting relays
and BO and FO operate, as explaiped before

- operating relays FOl andiggé'éauhing'relay
FO2 to releasé and ~advante’ the RS switch

to terminal 11, T o

11.16 Tens Selection Final-BS§ Switch
Term. 11 ~—~— ~ ° el

made. Relay FS holding circult is again
transferred to 1ts secondary winding. Relay
FO2 reoperates fo close the fundamental angd

On terminal 11 final tens selection is

- BO and FO.

energizes the RE switeh masret., The count-
ing relay circult in this zace inciudes
terminal 11 arc 5 of the ES switer and the
T tens row of numerical register key. The
release of relay FOZ, after the counting
relay function i1s compleste, allowvug the
switeh to advance to terminal 172,
11.17 Units Selection Finai-{RS:
Term. 12

Switch

-

- Relay F02 reoperates as soon as the
slow release F0O3 relay is normal. to start
final units selectionn. In this seliection
the counting relay circuit 1s taru terminal
21 of arc 5 RS switch and the U units row
of numerical reglster keys. At the comple-
tion of the selection the operaticn of relay
FO operates relay FOl and FG> which in turn
releases relay F02 Lhe same ias stated for
the other selection. Relay F0O2 released
releases the counting relays and allows the
RS switch to step to terminal 13,

11.18 Overflow or Telltale, Incoming
| Selector RS Switch Term. &, 9 or 10

During selections reversed battery may
be recelived due to an overflow or telltale.
Under these conditions the OF relay which is
in serles with the STP relay will operate.
The OF relay operated (a) locks to ground on
relay FS operated and operates the OFl relay
thru relay IA the slow release OF2 relay,
(b) operates relay IAl from ground thru re-

~lay OF operated, (c) supplies a ground for

holding the RS switch, (d) closes in part

the OFL interrupter to the OFL lamp and (e)
supplies a ground relay F02 for operating and
locking relay OF3. Relay IAl operates closes
the O counting relay to the STP relay con-
tact causing relay O to operate if STP relay
1s not operated long enough and closes a
ground from relay OF3 normal thru the TFV
key operated for operating the BO and FO
relays. (This is for incomings having only
one position reverse battery periods. The
STP opgrated prevents the operation of relays
B ls In case the STP relay was oper-
ated long enough to operate relay O then its
release when the fundamental is opened at
the sglector will allow relays BO and FO to
operate. On distant office overflow or tell-
tale the fundamental will not be opened, the
release of the slow release OF2 relay,
started by the operation of relay OF1 will
remove the shunt from the BO and FO relays
allowing them to operate. Relay BO operated
opens the fundamental. Relay FO operated
Operates relay FOl which in turn operates
relay FO03. Relay F03 operated will release
the slow release relay FO2 which causes relay
OF% to operate. The release of relay FO2
willl also cause the counting relays to re-
léase. Relay OF3 operated, -(a) locks direct
to relay OF1 operated, (b) closes ground to
hold or reoperate the slow release OF2 relay,
(c) transfers the front contact of relay OF2

from the armature of relay STP to a make

contact of relay FDQ,'(d)'erns the ground
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from the armature of relay FO to prevent
operating relay FOl on 1lts next operation
and (e) prepares a path to flash the OF1
lamp. The release of relays F0Ol and FO)
cause relay F02 to reoperate and close the
fundamental as a trunk closure signal to

the incoming attached. Relay FO2 also closed
ground from relay OF2 operated thru relay
OF3 operated to the O relay operating it and
releasing the slow release OF2 relay. (Min.
200 milliseconds.) Relay OF2 released opens
the shunit frem the BO and FO relays allow-
ing them to operate. Relay BO operated
opens the fundamental. The circult will
block 1in this position with the OFL lamp
flashing as an indicating signal. The
operation of the DISC 1 key in Fig. 1 will
cause the test circult and lncomling to re-
store to normal.

11.19 Test L’ Relay for False Operation on
Cable Charge, Battery Cut-0ff
Incoming-RS Switch - Term. 13

Since thils test applles dlrectly to
the panel battery cut-off lncoming trunk
the call must be set up on the trunk
directly and not thru a distant office. The
test circuit 1s prepared as described 1in
paragraph 11.01 with the DOS key normal and
the PRE OPR L & A RYS key operated. When
the busy test clrcult functlons and the
trunk becomes 1dle the RS switch will
advance to terminal 7. The call will then
proceed as described in paragraph 11.11 to
paragraph 11.17. When the RS switch reaches
terminal 3 on a test call to a panel incom-
'ing selector relay LR operates thru the RP1
relay (held operated with the (PRE. OPER. A
& L. RYS) key operated) thru relay FO1
normal. Relay LR operated locks to the same
ground by passed around relay FOl1 and (a)
opens the fundamental circuit, (b) closes
the CK relay winding thru its continuity
springs to the make contact on relay FO1
thru relay FS normal, (c) closes in part a
clrcult thru the LNO resistance and ANO
‘resistance (enough resistance should be keyed
into the circult to prevent a weak L relay
from operatlng falsely on the check condi-
tion) for later use in checking for a false
cperation of the L relay in the incoming
trunk, (d) closes a ground for locking
relay CK, (e) closes ground thru relay CK
normal to operate relay FO2 which closes
the counting relay locking circuit, (f)
closes ground to the armature of relay FO1
for use in operating relay CK later, (g)
closes the OFL interrupter thru the CK relay
normal to the number 4 counting relay, for
use in timing the test interval and (h)
closes a supplementary ground over lead '"ST1"
to the No, 5 Crossbar Interrupter Circuit
"zS" option. The operate circult of relay
IC 1s carried thru relay FO1l normal to pre-
vent a false operatlion of relay CK due to
the slow release of relay FOl after final
units selectlion. Under thls condition the
fundamental being open in this circuit, the
I. relay of the panel incoming advance causing
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-~ the CH relay winding.

the cable to be charged thru the L relay
windling. The OFL interrupter operates
counting relays, 4, 4*', 3, 3', 2, 2, 1, 1",
O, BO and FO. Durlng thls time 1interval the
incoming and flnal selectors advance and the
L relay in the incomlng is connected to the
fundamental for lncoming switch to advance
to trunk closure posltion falsely. The
operation of relay FO operates relay FOl.
Relay FOl operates relay CK. Relay CK oper-
ated, (a) locks to relay LO, (b) closes the
"FT" lead thru the winding of relay CH thru
the LNO resistance thru the ANO resistance
to the "FT" lead,gc)'opens the OLF inter-
rupter circult, (d) releases the F02 relay
and (e) closes a supplementary ground over
lead "ST1" to the No. 5 Crossbar Interrupter
Circult, "ZS" option. Relay FO2 released,
releases the counting relays lncluding relay
FO which starts the release of the slow re-
lease FQ1 relay. If the L relay operated
and advanced the incoming falsely the test
circult will block 1n this positlon. If the
L relay did not operate falsely the current
thru the winding of polar relay CH will
cause it to operate (Grd. Tip & Bat. Ring.).
Relay CH operated closes the ground thru
relay F0Ol operated to operate relay CK thru
the ANO relay normal to the magnet of the RS
swltch causing it to energize. When the
slow release FOl relay 1s released the RS
switch will step to terminal 14, When the
RS swiltch leaves terminal 15 relay IR re-
leases and releases relay CK.

11.20 Incoming Selector, Nonoperate Test
of L Relay, RS Switch Term. 14

This test 1s made only when connected
directly to the panel incoming. With the
RS switch on terminal 14 ground from arc 1
wlll operate the LNO relay thru the RP1l re-
lay operated thru the FO1 and CK relays
normal. Relay LNO operated locks to the
same ground by passed ground relays FOl and
CK and, (a) closes ground thru relay CK
normal to operate relay F02, (b) closes
ground to the FOl relay for operating relay
CK, (c¢) closes the FT lead thru relay ST1
separated thru the RF1l relay operated thru
the ANX relay normal thru LNO operated, thru
the winding of relay CH through the LNO
resistances, thru LNO relay operated - -thru
the winding of relay CH through the LNO
resistances, thru LNO relay operated to the
"FR" lead thru the ST1 relay operated, Ed;
closed ground forlocking the CK relay, (e
closed in part the circuit for operati
relay CK thru its continulty contacts,n%f)
closed the OFL interrupter thru the CK re-
Jay normal to number 5 counting relays and
(g) closes a supplementary ground over lead
ST1 to the No. 5 Crossbar Interrupter Clr-
cuit, "ZS" option. The L relay of the panel
incomling selector is given a2 nonoperate
test in its 1lncomlng advance positlon over
the "PT" and "FR" lead bridge which includes
The OFL interrupter
operates number 5 counting relay on 1ts
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first make period after relay LNO operates
and operates the prime relay on its first
open period. The baiance of the counting
relays 2 to O are operated on subsequent
Interruptions of OFL interrupter. This

time covers one sequence switch start in

the lncoming selector plus misc. other re-
lay times. Relay BC znd FO are the last

of the counters to operate. Relay FO oper-
ates relay FOl1. Relay FOl operated closes
ground thru the LNO relay operated to the

Ck relay causling it to operate, and thru

the CH relay 1if operated to the RS switch
magnet causing it to energize. The CH
polar relay will be operated if the I relay
remained normal during the nonoperate test.
(Grd. Tip and Bat. Ring of Trk.). If,
however, the L relay had operated during the
nonoperate current interval the incoming
wlll be advanced to trunk closure position
where the current thru the CH relay winding
wlll be reversed causing it to remain
normal. With the CH relay normal the path
to energlze the RS switch is open and the
circuit blocks. Relay CK operated releases
relay FO2 and opens the OFL interrupter
¢lrcult. Prior to this test the proper L
relay nonoperate compensating resistance
Keys should be operated to 1limit the current
thru the L relay as near as possible to its
nonoperate test value. Key RICR-20000 is
used to compensate for the repeating incom-
ing selector L relay nonoperate except where
the L relay 1s required to operate, in
incoming advance position, in parallel with
2 noninductive shunt. In case tests are
made of repeating incoming selectors using
minimum trunk compensation, the L relay non-
operate test shall be omitted.

