
-,. ~ . . -

J •• ~ 

. \ 

\ . 

~' 
l : •t ... 

!.'., • ..... . 

........... 

:; : ·. ~ ~ . ··· .... -. . <~;-· ~ -·· .. 
: 

CIRCUIT DESCRimOH 

CHAHGBS 

STBP BY SBP 818!1118 
NO. 1, '50A, '55A, ~A ORI~ 

CABLE PRO'l'EC'l'IVB DEVICB ALARM · 
CABLB iNSULATION ALARM AD 

PERMANENT SIGNAL ALARM CIRCUl'l • 
ARRANGED 'l'O OPERATE ON A SPBCIPIBD 

NUMBER OP PERMANENT SIGNALS 
PSB AND PSL BATTERY SUPPLY · : ' . . 

C. CHANGES IN CIRCUIT REQUIREMENTS OTHER THAN THOSB CAUSD Bl' 
CHANGES IN APPARATUS . 

C.l Adjustment intormation tor D relq added to C1rou1'. -~ 

-~ 

:.·.~~··, .OD-)1912~1 
. .:• • · • 1 Iaaue 7D 

Append1x 2B 
·Dws Iaaue 228 

Requirements ~ble. ·· . 
D. DESCRIPl'ION OP CHANGES 

D.l "C" lead added to fts. 1. 

D.2 Title revised to show "Cable Protective Device A~ oa 
all sheets. This phrase was also capitalized in title.· 
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SBP BY S'l'EP. S1S!IIIS . · . ; . · 
RO •. 1, 350A, 355A; 356A OR 360A 

CABLE PROTBCTIVB DEVICE ALAR11 
CIRCUIT IHSULATIOlf ALARM MD 

PERMANENT SIGNAL-· ALARM CIRCUit' 
ARRANGED '1'0 OPERATE Olf A SPBCUUD- ·· 

NUMBER OP PERMANENT' SIOHALS 
PSB AND ~L BATTERY SUPPLY : 

CHAifCJBS 

D. DESCRIPl'IOH OP CIRCuiT CJIAROBS 

D.1 The rating ol: thla circuit !:or 356A 
ol:l:icea ia cbanged to AI:M ·Oiil.J' a1no~ 

it 1a expected tbat there will be no t'Urtlaer 
demand ror new 356A dlal ort:icea. . . · _ · _ 

All other headlnsa, no C?han&e· 
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CDCUIT DISCRIPTIOI •. 

. . 
; .. ;., ":;.- :·. STEP BY STIP SYS1'DfS ·· · · . ~ · ' · NO. 1, 3SO~.! 3SSA..r. 3S6l OR 360A · : CABLE PROTISCTIVE uEVICE ALliUI . . · 

. . . ..... . .. 
..·. ·~ ... -

. . . ~ ' .. . CABLE ltlSULATIOh ALARM AID . • & 

PER!•fANENT SIGhAL ALARM CIRCUrt · ARRANGED TO OPERATE ON A SPSCIPIID ; . 
t~U)tBER OF PERMANENT SIOIALS 

, 
PSB A&\YJ> PSL BATTERY SUPPLY 

CJWiGIS 

B. CHARGES IH APPARATUS 

. 8.-l Added . Q .. . . ns. 9 . ·_, 
· · 1 - UAlO) RelaJ' ( CA) 

2 - lSAC Reaiatancea 
1 - 1771 Network .. ~ ~ 

D. DESCRIPTION OF CIRCUiT CHANG!S 

0.1 Fig. 9 is added to-receive alRnna from cable protective devices. - ~ 

D.2 Circuit Notes 103 ·and 106 ·retlect the addition ot Fig. 9• 
D.) 

n.s 
D.6 

Circuit Note 108, table ot network •alues 1-s added. : . 
Information Notes )Oi, 302, 30) and · 304 are added. 

Fu$e (C) is added to circuit Note 101. ..... 
Title wna previously: 

STEP-BY -STEP S.YSTEMS · : 
NO. 1, 350A, 3S5A, 3S6A OR 360A 
CABLE INSULATIQf ALAHM CIRCUIT PERMANENT SIGNAL ALARM CIRCUIT 

ARRANG~~ TO OPERATE 0~ A SPSCIFIID 
NU~:BER OF PW~ENT SIGNALS PSS ANP PSL BATT~Y SUPPLY 

·' All other headings under Cbanges, no change. 
1. PURPOSE OF CIRCUIT 

1.1 Pig. 2 in combination with Fit· 1 ia used to gi•e an alarm when a,, :itied ntt*ber or permanent signals occur aimultaneoualr. . . 
1.2 Fig~ ) in combination with Pig. 1 is used ~o give an alarm tor ind1c3tina an impendin~ cable failure where the break­down or the insulation occurs more or less· gradually. Complete service interruption may t&ua be torestalled when the alar. ia trana•itted sutticientlJ in advance or eol\plete ba-eakdoMl. . ~ : .. . .. .1 ...... , 

. .... 
i. I" 

1.) Fig. 4 provides 1'aci11ty tor tbe use or both a permaneDt aigDal ala~ aqd cable 1nsulat10D alarms in the aa.e ottl~ or tor a number.ot cable inaulat!OD ala~, 
ci~cuits in th' same ottice. ! 
1.4 Figs. s, 6 and 1 provide .. ana tor \ applying the CI rel&J' to the cable ' conductors at approximately 20-minute · ' intervals in No. 1,. )SOA or )S~A Otticea •. 
l.S Figs. S and 7 rrov~de means tor ap-. plying the CI relay to the cable. · conductors at 1ntervnla ot 2 to 4 llira­utes in the 3561 Otticea. 
1.6 Provides means.to give an alarm indl· cation from cable protective devices •. 
2. WORKING LIMITS 

2.1 Adjustable for operatior. on any nUll• ber ot simultaneous perm&nent signals trom 2 to 41, inclusive. · · 

2.2 Provision is made tor tour conditions · ot cable insulation failure as given in Workinc Limits Table. 
2.) Relay (CA) UA103 

Max. Ext. Ckt. Loop - )Sl~~ (4S-S2V) . Min. Ins. Res. - 20,000 Ins. Resistance 
3. FUNCTIONS 

3.1- For Figs. 1 and 2.· 

3.11 To indicate when a ~ecit1ed number of permanent sisnals occur aimulteneoual~· 

).12 Provides tor operat~ on permanent . signals rrom first selectora. eub-scribez·s line circuit arranged tor lockout or a combination ot botb. · . 
).1) Provides tor giving a permanent air.nal ale~ i~ the same or diat•nt ottice. · · 
).14 Provides me:.ns tor distontir.ulns aud 1 ble and wtaual al•na. . · 

..,· 

~' (; 
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).15 Provides me3ns for re~torlng the 
sensitrol rel~y to norm~l under con­

trol of ~ miscellaneous alarm and register 
circuit or alarm checking circuit. 

).16 Provi~~~ for optional means ot re­
storing the sensitrol relay. 

).2 For Figs. 1 and ). 

).21 To indi~ate if the combined insula­
tion of a £roup of cable pairs falls 

below a specified insulation resistance. 

).22 To indicate the particular group ot 
cable pairs in which fRilure occurs. 

).