11.2) Incoming Advance-RS Switch
Term. 15

When the RS switch reaches terminal

15 relay IA operates from ground on arc 1
thru the RPl relay operated. Relay IA
operated, (a) comnects ground thru relays
FO3 and CK normal to operate relay F02, (b)
closes the FT lead thru relay RP1 operated
thru relays ANX, LNO, CK and LR normal thru
relay FO2 operated, AV relay normal thru
the windings of relay STP AV relay normal
thru the BO relay normal thru relay FO1
normal thru the "PRI" and "TER" windings
of relay OF in parallel to FR lead thru re-
lay ST1 operated, (c) prepares the operate
circult of relay IAl, (d) supplies a lock
ground for relay OF and (e) closes the

Ter." winding of OF relay in parallel with
its "PRI." winding. The incoming L relay
and the STP and OF relay operate in this
‘reversed battery fundamental circult. The
operation of theincoming L relay causes the
incoming to advance to the trunk closure
position, Relay OF operated locks to relay
TA operated and operates the IAl relay.

Relay T&1 operated closes the zround fronm
OF2 operated thnru relay OF3 normzl thru Sne
STP relay cperated to the (¢ counting relaxw,
and closes ground from relay OF> normal thru
the TFV key operated for operating the RO
and FO relays if the STP '1s not operated long
enough to operate relay 0. This path is
only needed on incoming trunks that gilve =
short reverse battery period and is under
control of the TFV Key. The IAl relay has

a sequence contact arrangement which insures
that the ground thru the STP relay will
close first. When relay STP releases due

to the fundamental being opened at the in-
coming as it advances to trunk closure the
shunt is removed from the B0Q and FO relays,
allowing them to operate. Relay BO opens
the fundamental circult and relay FO operated
operates relay FOl and FO3. Relay F0O3 oper-
ated reieases relay FO02. Relay FOZ .released
holds the fundamental open, allows the RS
switch which was energized when FO2 operated
to step to terminal 16.

11.22 Test of A Relay for False Operation
Battery Cut-0ff Incoming. RS Switch -
Term. 16

This test 1s made only when the test
circuit is connected directly to this in-
coming. With the RS switch on terminal 16
a ground 1s closed thru relay RPl held oper-
ated, thru relay FOl normal to operate relay
ANO. Relay ANO operated, (a) locks to its
operate ground by passing around relay FOl,
(b) operates relay ANX (c) opens in part
the O relays locking circult leaving it
under control of 8 relay, (d) closes ground
from relay FO2 operated to the armature of
relay CH, (d) closes the contact of relay
CH toc 9 counting relay and (e) opens the
circult between the contact of 8' and the
armature of 7' relay. Relay ANX operated
(a) closes ground thru the F03 and CK relay
normal to operate relay F02, (b) closes the
"FT" lead thru relay ST1 operated thru relay
RP1l operated thru the ANO resistances thru
the LNO resistances thru the windings of
relay CH to the ANO key. (The ANO key being
normal this circuit 1is not completed) (c)
closes the winding circuit of 7 counting
relay to the OFL interrupter and (d) trans-
fers the armature of relay FO from direct
ground to ground thru the PRE, OPR. A & RYS.
kKey operated. Under this condition the OFL
interrupter operates in sequence the 7, 6,
5, 4, 3, 2, 1 and O sets of counting relays.
Thls time covers the elevator return to
normal of the final selector plus three
sequence switch starts, one in the final
selector and two in the incoming selector.
Relay FO operated, operates the FOl relay
which in turn releases relay F02. Relay FO2

~wWhen operated energized the RS magnet thru

arc 4 and closed the lock cilrcults of the
counting relays. Relay F02 released, allows
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the RS switch to step to terminal 17 and
releases the counting relays. Relays ANO,
ANX and RP1l release as the RS switch leaves
terminal 16, In case of,a failure the in-
coming will be returned to normal falsely.
When the TL relay in Fig. 1 operates and
closes the circult to the supervisory

Fig. 4 the L relay of the incoming will be
across the tip and ring lead and should not
operate, thus the fallure to recelve super-
visory flashes wlll be an indication of
failure,

11.23 Circult Restores to Normal

Position 17 is a pass-by posilition
on all tests except a test of a P.C,1I.
trunk thru a distant office. Positions 18
and 19 are passed by 1f the DOS key 1s
normal or 1f the DOS and RPl keys are both
operated., On terminal 20 ground thru arc 1
operates relay AV. Relay AV operated, (a)
locks to the ST1 relay operated, (b) changes
the SDR lamp from 120 IPM flash to steady
and (¢) transfers the winding of relay STP
from the fundamental to ground and battery
thru resistance AN, Thils 1s done to con-
dition the STP relay for future use., Relay
STP operated closed ground from relay OF2
operated thru relay OF3 normal thru relays
AV and FT1 operated to the "AV" lead,
Ground on the "AV" lead to Fig. 1 operates
relay TL and causes 1t to transfer the
fundamental to the supervisory Filg. 4 and
opens the "ST" lead. The "ST" lead open
releases relay STR. Relay ST released,
releases STl relay and causes the OF2 and
the counting relays, or the OFl relay if
operated to release, Relay STl also closes
ground to the brush of arc 2 of the RS
switch causing the switch to return to
normal by self-interruptions,.

11.24 Rapid Advance of RS Switch

In case both the ANO and PRE. OFR,
A & L RYS, keys are normal when a test 1s

made the RP1l relay will release on terminals

13, 14 and 16 and the RS switch will be ad-
vanced thru terminals 13 and 14 by ground
on the PRE, OPR, A & L RYS. key normal
thru arc 6, thru terminal 16 by ground from
key ANO normal thru arc 6,

11,25 Non-Operate Test of a Relay Crossbar
or 24V Panel Incoming - Test Call to

Busy Lines - RS Switch Term. 16

This test 1s made with the test cir-
cult connected directly to the incoming
whose A relay 1s to be tested, Set the
TH, H, T and U numerical register keys to
select a busy 1line. The ANO key will be
operated in making this test. After se-
lections are completed, the RS switch ad-
vances to terminal 13, Ground from the
PRE, OPR., A & L RYS. key normal thru arc
6 or RS switch advances the RS switch to
terminal 15 where incomlng advance is made
the same as explained 1n paragraph 11.21
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which causes the switch to step to terminal
16. On terminal 16 relay RP1l is held thru
the ANO key and RP relay operated, Under
this condlition ground from arc 1 operates
the ANO relay thru the RP1l relay operated
when relay FOl is normal. Relay ANO op-
erated, (a) locks to its operate ground

by passed around relay F0l1l, (b) operates
relay ANX, {(c) opens in part the O relay's
locking circuit leaving 1t under control of
8 relay, (d) closes ground to the armature
of relay CH from relay F02 operated, (e)
connects the contact of relay CH to 9 count-
ing relay winding and (f) opens the circuit
between 7 relay and 8' relay. Relay ANX
operated, (a) closes the fundamental as
follows "PT" lead thru ST-1 relay operated
thru the RP1l relay operated thru relay ANX.
operated thru the A relay non-operate re-
sistance thru relay ANX thru the L relay
non-goperate resistance thru the winding

of relay CH thru the ANO key operated thru
the ANX relay operated thru the ST1 relay
operated to the "FR" lead, (b) closes the
winding of 7 relay to the OFL interrupter,
(c) closes a ground to relay FO3 for op-
erating relay FO2 thru relay CK normal and
(d) transfers the circuit on the armature
of relay FO from ground to the make con-
tact of relay 9 thru the PRE, OPR, A & L
RYS. ©Under this condltion the CH relay
operates in series with the trunk A re-

lay and the A relay non-operate resistance,
causes the 9 counting relay to operate and
closes ground from relay FO2 operated thru
relay ANX operated thru OF3 normal to the
armature of relay FO, This arrangement
checks on the operation of the CH and 9
relays. The OFL interrupter wlll cause the
7, 6, 5, 4, 3, 2, 1 and O counting relays
to operate in sequence, The FO relay
operated operates relays FO1l and FO3 which
releases relay FOZ, Relay FO2 when op-
erated energlized the RS switch magnet thru
arc 4 and closed the lock circuits of the
counting relays, Relay F0O2 released allows
the RS switch to step to terminal 17 and
releases the counting and the FOl relay,
Relays ANO, ANX and RP1l release as the RS
switch leaves terminal 16, If the A relay
in the 1ncomlng trunk should operste con 1ts
non-operate ftest current during the countlng
interval, the lncoming circult will advance
and close the busy line signal to the test
circuit, The busy line signal wlll cause
interrupted reversed battery to be con-
nected to the CH relay causing it to release
and reoperate, Relay CH operated causes
the @ counting relay to operate., The re-
lease of relay CH will allow the shunted

O!' relay to operate and the next reoperation
of relay CH will operate relay 8, Relay 8
operated opens the operating circult of
relays BO and FO thus preventlng the op-
eration of relay FOl, Under this condition

~the c¢circuit will block. The time counted

in thls case 1is based on a busy line number
on which the 1ncoming selector does not
have to walt on a plckup interrupter before
advancing to the ringing position,
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11,26 Advance for P, C. I. Thru Distant
Office, Figs., B and D with ZI Option

The RS switch in this case is ad-
vanced from terminals 7 to terminals 12 and
15 by ground thru the RP relay normal thru
arc 6 and thru terminals 13, 14 and 16 by
ground thru keys ANO and PRE. OPR. A%IL RYS,
normal. When the RS switch reaches terminal
17 ground from arc 3 thru the DOS class |
key operated is closed to the "CIG" lead to
the call indicator pulsing PFlgure 5, to
operate the CI relay when either the PCID
or PCIT class keys are operated,

12, TESTING P. C. I, TRUNKS, FIG. 5 AND
"ZG" OPTION |

12.1 Preparation

Calls may be made to panel call in-
dicator terminations as follows: -

(a) Four or five digits, panel call in-
dicator pulsing direct to panel call
indicator. The digits would consist of
TH, H, T and U for four digits. The
STA depressed if required would be the
fifth digit. The PCID key 1s operated
in addition to the numerical register
key depressed,

(b) Two digits revertive pulsing thru
distant office, consisting of the
distant office brush and group selections,
These two digits would be set up by
depressing a key in the TAN T and TAN U
rows for the distant office brush and
group respectively, The next four or
five digits as required can be pulsed
Wwith PCI pulses to the panel call in-
~dicator on the trunk. The DOS and the
PCID keys are operated for this type of
~call in addition to the register keys
depressed,

(¢) Six or seven digit, PCI pulsing

- thru Sender Tandem or Tandem PCI
trunks. The six digit would consist of
the TAN, T, TAN, H, TH, H, T and U for
81x diglts and with the STA digit for
seventh digit, The PCIT key is operated

In addition to the register keys depressed,

(d) Seven or eight digits PCI pulsing
thru Sender Tandem or Tandem PCI
Crunks. The seven digits would consist
of the TAN H, TAN T, TAN-U, TH, H, T and
" U with the STA key depressed for seven
digits, The PCIT key would be operated
1n addition to the register keys depressed

The trunk compensation keys are op-
erated 1n addition to the register keys
and either the PCID or PCIT keys as’ |
described above. The trunk test Jack is
then patched to the test circult test
Jack, the TST1 key operated and the busy
test is made as described in paragraphs

6.0L and 6,02, When the PCID key is op-
erated 1t operates relays PCI and PCID,
When the PCIT key is operated it ocperates
relays PCI and PCIT. The operated PCI
relay transfers one contact on Keys 3,

5, or 7 of the "TH" row and one contact
on Keys 6, 7 or 8 of the "H" row from
use 1n revertive pulse tests to use in
PCI tests. The transferred contact is
thereby made available for use in closing
a circult to operate relay PR in the PCI
pulse periods required by the Key de-
pressed. When the PCI pulsing feature

1s required only for PCI direct trunks |
the T, W and Z options are wired. When
in addition to pulsing 5 digits PCI
direct it is required to pulse 3 digits
tandem PCI the V, W and Z options are
wired, When 5-digits PCI direct is
required and 2 digits for PCI tandem the
V, Y and X options are wired, The op -
eration of thé PCID relay operates relay
RPCI, Fig. D, and will cause the CI -
switch to advance to terminal T if 1t 4is
not already on terminal 7. The operatlon
of the PCIT relay for three digit tandem
wlll advance the CI switch to position 1,
The operation of the PCIT relay for two
digit tandem will advance the CI switch
to terminal 3, This gives the CI switch
three different start positions 1, 3 and
7. When the busy test circuit has
functioned and the trunk is idle the
ground on the ST lead from Filg. 1 to Fig.
5,.to Flg, D, will operate the STR relay
in Fig. 3. The operation of the STR re-
lay in Fig., 3 will close ground thru the
RP1l relay and DOS keys normal if Fig. B
1s used, over CIG lead from Flg. A or B
thru the PCID or PCIT relay operated thru
arc 6 of CI switch to the winding of re-
lay CI causing the CIT relay to operate,

12,02 Panel Call Indicator Direct Trunks
Class Key PCID Operated

The operation of relay CI explained
above also, (a) opens the return to normal
ground for switch CI, (b) closes ground for
locking relay CI and for operating relay
CG2 thru relay CGl for later use, (c¢) closes
the fundamental tip thru relays OFZ and OFY
normal thru the windings of relays CG and
OFC thru relay CI1 normal to the "FR" lead,
(d) closes ground thru relay OFC normal to
operate relay CIl when relay CGl operates,
(e) closes ground thru relay SP normal to
cdause the PGC relay to operate towards its
back contact and (f) closes the PGl relay
to the back contact of relay PGC. Relay
PGC 1s carried to this contact for test pur-

poses only. The CG relay operates in series

wlth the OFC relay and the call indicator
trunk A relay. The trunk A relay and relay
CG operate in this circuit and relay CG
operates the slow release CGl relay. Relay
CGl operated, operates the €G2 relay from
ground on relay CI operated, Relay CG2
operated, (a) prepares the circuit for
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holding the CG relay in the fundamental clr-
cuit after relay CI1 1is operated, (b) closes
ground from relay CI operated thru relay
OFC rnormal to operate CI1 relay, (c) connects
the SDR lamp to the SDR interrupter, Figure
1, (d) closed a holding circuit for relay
CGl thru relay OFX normal to the GIl1 relay
normal and (e¥ opened the operate circult

of relay SP. Relay CIl operated, (a) locks
to relay CI operated, (b) prepares relay
PGC for pulsing, causing 1t to operate

relay PGl thru the PG3 and FPl relay normal,
(c) supplies ground for locking relays

PG2 and PG3 and ground to the armature of
relay PGC, This ground 1s used for operat-
ing relay SP when CG2 relay releases, (d)
closes ground to the brushes of ares 1 and
2 of the CI switch for use 1n operatlng the
PR, PT, 1-2 and 3-4 relays thru the register
keys which were previously operated, (e)
transfers the fundamental leads on a con-
tinuity basis to honld the CG relay clrcuit
closed thru relay CG2 operated, (f) trans-
fers the hold circult of slow release re-
lay CGl on a continulty basis from its
break contact thru the SP and PG2 relays
normal, and (g) closes the operate circuilt
of relay PG2 to the PGl relay. Relay PGl
operated operates relay PG2. This circult
waits for the call indicator pulsing loop
to be substituted for the trunk A relay
battery and ground in the PGl trunk., When
the fundamental leads of the trunks are
connected to the control circult the bat-
tery and ground thru the trunk (A) relay

is removed and the PGl control circult
bridge relays are substituted. Under this
condition.the CG relay releases and 1if the
P32 relay 1s operated at this time relays
CGl will also be released, Relay CGl re-
leased releases relay CG2. Relay CG2 re-
leased, (a) transfers the "FT" and "FR"
leads from the trunk test relay CG clrcuit
to the pulsing clrcult thru relay FP nor-
mal (b) opens the CIl relay operate clrcult,
and (c) operate the SP relay to ground on
relay CIl operated. Relay SP 1s the pulse
start relay and causes the pulsing relays
PB, PGl, PG2 and PG3 to function to send
out the call indicator pulses over the
fundamental leads to the PCI control circult
in the distant office. Relay SP operated

- also, (a) supplies ground for energizing
the CI switch thru the PGl and FPl relays
normal, (b) closes ground from relay CIl
operated thru the PGl relay operated to
operate relay GR and (c) closes in part

the circult to operate the AV relay, figure
3 "S" wiring., Before relay SP operates the
relays in the pulsing clircult are as
follows: Relays PGl, GR and PG2 are op-
erated, relays PG, PG3, PT and PR are
normal,

12,0% Pulse Timing
| When relay CI operates 1t causes relay

PGC to operate to 1its back contact, The
operation of relay SP connects the front
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contact of relay PGC to the BC reslstance
to battery and to the negative side of
primary winding and the positive side of
the secondary winding of relay PGC, This
is to prepare the circult for releasling

PGC after 1t i1s operated, This transfer
also removed the circult which causes relay
PGC to operate towards 1its back contact,
Under this condition ground from relay

CIl1 operated shunts battery thru reslstance
BH and starts to operate relay PGC or the
primary winding, at the same time the E
condenser discharges thru the secondary
winding of relay PG to cause it to be slow
operate, Under this condltion the current
thru the primary winding of relay PG 1is
tending to operate 1t whille the condenser
discharge current thru its secondary wind-
ing tends to hold 1t on 1ts back contact.
When condenser E is discharged to the point
where the current thru the secondary wind-

ing 1s low enough relay PGC will operate on -
As soon as relay PGC

1ts primary winding.
is operated ground from CIl rel.y 1is con-
nected to shunt resistance BC to reverse
the current in 1its primary winding. This
starts the release cycle of the PGC relay.
Relay PGl releases when relay PGC operates,
The retarding of the operate and release of
relay PGC due to the condenser current
gives the proper pulse timing. Relays PGC
and PGl will continue to operate and release
as long as the CI1l and SP relays are op-
erated,

12.04 Pulse Counting and Steering

The PGl relay operated operates the
PG2 relay thru relay CI1l operated, Relay
PGl operated and relay CG2 normal starts
the first pulse out over the fundamental,
The first pulse period, with the CI switch
on terminal 7, may be open or it may be a
light positive pulse, ground on "FR" lead .
and high resistance battery on the "GT"
lead, depending upon the stations regilster
key operated. Ground from the CIl relay
operated is supplied to the brushes of arcs
1 and 2 of the CI switch, thru terminal 7
of each arc to the stations reglster key.
In case the key depressed is a code requlr- .
ing a positive pulse in first perlod a
clrcuit will be closed by the key from
ground thru terminal 7 to operate relay PT.
Relays PT and PR may also be operated as a
result of relay 1-2 being operated by the
station key and when operated in this way
the PT relay is operated in the first pulse
period and the PR relay in the second pulse
period thus causing a positlve pulse to be
sent in the first period and a heavy negatlve
pulse in the second period. The first pulse
1s ended when relay PGl 1s released as a
result of the PGC relay operating., The
release of relay PGl starts the second pulse
perliod of the statlions digit and energlzes
the CI swlitch magnet. The second pulse
period, as shown by the pulsing chart on the
drawlng, can either be a light or a heavy
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negative pulse, i.e., battery on the "FR"
lead and ground on the "PFT" lead and,
depends upon which station key 1s operated.
The PR relay 1is always operated when a
heavy negative is to be sent, When relay
PGC releases the next time, relay PGl
operates and CI switch steps. The terminals
are strapped stagger fashion on the CI
switch so that if one of the control relays
PT, 1-2 or 3-4 are operated, for use in the
pulse period which obtalns when the switch
steps they will remain operated thru the
bridging brushes and terminals. Relay FR -
however, is carried.thru arcs 4 and 5 in
such a way that the PR can only operate on
the even terminals if relay PG2 is normal
and on the odd terminals 1f PG2 relay is
operated, This arrangement 1is to prevent
the possibility of a false heavy negative
pulse at the time the CI swiltch 1s sampling
the digit ahead, The third pulse period |
starts when the PGl relay operates and may
be an open or a light positive pulse as in
the first pulse period. The CI switch
will step to terminal 8 keeping closed the
circuit to the PT relay if it 1s operated.
At the end of the third period relay PGC
operates and releases relay PGl for the
fourth pulse period, and to energize the

CI magnet. The .fourth pulse period may
send a light or a heavy negative pulse the
same as period two. At the end of the
fourth period relay PGl is agalin operated
allowing the CI switch to step to terminal .
9 for the first pulse period of the
thousands digit. Each digit has four pulse
periods and the CI switch steps at the
beginning of the first and third pulse
periods except the first perlod of the
first digit in a train of pulses,

12.05 Heavy Positive Pulse, "S" Option

When the last pulse of the pulse
chain is sent the CI switch steps to
terminal 17 where ground from relay CIll
operated thru, the brush of arc 1 CI switch
is closed to operated relay FPl, Relay
PFl operated, a locks to relay SP operated,
b opens the high resistance battery used
for light negative pulses, ¢ opens the Cl
magnet energizing path, and d closes the
ground thru back contact of relay PGl
used to step the CI switch, to the winding
of relay FP, The PGl relay operates to
allow the CI switch to gtep to terminal
17 and is operated during a pulse period to
give an open pulse before relay FP is op-
erated, At the end of this perilod relay.
PGl releases causing relay FB to operate,
Relay FP operated, a opens the clrcuit

to relay PGl, b closes the "B¥" lead

to the low resistance battery, c closes

the "FR" lead to ground qn_peiay PGl normal,
and d closes in part a path to operate re-
lay AV over lead "AV" in the revertive puls-
ing, figure 3, At the end of the pulse
period relay PG2 is released closing ground
from relay CIl operated, thru relay SP op-
erated thru the FP relay operated over

the "AV" lead to operate relay AV 1n
figure 3, Relay AV operated 1ln the revertiwe
pulsing figure 3, will function to cause
ground to be closed to the "AV" lead to the
TL relay of the connector figure 1l causing
it to operate. The operation of the control
TL relay causes the STR relay in the re-
vertive pulsing figure 3 to release and
transfers the fundamental leads to the
supervisory figure 4, The release of relay
STR, a opens the operate circult of relay

CI causing it to release and b releases
relay CIl, c¢c closes ground to the brush

- of arc 3 CI switch to cause 1t to return to

position 7. The transfer of the "FT" and
"FR" leads terminate the heavy positilve
pulse., Relays CI and CIlreleased restore
the pulsing circuit to normal. Relay CIl
also a releases relay SP, b opens the cir-
cuit thru arcs 1 and 2 of .the CI switch
used to operate relays PR, PT, 1-2 and 3-4,
¢ opens the operate circuit of the PG2 and’
PG3 relays, and d removes grounds from the
"AV" lead. Relay SP released, releases
relay FPl and completes restoring the puls-
ing circuit to normal,

12,06 No Heavy Positive Pulse, "R" Option

In thls case relay FPl operates to
close the ground which 1s used to operate
the FP relay to the winding of relay AV
over lead "AV" in figure 3,  On the release

“of relay PGl, the CI switch steps to ter-

minal 17 and closes the circult to operate
the AV relay. Relay AV locks and causes |

'~ the circult to restore to normal as ex-

plained above in paragraph 12,05.

12,07 PCI Tanden or Sender Tandem Trunks -

Class Key PCIT Operated

In this case the operation of the
PCIT class key will operate the PCIT relay
which will cause the CI switch to step to
terminal 1, for three tandem digits or to
terminal 3 for two tandem digits., This
circult is traced from ground on relay CI
normal thru arc 3 brush and terminal 7
thru the PCIT relay thru the Cl1 switch
interrupter contact to the magnet, causing
it to step off terminal 7 which is the
direct call indicator start position to
terminal 1 with Z wiring or terminal > wlth
Y wiring, On tandem calls three extra sets
of pulses, the tandem hundreds TAN H, |
tandem tens TAN T, and the tandem unlts
TAN U, may be sent before the pulses for
the numerical digits. The circult advances
and releaseg the same as explained above .
for direct call indicator, In a two digit
area where three digits are used for tandem
opepation, the key set up of tandem keys

.....

sheuld correspond to the digits that are
sent out by the subscriber's sender to the
tandem call indicator and sender tandem
offices, -
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12 .08 Discharge of Cable Between Pulses

- At the beginning of the first and
third pulse periods 1f a positive pulse

1s not to be sent, PT relay normal, ground
is connected to the "FT" lead from relay
GR normal thru relay FT normal. This
ground is maintained until relays PGl and
GR operate which they do in cascade at the
end of the second and fourth pulse periods
Relay PGl in operating closes ground to
the "FR" lead and the combilnation of the
GR normal ground on the "PT" lead and the
ground on "FR" when relay PGl operates
gives a ground period on both slides of the
fundamental which will discharge the cable
and thus prevent a false operation of the
SN+ relay in the call indicator control
circuit. This ground period occurs from
the time springs 1T and 2T or 1B and 2B

of relay PGl make contact until 1 and 2T
of relay GR are opened.

12,09 PCI Overflow Test Thru Distant Office

Relay CI will operate in thls case
from ground on arc 3 of the RS switch in
the revertive pulsing figure 3, thru the
DOS key, over lead "CIG", Relays CG and
OFC will operate in series 1n this case as
the battery will be reversed. Relays CGl
and CG2 will also operate as on a regular
call indicator trunk test but relay OFC
being operated opens the operate ground
for relay CIl, This prevents the CI pulslng
circuit from starting. Relay OFC in op-
erating locks to the CI relay operated

and operates relay OFX thru relay CIl1 normal,

Relay OFX operated, a locks to the CI relay
operated thru relay OFC operated, b closes
ground thru relays OFX normal to start

the "P.C.I." impulser, c¢ closes the PG2 and
PG3 relay operate path, 4 short circuits

‘the CG relay winding to reduce the re-

sistance of the circult to 1insure operatlng
the distant office polar relay and e closes
the windings of relays OFY and OFZ to
terminals 9 and 11 respectively of arc 6 CI
selector. Under this conditlion the conden-
ser timed interrupter functions to operate
and release the PGC and PGl relays which
steps the CI switch to terminal 9 where
relay OFY operates to open the fundamental
to allow the distant office polar relay

and assoclated relays to release., The
impulser continues to step the CI switch
and the OFY relay releases when the brush
leaves terminal 9 to close the fundamental
for trunk closure. When the CI switch
reaches terminal 11 relay OFZ 1s operated
thru relay OFX operated. Relay OFZ operated
again opens the fundamental, stops the-
impulser and lights the OFL lamp as an -
indication of an overflow or Telltale of the
two-wire office selector, When the dis-

connect key in the connector Fig, 1 1s
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operated the circult will function to re-
lease the CI relay which in turn will re-
lease the OFC, OFX and OFY relays and cause
the CI switch to return to 1ts normal
position 1, 3, or 7.

12.10 Pulsing Numbers Over 10,000

If it is desired, to send pulses
for numbers 10,000 or above, the 1 Key of
the stations row will be operated, There
will never be a number of 10,000 or over
which will also have a party deslignation.
If the number desired is not a party llne
or a number 10,000 or above then no key
in the statilion row need be operated, If
no key 1s operated in the stations row the
circuit will function to send an open 1in
the first and third perlods and a light

negative pulse in the second and fourth
periods,

12.1]1 Misc. Conditions

Relays PG2 and PG> are used to steer
the PR and PT relay circuit to the proper
pulse periods,

Relays 1-2, 3-4 and PCI are used to
multiply the circults from the numerlcal
register keys to the PT and PR relays due
to the lack of contacts on certain register

keys.,

Jack PGC is provided for maklng cur-
rent’ flow tests and per cent make break
tests of the PGC relay.

13, TESTING MULTI-FREQUENCY PULSING TRUNKS

13.01 WINK Start Pulsing Signal

A WINK start pulsing signal is given
when a trunk 1s seized with ON HOOK called
subscriber supervision, The polarity of the
trunk 1s changed to OFF HOOK supervislon when’
the sender is seized and changed back to.

ON HOOK supervision when the sender is ready
to recelve impulses.

The WINK type of pulsing signal 1s
also used in a number of cases by trunks
working with an originating sender that 1s
arranged to receive a DELAY DIAL pulse start
signal. In these cases the originating
sender introduces a time delay sufficilent
for the ON HOOK trunk supervisory slgnal y
to travel to the distant end of the trunk ‘
and to return before the sender recognizes
the trunk., This test circult, however,
checks the normal ON HOOK polarity of the
trunk as well as the stop dial receiver
OFF HOOK polarity of the trunk imposed while
it is looklng for a sender and continuing
until the sender 1is ready to recelilve pulses,
This signal 1s functlonally the same as
the WINK start pulsing signal except that
the OFF HOOK signal 1s given by the No, 4A

Loy
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Intertoll or Tandem Incoming Trunk Circuit
and is of 2 slightly longer duration than
that of the WINK signal described above.
The OFF HOOK signal is changed to ON HQOK
supervislion when a sender 1s seized and
ready to recelve impulses. The preparation
of this circult for testing trunks that
glve this type of slgnal is the same as
hereinafter described for the WINK start
pulsing signal.

1%.011 Preparation
15.012 Two-Wire Trunk

The number to be called is depressed

on the Register Keys in Fig. 2. Operate
the TRUNK COMP RES O key in Pig. 1. The
required A RY OPR COMP RES keys in Fig. 4
are operated to compensate up to the oper-
ate value of the trunk A relay. Operate
the MF and TST keys. The test circuit test
Jack 1s then patched to the trunk test Jack,
and the busy test 1s made as described in
paragraphs 6.01 and 6.02. When the busy
test clrcult has functioned arnd the trunk
18 1dle a ground 1s put on the ST lead to
Plgs. 3, 5, 7, and D. When the MF ke was
operated relay MK operated. When the MPF
relay operates it (a) opens the "T2" and
"R2" leads to the telephone circuit, (b)
Places 1200 ohms in parallel with the input
side of the TST repeating coll across the
"PT" and "PR" leads from the MF current
supply, (c) closes thru in part the cperate
path of the RO relay in Fig. 4, and (d) op-
erates the MF1 relay. The MFl relay oper-
ated, (a) corinects the MF resistance network
to the pulse generator in Fig. 6, (b) re-
moves the 600 ohm ground from the MF conden-
ser and connects the MF condenser in parallel
with the PG condenser for MF pulsing, (c)
closes thru the PGA relay operate path to
the P relay in Fig. 6 for pulsing, (d)
closes the. ST lead path to operate the PON
relay in Fig. 8, and {e) closes thru the
path to operate the TL relay in Fig. 1 when
the PON relay operates. The TL relay oper-
ated closes thru the tip and ring from the
test jack to the supervisory relays. The
DPL -GO key normal arranges the supervisory
relays to check for a WINK start pulsing
signal. When the PON relay in Fig. 8 oper-
ated 1t, (a) closed a ground to operate the
TL relay in Fig. 1, (b) operated the FDP re-
lay 1n Filg. 1 to remove the momentary open
check feature during pulsing, ¢ - closed a
%round to the pulse generator to close 1its

and 7 contacts (PG relay in Fig. 6), d -
closed a ground to the MF resistance network
for MF pulsing, e - closed a ground to oper-
ate the FDS relay, f - closed a locking
ground for the RO relay in Fig. 4, g -
closed a ground to lock the SU<1 and RB re-
lays in Fig. 4, h - cleosed a ground to the
contacts of the P relay in Fig. 6 for oper-
ating the PGA relay during pulsing, j.-
provides a ground to lock the SG relay in
Fig. 6. The FDS relay operated, a - removes
the short circuit from around the 2700 ohm

MF network resistance to increase the time
of the KP pulse, b - opens the operate path
of the RO relay, ¢ - closes thru its lock-
ing ground to a path to operate the next
steering relay whose register key is oper-
ated, d - operates the FDS1l relay in Fig. 9,
e - closes thru a path to start the pulse
generator for delayed closure time when
automatic dial pulsing is provided.

15.013 Four-Wire Trunks

The number to be called 1is depressed
on the register keys 1n Fig. 2. Operate
the TRUNK COMP RES O key. The operation of
the TRUNK COMP RES key will close the tip
and ring leads between Figs. 1 and 17 and
thereby satisfy the test clrcuit, but this
key is chosen to check the continuity of
all of the trunk compensation resistors in
the test set. Operate the MF and MPF4W or
EMAW keys. The operation of A RY OPR COMP
RES key is not required since the tip and
ring leads are closed through the normal
contacts of these keys. The DPL key 1is
normal if a WINK start pulsing signal 1s
expected. The test circult test Jacks, |
T and R are patched to the trunk test jacks
and the TST1 key is operated. For four-
wire MF pulsing trunks, REV BAT SUPV, the
operation of key MFUW operated relay MFUW
which closes the sleeve "S" lead of the
trunk through tor busy test. Relay MP4W
closes battery and ground to light lamps
Tl, T, Rl, and R to indicate that relays
TTl, TT, TR1l, and TR respectively, are nore-
mal. Key MF operated relay MP and key TST1
eperates relay TST1l. When the trunk is
idle and the busy test circuit has func-
tioned it will close ground to lead "ST"
operating relay CI4W to cut in the four<
wire trunk. Leads "P1" and "T" are con-
nected through the windings of polarized
relays provided for testing leads "T1" (re-
lay TT1) and "T" (relay TT). These two
polarlzed relays are connected in series and
in reverse polarity. Likewise leads "R1"
and "R" are connected through polarized re-
lays provided for testing leads "R1" (relay
TR1) and "R" (relay TR). These relays are
also connected in series and in reverse
polarity, thus enabllng the test circuit to
fake a test of leads "T1", "T" and "R1" and
"R" for eontinulty, polarity and cross with
battery or ground, | | |

Assume the trunk 1s free from trouble
and 1s poled to give a WINK start pulsing
signal. Under this assumption relays TTl
and TR1 will operate when relay CIL4W oper-
ates and extinguish lamps T1 and Rl. Lamps
T and R wlll remaln lighted. Battery and
grournd of the same polarity as the trunk
circult battery and ground 1s closed by the
operation of relays TT1 and TRl to cause
relay SU (Fig. 4) to operate. If the trunk
conductors are reversed, relays TT and TR
will operate and operate relay SUR (Fig. 4)
‘which, in turn, will operate relay RO. The
‘operation of relay RO closes ground through
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interrupter OFL to lamp OFL to give a flash-
Ing visual slgnal as an indicatlion that the
trunk 1s reversed. If the trunk 1s open
lamps T1l, T, Rl and R wlll remain lighted.
If the trunk is crossed wlth battery or
ground the location of the cross will con-
trol the visual slgnals recelved.

If we assume the trunk 1s free from
trouble and 1s poled to give a DELAY DIAL
start pulsing signal relays TT and TR will
operate and extingulsh lamps T and R. Lamps
Tl and Rl wlll remaln lighted. Although
battery and ground of the same polarity as
the trunk battery and ground 1s closed by
the operation of relays TT and TR, thils
polarity 1s reversed by key RS1 (which is
operated when the DELAY DIAL start pulsing
signal 1s expected) to cause the test cir-
cult to functlion as described above for the
WINK start pOlsing signal. In other re-
spects the clrcult operates as described
above under Paragraph 13.012 for two-wire
trunks,

For four-wire MF Pulsling E&M lead
signaling trunks, the operation of key EMUW
operates relay EMUW when the busy test 1s
completed and the ST lead from Filg. 12 has
been grounded. Relay EMAW operates relays
EMX and EMX1 to prepare for the cut-in of
the leads from the trunk. Relays EMX and
EMX1 are arranged to furnlsh a standing test
on the trunk leads so that 1f they become
crossed to battery or ground an alarm is
sounded by relay AL. The operation of re-
lays EMX and EMX1l removes the AL relay from
the trunk leads in preparation for testing.
In addition, relay EMX1l operates slow re-
lease relay ALG which 1s provided to per-
form the followlng function: to allow time
at the disconnection of the test call for
stabllization of cable capacitance potential
on the leads thus preventing false operation
of the alarm relay. When relay EMX operates
1€ grounds lead RA to Fig. 1 which connects
to the ring of the test Jack T- and thence
to the ring of the trunk test Jjack to oper-
ate the test cut-in relay in the trunk. The
EMUAW key also prepares a potentiometer ar-
rangement to provide -24 volts for the TT
and TTl relays so that they may detect the
presence of either -48 battery or ground on
the M lead. In other respects, the circult
operates as described in Paragraph 13.012
for two wire trunks. The T ON, R ON, Tl OFE
and R1 OFF lamps are lighted by the opera-
tion of relay EMX and functlion to indicate
the condition of the trunk. Thus if the
trunk 1s 1dle and avallable for testing, the
T ON lamp will remain lighted to indicate
the outgolng trunk is ON-Hook because the
TT1l relay operates to ground on the MD lead

extinguishing the Tl OFF “lamp; and the R ON

lamp wlll be lighted as long as the incoming
trunk remains ON-Hook. HRelay EL will follow
the supervision of the distant incoming
trunk and function the R ON and R1 OFF lamps
accordingly. Provision is made for checking
the drop side of the E&M leads; the trunk
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can be selzed via the Automatic Test Cir-
cult and then this test circult can over-
ride the busy condition and get access to
the trunk. 1In this case, the TT and TT1
relays would find battery on the M lead to
light the T1 OFF lamp (off-hook). Opera-
tion of the EM key puts ground on the E
lead (drop side) allowing a check on the
signaling between the AQTCT and the 0.G.T.
TST clrcuits. |

13.014 Trunk Polarity Test

When the TL relay in Fig. 1 operates
1t closes thru the tip and ring from the

test Jack for two-wire trunks as follows -
tip of the test Jack, thru the VMl relay
normal, thru the RS1 key normal, thru the
TLK1l relay normal, thru TST1l relay operated,
thru the TRUNK COMP RES keys operated, thru
the TL relay operated, thru the FDP relay
operated, DP relay normal (Fig. 10) thru
the Rt relay normal, thru the TST repeat
coll, over T lead to supervisory test fig-
ure 4, thru the A RY OPR COMP RES keys thru
the SU and SUR relays polar supervisory
relays, over the R lead to Flg. 1, thru the
TST repeat coil, thru the Rt relay normal,
thru the FDP relay operated, thru the TL
relay operated, thru TRUNK COMP RES keys
operated, thru the TST1l relay operated,
thru the TLK1l relay normal, thru the RS1
key normal, thru the VM1l relay normal, to
the ring of the test Jjack. This path is
traced the same for four-wire trunks except
that test Jjack Tl 1s not used. For four-
wilre REV BAT trunks the operation of relay
CI4W closes the test circuilt thru to the
test T and R Jacks which are patched to
Jacks T and R on the test and make busy
frame and the TT, TT1l, TR, and TRl relays
repeat the reversals to the SU and SUR re-
lays. For four-wire E&M lead trunks the
path 1s traced the same except that the tip
and ring leads are run thru the EMUW relay
operated thru the A%B coils Fig. 17 to the
A relay. Thls relay is furnished to con-
vert the E&M lead signaling to reverse bat-
tery supervision. Relay EL follows the E
lead closures of ground and acts to reverse
the battery and ground functioning the SU
and SUR relays.

The polar relays SU and SUR are ar-
ranged reverse to each other. When the
supervisory relays are connected across the
tip and ring of the trunk, should the trunk
be poled for OFF-HOOK supervision the SUR
relay wlll operate as an indilcation that
the trunk is reversed. The SUR operated
Will operate the RO relay thru the normal
contacts of the SUl. The RO relay operated,
a - will close thru the OFL interrupter to
flash the OFL lamp, b ~ will close a ground
to the No. 5 crossbar interrupter circuit
if 1t is provided, ¢ - will close thru a
ground from the PON relay contacts to the
midpoint of the pulse generator in Fig. 6
to prevent 1t from pulsing, d - locks to a
ground on the PON relay, e - removes the

- )
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ground from the MF key to release the MF
relay which in turn releases the MF1l relay,
and f - opens a circuit for operating the
SG relay in Fig. 6 when automatic dial puls-
ing 1s provided. |

13.015 Trunk Test and Start of Pulsing

When the polar supervisory relays SU
and SUR are connected across the' tip and
ring of the trunk and the trunk is poled ON
HOOK the SU relay will operate. The SU re-
lay operates the SU-1 relay. The SUl relay
operated, a -~ closes -a path from the SUR
relay for operating the RB relay, b - opens
the operate path of the RO relay, locks it-
self to a ground on the PON relay, c -
closes in part a path to operate the SG for
starting the pulse generator. When the ter-
minating circuits have functioned and the
sender 1s plcked the polarity of the trunk
1s reversed to OFF HOOK. This polarity will
release the SU relay and operate the SUR
relay. The SUR relay will operate the RB
relay. The RB relay operated, a - locks
thru make before break contacts, to a ground
on the PON relay, b - opens in part a path
for the RO relay operation, ¢ - closes in
Part a path to operate the SG relay in Fig.
6, d - opens the operate path of the SUl
relay, and e - closes in part a path for B
operating the steering relays. When the MF
‘recelver 1is ready to receive MF pulses in
the terminating office it signals the ter-
minating sender which in turn reverses the
polarity to the originating end as a signal
that MF pulses may be send out. This re-
versal 1s to ON HOOK and causes the SUR re-
lay to release and the SU relay to reoperate,
The SU relay operated will close a ground
thru the DPL and GO relays normal, thru the
operated SU-1 and RB relays, thru the PS
relay normal, thru the DT key normal (if
1t is provided) to operate the SG relay.

The SG relay operated, a - locks to a ground
on the PON relay, thru W relay normal when
provided and thru the RO relay normal, b -
closes a ground to start the No. 5 Crassbar
Interrupter circuit when it is provided, ¢ -
closes thru the SDR interrupter to flash
SDR lamp, 4 - closes thru a ground from the
DP relay thru W relay normal to operate the
BD relay in Flg. 1 when automatic DP is
provided, and e - remcves the ground from
the midpoint of the pulse generator to start
1t pulsing.

15.016 Pulsing and Steering

The steering relays TAN H, TAN T,
TAN U, TH, H, T, U and STA relays in Fig. 8
control the steering of the pulses for the
digits. Steering relay FDS controls the
sending of the KP pulse for MF pulsing. The
steering relay SST control the sending of
the ST pulse for MF pulsing The pulse stop
PS relay operates at the end of a train of
pulsesto stop the pulses. The pulse genera-
tor circult consists of a timing relay PG,
‘the pulsing relay P, and a checking relay

CKP to work with networks of resistances

in Flg. 7 for MF pulsing. The PG is & non-
blased polarized relay and the windings of
the P and CKP relays are connected in

serles with its primary winding. When the
PON relay in Fig. 8 operates it provided a
ground to the resistance hetwork connected
to the pulse generator circuit. The MF
network willl be connected when the MFl relay
1s operated. The network forms a voltage
divider with its intermediate point being
connected thru operated contacts of the MF
relay, thru windings of the P and CKP relays
to the No. 2 terminal of the primary winding
of the PG relay. This same ground is con-
nected to one side of the condensers MF and
PG to the armature of the PG relay. The MF
condenser is connected in parallel with the
PG condenser thru the operated contacts of
the MFl relay in Fig, T. The ground from
the PON 18 also closed thru the normal con-
tacts of the SG relay, operated contacts of
the PS and RO relays to the 5 terminal of
the PG relay and the 3 contact of the PG
relay also.to the 300 ohm battery. The 1,
5, and 5 terminals of the PG relay are
strapped together. When: the PON relay op-
erates and puts the ground on, current will
fiow in the primary winding to cause the PG
relay to close 1ts 4 and 7 contacts and

- this same current flowing thru the P and:

CKP relays will cause them to operate and
close their 2 and 5 contacts. When the

ground is removed from the midpoint of'the'

PG relay (1, 3, & 5 terminals) by the oper-
ation of the SG relay, allowing the 300 ohm
battery to become effective, the current in
the primary winding of the PG relay will be
reversed and tend to operate the amature
towards the 3 contacts of the PG relay. The
condensers will start to charge at the same
time the ground 1s removed from the 1 ter-
minal of the PG relay. Initially the charg-
ing current makes the secondary winding the
more powerful, holding the armature on the

4 contact but as the charge builds up on
the condensers the current thru the second-
ary winding dimenishes and consegquently its
magnetie effect diminishes until the primary
winding becomes more effective and the arma-
ture operates to the 3 contact. This causes
the ground to the armature to be connected
thru the 3 contact to the 300 ohm battery.
The currents in both windings again reverse
and causSe the armature to move to the 4 con-
tact after a delay due to the condenser dis-
charge current in the secondary winding.
Thls action on the PG relay continues as
long as the ground to the 1, 3, and 5 ter-
minals of the PG is removed. The P and CKP
relays follow the PG relay primary winding
current reversals and thus generate pulses.
The pulse generator generates approximately
60 millisecond pulses with the MF network |
except the KP pulse which is about 100 milli-
seconds due to a 2700 ohm resistance being
connected 1nto the MF network when the FDS
relay 1s operated.

When the SU relay operates the second
time for the WINK start pulsing signal it
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cperates the 3G relay. The SG relay oper-
ated, a - removes the ground from the mid-
polnt of the pulse generator PG relay and
PG relay starts to time the pulses, b -
closes a path to flash the SDR lamp, ¢ -
gupplies a ground to the No. 5 crossbar
interrupter circuit when it 1is provided and
d - closes in part a path to operate the RO
relay 1f the trunk should be reversed after
pulsing has started. The P relay, a slave
relay of the pulse generator PG relay,
which has been on its front contacts, moves
to the back contact when the ground 1s taken
off the midpolint of the PG relay. This
closes thru a path to operate the PGA relay

which in turn operates the FDS1 relay to

send the KP pulse frequencies to the ter-
minating sender and at the same time 1t Op-
erates the next steering relay.

The operate path of the next steering
is ground from the operated PON relay, thru
the normal =steerlng relays, thru the locking
contact of the FDS relay, over ASR lead, to
Fig. 4, thru the operated RB relay, over ASR
lead to Fig. 7, thru the operated contacts
of the PGA relay, over ASR lead to Fig. 8,
thru operated contacts of the FDS relay,
thru- the normal contacts of SD- relays (the
SK- relay will be normal 1if the register
key is not depressed), thru the operated
contacts of the SK- relays (the SK- relay
will be operated for the reglster key de-
pressed) thru the steering relay to battery.
When the PG has timed for the KP pulse it
moves toward its front contact and the P re-
lay operates. The P relay operates wlll re-
lease the PGA relay and cause the FDS relay
to release. When the P relay again releases
it operates the PGA relay which operates one
of the CO to C9 pulse relays (Fig. 9) de-
pending on which register key 1s operated.
The circult to operate the C- relay 1s
ground from the operated contacts of the
PGA relay over the PC lead to Fig. 6, thru
the operated SG relay, over-PC lead to
Fig. 8, thru the normal FDS relay, thru any
steering relay that 1s normal, thru the op-
erated steering relay, thru the operated
register key to the C- relay for the key
depressed, thru the C- relay to battery.

The CO to C9 pulse relay that opérates
closes thru the frequencies for 1ts number
to the terminating sender. The PGA oper-
ates and releases, operating a pulse relay
for each digit depressed and advancing the
steering circult untlil the operation of the
SST relay in the steering circuilt when the
ST pulse wlll be sent out to the terminating
sender.
and the PS relay operates, a ground willl be
put on the midpoint of the PG relay to stop
1ts pulsing, a ground wlll keevp the SDR lamp

. lighted steadily, the MF relay willl release

In turn releasing the MF1l relay and the
TSUP lamp will be closed thru to the SU re-
lay contacts for flashing. |

13.017 Reorder During MF Pulsing

Should the MF terminating sender go
to reorder before the U steering relay |
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When the ST pulse has been sent out

‘operate.

operates during pulsing 1t wlll reverse the
polarity of the trunk and release the SU
relay and operate the SUR relay. 1If a
four-wire (REV BAT) trunk is under test,
this reversal is repeated by relays TT1l and
TRl or TT and TR. If a four-wire E&M lead
trunk is being tested, the EL (E lead line
side) relay willl repeat the change to OFF-
HOOK to the supervisory relays. Otherwlse
the circult operation remains unchanged.
The SUR relay operating will operate the RO
relay. The circult to operate the RO 1s
ground from the SUR relay operated, thru
the DPL relay normal, thru the GO relay nor-
mal, RO lead to Filg. 7, thru the MF relay
operated, over RO lead to Fig. © thru the
SG relay operated over RO lead to Fig. 8
thru U and STA relays normal, over ROP lead
to Fig. 4, thru RO relay winding to battery.
The RO relay operated, a - closes a ground
from the PON relay to the midpoint of the
pulse generator to stop pulsing, b - closes
a path from the OFL interrupter to flash
the OFL lamp, ¢ - closes a ground to the
No. 5 crossbar interrupter clrcult when 1t
1s provided, d - locks to a ground on the
PON contacts operated, e - releases the MF
relay in Fig. 7, and f - opens the SG relay
locking path.

13.02 DELAY DIAL Start Pulsing Signal

13.021 Preparation

The preparatilon for testing MF pulg-
ing trunks arranged for DELAY DIAL start
pulsing signal is the same as described in
paragraph 13.011 for WINK start pulsing
signal except that the DPL key is operated.
The DELAY DIAL signal is where the trunk 1s
picked OFF-HOOK called subscriber supervil-
sion. The trunk circult functions the ter-
minating circuits to pick a termlnating
sender which awalts a signal from the MF
recelver that it 1s ready to receive pulses,.
When the sender recelves the signal that
the MF recelver is ready, it reverses .the
battery and ground to the originating end

,as a signal to start pulsing.

Trunk Polarlty Test

1%5.022 The polarity test of the trunk 1s

made the same as described 1in para-
graph 13.014. With the DELAY DIAL start
pulsing signal however the operation on the
DPL key arranges the circult to operate the
SUR relay 1f the trunk 1s poled ON-HOOK |
when picked. The SUR relay operated per-
forms the same functlons as described 1n
paragraph 13.014,

13.023 Trunk Test and Start of Pulsing
' When the polar supervisory relays SU

and SUR are connected across the tip and
ring of the trunk and the trunk 1s poled

" OFF-HOOK with the DPL key operated for DELAY

DIAL star} pulsing signal the SU relay will
The SU relays will operate the SUl
relay. The SUl relay will perform the same
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functions az dascribed in paragyraph 13.015.
When the temminaking end is ready to recelve
MF pulses the polarlty of the %runk will be
reversed. When the polarity 138 reversed the

SU relay will release and the SUR relay will

operate, The SUR relay operated operates
the RB relay which, a - lock thru 1ts make
before break contacts, b - opens in part
the .RO relay path, ¢ - closes in the path
to operate the SG relay in Fig, 6, 4 - opens
the operate path of the SU-1 relay and e -
closes in part a path for operating the
steering relays. The SG relay in Fig. 6
operates. from ground on the operated SUR
relay contacts, thru the DPL relay operated,
thru the SU-1 relay operated, thru the RB
relay operated, over SG lead to Fig. 8,
thru the PS relay normal, over SG lead to
Fig. 10 if it is provided, thru the DT key
normal over SCO lead to Fig. 6, thru the SG
relay winding to battery. The SG relay op-
erated will perform the same functions as
described in paragraph 13.015.

13.024 Pulsing and Steering

Same as described in paragraph 13.016
with the exceptlion that the SUR relay oper-
ates the SG relay 1n Fig. 6 to start pulaing.

- 13.025 Reorder During MF Pulsing

Should the MF terminating sender 340
to reorder before the U steering relay op-
erates during pulsing it will reverse the
polarity of the trunk angd releasé the SUR
.relay and operate the SU relay. If a four-
wire trunk is under test this reversal is

 repeated by relays TT1 and TRl or TT and TR,

If a four-wire E&M lead trunk 13 being
tested, the EL (E lead line side) relay
wlll repeat the change to OFF-HOOK to the
supervisory relays. Otherwise the circuilt
operation remains unchanged. The SU relay
will close a ground to operate the RO relay
thru the DPL relay operated, over the RO
lead to Filg. 7, thru the MP relay operated,
over RO lead to Fig. 6, thru the SG relay
operated, over the RO lead to Fig. 8 thru U
and STA relays normal, over ROP lead to
Fig. 4, thru RO relay winding to battery.
‘The functions of the RO relay are the same
as described in paragraph 13.017.

14. TESTING DIAL PULSING TRUNK
14.01 GO Start Pulsing Signal
14.011 Preparation

When testing trunks whlch require
step-by-step loop dial pulses to prime the
terminating end, this circuit is arranged
to send step-by-step loop disl pulses, Step-
by-step loop resistance pulses and step-by~
step battery and ground loop pulses. The
,LPD key in Fig. 10 18 operated for loop dial
Epulaes, LRD key .in Fig. 11 is operated for
lo00p resistance pulses, or the BGD key 1in

.

.

- .

S s ti

Fig. 11 is cperateq:for battery qw 1@39@
loop pulses. Opérate the GO key.

community dlal office 1s 1ncluded in the
connection operate the S-GO key. This“key
provides means for absorbing a STOP- GO'515-
nal after pulsing has started. The numbér
to be called is dcpressed on the chiste{
Keys in Fig. 2. 'The required.TRUNK;COMP
RES keys in Fig. 1 and the required A RY
OPR COMP RES keys in Fig. 4 are cperateq
The DP key in Fig. 10 is operated. The*
test circult test-jack 1s then patched tq
the trunk test jack, the TST1 key operated
and the busy test 1s made aa described ip
paragraph 6.01 and: 6 02.

When the DP key 1s operated it oper-

‘ates the DP relay. The’ EP relay opergFe@.

a - operates the DPl.rel ‘b - clesé

the ST lead from Fig. 1, to Pig. 8 fbr oper-
ating the PON relay c¢ - opena the Tianq R
lead from Fig. 1 and closes thru the"pulsing
contacts for loop pulsing - closes. thru
a path for operating the §G relay in Fig. 6
for pulsing delayed closure time and & -
clogses a clrcuit to omlt the SST steering
relay. The S-GO key operated connected the
SK1 and SK2 relays in the circult to absorb
a STOP-GO signal after pulsing has started,
The DP1 relay opérated, a - provides grounds
to the LPD, LRD and BGD keys to operate
thelr respective relays, b - closes a greund
thru the W relay normal to qQperate the BD
relay in Flg. 1, c¢ - clases locking ground
to the 8Kl and SK2 relays, qf--closea ground
to tHe pulse generator -in Fig: 6, e - closes
off normal greund to the Duising relays.

When the LPD key 13 qperated, it
operatea the LPD- rélay' -The LPD relay op-
erated, a - eloses thru the LPD and.LRD
resistance network to the pylse generator
in Fig, 6 for pulsing step-by-step loop
pulses, b - closes th the LPD contact pro-
tection to protect the pylsing contacts of
the P relay in Fig. 6, and ¢ - closes thru
the pulsing contacts of the P relay into

~the T gnd R. When the LRD key 1s operated

1t operates the LRD relay. The LRD relay
operated, a - closes thru the LPD and LRD
resistgnce network to the pulse generator
in Fig. 6 for pulsing step-by-step loop
resistance pulses, b - closes thru 1481 ohms
resistance into the R lead and ¢ - clgses

. thru the LRD contact protection to protect

the puylaing contacts of the P relay. When
the BGD key 1s operated it operates the BGD
relay, The BGD relay operated, a - closes
thru the BGD resigtance nctuork to the

pulse generator 1in Fig. 6 for pulsing step-
by-step loop battery and ground pulses and
b = closes the PLS relay thru the 2 and 5
contacts of the P relay operated to a groumd
on the BGD relay operated. The PLS relay
opgrated, a - closes thru the shgrt circuit
bridge thru the ON relay contacts across

the Tip and Ring, and opens the operate path
of the ON relay. When the GO key 1is oper- -
ated it operates the GO relay. The GO relay

_jeperated, 'a - operates the SU-1 relay, b -
:aloses a,path to operate the RO relay if the
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SU relay operates and ¢ - closes a path to
operate. the RB relay when the SUR relay op-
erates. S -

When the busy test clircult has func-
tioned and the trunk becomes idle a ground
18 put on the ST lead. If a four-wire E&M
lead trunk 1s to be tested, the operatlion
of the EMYW key.ﬁrepares the circuit by

W relay after the ST lead
18 grounded and connecting to the four-wilre
trunk. The ground on the ST lead will op-
erate the PON relay in Fig. 8. The PON re-
lay operated, a - operates the FDP relay 1n
Fig. 1 to remove the momentary open check
feature during pulsing, b - closes a ground
to the pulse generator circult to operate
the PG relay in 1ts release direction clos-
ing the 4 and 7 contacts, ¢ - closes ground
to operate the FDS relay, 4 - closes a
ground for locking the RO, SU-1, RB, and SG
relays, afd e - provides ground to operate
the SG relay thru the FDS relay operated
for pulsing the delayed closure time. The
FDS relay operated, a - opens the path to
operate the RO relay, b - closes 1ts lockling
ground for operatling the next steering re-
lay, ¢ -~ closes thru a path to operate the
SG relay for delayed closure time, d -
closes a path to operate the ¥DS1l relay.
The FDS1 relay operated controls the delayed
closure time. The delayed closure time 1s
provided to allow time for the trunk clrcult
to restore to normal from the previous call.

When delayed closure time has been
completed the circult goes into interdigilital
time and stops during thls period to wailt
for the start pulsing signal from the ter-
minating end. Trunks are arranged for GO
start pulsing signal when they transmlt a
start pulsing signal to the test circult
immediately upon selzure. When the test
circult recelves the proper start pulsing
signal it completes interdlgltal time and
pulses the first digit. Each successilve
digit is pulsed, for the keys depressed,
with timing for interdiglital time between
digits. When the S~-GO key 1is operated the
test circult will accept one reversal of -
polarity from the terminating end. Should
a second reversal be recelved the OFL lamp
will flash. When the S-GO 1s normal the
circuit is arranged to operate the RO relay
and flash the OFL lamp should the terminat-
ing end reverse the polarity of the trunk
after pulsing has started.

14.012 Delayed Closure Time

When the FDS relay operates it
closes a path to operate the SG relay to
The path to
operate the SG relay 1s ground from the PON
relay operated, over the DCT lead to Fig. 4,
thru the RO relay normal, over the DCT lead
to Fig. 10, thru the W relay normal, over
the DCT lead to Fig. 8, thru the FDS relay
operated, over DCT1l lead to Filg. 10, thru
the DP relay operated, over SGO lead to
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Fig. 6, thru SG relay winding to battery.
The operation of relay SG removes the ground
from the midpoint of the pulse generator PG
relay which causes 1t to start pulsing. The
P relay willl also pulse but no dlial pulses
wlll be sent out on the trunk untll the TL
relay 1n Flg. 1 1s operated. The CKP relay
will operate and release the control relays
for the delayed closure time counting the
pulse on the LC, LD, and LE, and Pl to P5
relays. When the P5 relay operates, the
ground from the FDS1 relay operated 1s ex-
tended to the SPl relay winding. The SP1
relay does not operate at this tlme as a
ground from the 3 contact of the CKP relay
1s connected to the outer winding. When the
CKP relay operates it removes ground from
its 3 contact and the SPl relay operates.

14 .013% Trunk Test and Completion of Timing

When the SP1l relay operates 1t will,
a - prepare a circult for operating the SP2
relay, b - close a circult to operate the
W relay and hold Z relay non-operated, ¢ -
operate the TL relay in Fig. 1 and d -
closes a short circult around the P relay
contacts. The W relay operating will, a -
hold operated thru WR relay normal contacts,
b - close thru a path for advancing the
steering relays when the Z relay operates,
¢ - close an additional short circult around
the P relay contacts, 4 - release the BD
relay to remove the short circult from
around the repeat c¢o0ll and the polar super-
visory relays, e - open the operate path of
the SG relay thru the FDS relay to release
the SG relay and stop the pulse generator,
and f - close the path from the supervisory
relay contacts to the RO relay (the RO will
operate 1f a reversal 1is encountered when
the W relay 1s operated).

When the TL relay operates 1t closes
thru the T & R from the trunk to the test
circuit. The polar supervisory relays are
now 1n series with the trunk A relay for
trunk test. This circuit is Tip of the test
jJack, thru VMl relay normal, RSl key normal,
TLK1 and TST1 relays normal, thru TRUNK COMP
RES keys operated, TL relay operated, FDP
relay operated, over T lead to Flg. 10, thru
DP relay operated, thru LPD, LRD, or BGD re-
lays operated, over PA lead to Flg. 6, thru
operated P relay contacts, over PO lead to
Fig. 10, thru LPD, LRD or BGD relays oper-
ated, thru the DP relay operated over Tl
lead to Fig. 1, thru Rt relay normal, thru
repeat coil TST, over T lead to Pig. 4,
thru A RY OPR COMP RES keys operated, thru

the polar supervisory SU and SUR relays,

over R lead to Flg. 1, thru TST repeat coll,
thru R+ relay normal, thru FDP and TL relays

operated, thru TRUNK COMP RES keys operated,

thru TST1 and TLKl relays operated, thru RSl
key normal, thru VMl relay operated to Ring
of test jack. PFor four-wire E&M lead trunks,
the path 1s the same except the Tl jack is
not used but the tip and ring goes thru the
A&%B colls Pig. 17 to the A relay ¥Fig. 17.
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Slnce the GO key is operated the
gtart pulsing signal will be the operation
of the SUR relay. The SUR relay operated
will close a ground to operate the SG relay,
thru relays DPL normal, GO operated, SUl
operated, RB operated, PS normal and DT key
normal. When testing trunks with dial tone
and GO start of pulsing signal, the DT key
1s operated, bvefore the TST1 key, at the
start of test. - This key opens the circuit
to the SG relay to prevent the completion
of delay loop closure timing. When dial
tone 1s heard, using the assoclated tele-
phone circuit, the DT key is restored to
normal to permit the SG relay to operate.

The 3G relay will remove the ground
from the midpoint of the pulse generator PG
relay and start to complete the delayed
closure time which goes into interdigital
time. The release of the CKP relay operates
the SP2 relay thru the operated contacts of
the SP2 relay.. The SP2 relay operated wilil,
a - hold the SPl relay operated o the
ground on the CKP relay contacts. b - re-
lease the operated counting relays ILD to LE
and P5. When the CKP relay again crerates
to remove the ground from its 3 contact the
SPl and SP2 relays release. The release of
the SPl relay causes the Z relay to operate.
The Z relay operated will, a - elose thru
a path for the WR to operate when the SP1l
‘relay will agaln operate during interdigital
time, b - close thru a ground to operate the
SP1 relay when the P3 relay operates to stop
Interdigital time, ¢ - closes a circuit tc
operate the next steering, and 4 - release
the FDSl relay. When the CKP has operated
and released to count the number of pulses
for the interdigital time on the LC to LE
and P1 to P3 relays the SPl relay operates
when the CKP 1s operated after the P3 is
operated. The SP1l cperated will close a
circuit thru the Z relay operated to oper-
ate the WR relay. fThe WR relay will cause
the W relay to release and provides an addi-
tional locking ground for the SG relay.

The W relay released will provide a locking
- ground for the SG relay and close a path to
operate the BD.relay and release (FDS) re-
lay. The BD relay operated will short cir-
cult the polar supervisory relays SU and
SUR also the repeat coll. The next release
of the CKP relay will operate the SP2 relay
which wlll release the uperated counting
relays and hold the SP2 operated to the
ground on the CKP contacts. When the CKP
operates the SPl and SP2 relays will release.
The SPl1 relay releasing will release the WR
and Z relays: The Z relay released will
close a ground thru the cperated steering
relay, and operated register key to operate
‘one of the O to G relays. The O to 9O relay
operated will close thru a gréund to the Pl
to PO relays to stop the pulsing when the
proper number of pulses have been sent for
the diglt depressed. The WR relay released
wlll remove a locking ground to the SG re-

1zy.

14.014 Pulsing

Yhen the SPl relay féleasea, it_also_

removes the short circult around the P relay

contacts which are operated at this time.
With the P relay operated the T lead is
closed thru to the Tl lead and the BD relay
operated short circults the repeat coil and
the polar supervisory relay®SU and SUR for
pulsing of the diglts causing the polar re-
lay cperated to release. When the PG relay
reverses the current the P and CKP relays
wWilll open thelr 2 and 5 contacts. The P
relay crens the loop for the first open
period of the digit and the CKP contaet
functions the counting relays. The PG
relay wlll continue to pulse, reversing the
current until the combinatlon of P- relays
1s reached which connects the ground from
the O to 9 relay operated thru the P~ relays
to the inner winding of the SPl1 relay. The
ground from the CKP relay contacts will pre-
vent the SP1 relay coperating. When the CKP
operates to its 2 contact and removes the
ground from 1ts 3 contact the SP1 relay will
operate. The 3Pl operated willl cause the W
relay to operate. Both the SPl and the W
relay will short circuilt the contacts of the
P relay to prevent further pulsing of this
relay Irom belng effective on the loop. The
W relay wlll also release the BD relay which

wlll remove the short circult from the repeat

coll and the polar supervisory relays will
checkx the polarity of the trunk during the
period that the W relay is operated. The
SPl relay Initlally closes the short circuit
around the P relay contacts at the beginning
cf the interdigital interval and opens 1t at
the end of the interdigital interval, while
the W relay maintalns the closure when the
oPl releases during the interdigital inter-
val. The P relay operates to 1ts 2 contact
with the CKP relay and recloses the loop

for the last pulse of the digilt. Since the
WR relay is normal and the W relay is oper-
ated the lockling grounds for the SG relay
will be removed and the SG relay will re-
lease gince the polar supervisory relay will
be normal. When the BD relay removes the
short cilrecuit from around the polar relays
they areagain in the T and K circuit and if
the proper pclarity is stilY¥ on the trunk
the polar superyvisory relay will operate

and reoperate the SG relay. The SG relay
operated wilill remove the ground from the

midpoint of the PG relay and cause it to

Start pulsing again. The PG will pulse the
interdiglital time to completion as previous-
ly «described in paragraph 14.013 and then
pulse out the next traln of pulsesifor the
next diglt under control of the CKP and P
relays as previously described. When test-
ing four-wire E&M lead trunks, the dial
bulsing operates_the A relay YT option

Fig. 17 which repeats the dlal pulsing con-
verting the loop pulsing to M lead pulsing.

When all the digits have been pulsed

and the steering relay PS is operated 1t

- + Il.
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will, a - release the FDP relay 1n Fig. 1 a ground to operate the SG relay to qqg@tqyg
arid close thru the momentary open check, interdigital and pulse out the rest Of”théj*
b - release the DP relay 1n Fig, 10, ¢ - digitg:“'Should another OFF HOOK condition
close thru the TSUP lamp for supervislon, be enccuntered before the U steering relay
d - close thru a ground to keep the SDR is operated the SU relay will operate to
! lamp lighted steadlly, e - put a ground to close a ground to operate the RO relay and
the midpoint of the pulse generator to stop flash the OFL lamp. |
1t from pulsing and £ - open the operate .
path of the SG relay. The DP relay released, 14 .02 DELAY DIAL Start Pulsing Signal |
o - releases the DP1 relay, b - opens the N
' ST lead from Fig. 1, ¢ - removesg the puls- 14.021 Preparation
! ing contacts from the fundamental clrcuilt, -
d - closes thru the STA and SST steering | The preparation will be the same as
relays back to operate after the U diglt described in paragraph 14 .011 except that
operates and e - oOpens the path to operate the DPL key will be ‘operated instead of tThe
the SG relay for delayed closure time. The GO Key for the DELAY DIAL start pulsing
DP1 relay released, a - releases the LPD, signal. The DPL key Opératqd‘bperates the
LRD or BGD relayv, b - releases the BD relay, DPL. relay. The DPL relay operated, a -
c - removes the ground to the .contacts of closes a path to operaté the S_.L]‘-l relay .
l the CKP relay in Fig. 6 for operating the when the SU relay operates, b - closes a
' pulsing relays, d - releases the pulsling path to operate the RO relay 1if tﬁé“Sy relay
relays locked operated, and e - opens the operates after pulsing has started'gnd c -

! path of the pulse generator rG, P and CKP closes a path to operate the TSUP laﬁp when
i relays to the LPD and LRD or BGD resistance the 3 and 5 contacts of the SU relay are “
network. The BD relay released removes the closed. o )

short circuit from aronynd the repeat coll

and the polar supervisory relays. The LPD, 14.022 Delayed Closure -Time

LRD, or BGD relay released opens the puls- o

ing path, and disconnects the1QPD and LRD The circuit functlions ,the Same as
or BGD resistance network from the pulse described 2n paragr§ghl;HSO12;“ o
generator. | AL

14,023 Trunk Test and Completion of Timing
14.015 Trunk Polarity Test After Delayed o SRR ~

Closure Time Ihe_cirqpit;Iungtions,the same as
described in;ﬁ&fﬁgﬁaﬁﬁf{?{Olj'except that
When the test circuit has completed with the DPL ‘relay opérated, the SUR relay
delayed closure time and goes into the 1n- operated Will'closéié.Eydﬁhﬂfté'oﬁérate the
terdigital timing period, the pulse genera- SG relay to complete timing. E
tor stops pulsing and the polar supervisory |
relays are connected into the fundamental 14.024 Pulsing
circult to make a polarity check of the
trunk. Should the trunk be OFF HOCK with The circuit functions the same as
the GO relay operated the SU relay will op- desceribed in paragraph 14.014.
erate and in turn operating the RO relay. |
The RO relay operated will perform the same 14 .025 Trunk Polarity Test After Delayed
functions as described in paragraph 13,014 Closure Time
except that the DP relay will be released |
instead of the MF. | The circuit functions the same as
| described in paragraph 14.015 except that
14.016 Trunk Polarity Test Between Digits - the DPL key is operated for DELAY DIAL.
After Pulsing Has Started The DPL key operated the DPL relay. The
DPL relay operated arranges the polar
When pulsing has started and the BD supervisory relays so that if the trunk 1s
relay releases during interdigital time to ON HOOK after delayed closure time the SUR
remove the short circuit from around the relay will operate and in turn operate the |
TST repeat coil and the polar supervisory RO relay to flash the OFL lamp. The RO :
relay a check is made of the polarity of relay operated will perform the same func -~
the trunk. An OFF HOOK polarity of the sions as outlined 1n paragraph 13.014 ex-
trunk.-will operate the SU relay. With the cept that the DP relay will be released
S-GO key:.normal, the SU relay will close a instead of the MF relay.

ground .to operate the RO relay to flash the
OFL . lamp -and,perform the functions described 14.026 Trunk Polarity Test Between Digits
in paragnaph:13.Q1l4 except that the DP relay S

will be released:instead of the MF relay; The circuit will function the same
"“with theisfagrk§yﬂgperated, the SU relay as described in paragraph 14.016.

operated,will operate the SK1 which lights |

the OFL lamp. - When, the trunk 1is reversed Il4“03 WINK Start Pulsing Signal

to ON HOOK. the -8K2 relay will operate, the LA y

SU relay.will release and the SUR relay will i*“”OBl Preparation

operate. :The JUR relay operate will close The preparation will be the same as

described in paragraph 14.011 except that
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the GO and DPL keys will be normal. The
GO and DPL keys normal arrange the polar
supervisory relays SU and SUB for a WINK
start pulsing signal

14,032 Delayed Closure Time

- The cireuit-fuﬂctions the_same-as
described in paragraph 14.012.

14.033 Trunk Test and Completion of
Timing -

The circuit functions the same as
described in paragraph 14.013 except that

- with the GO and DPL relays normal when the

SU relay operates the second time for the
WINK o

14.034 Pulsing

The circult functions the same as
described in paragraph 14.014.

BELL TELEPHONE LABORATORIES, INCORPORATED
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14,035 Trunk Polarity Test After Delayed
Closure Tim& N |

The 01rcuit.functioﬂs the same as
described in paragraph 14.015 except the
G0 and DPL relays normal arrange the polar
supervisory relays so that if the trunk
is OFF HOOK after delayed closure time the
SU relay will operate and in turn operate
the RO relay to flash the OFL lamp. The
RO relay operated will perform the same
functions as described in paragraph 13,014
except that the DP relay will be released
instead of the M relay.

14.036 Trunk Polarity Test Between Dlgits

The circuit will function the same
as described in paragraph 14.016 except
that if the trunk is OFF HOOK during Inter-
digital time the SUR relay will operate.

The SUR relay operated wlll operate the
RO relay.
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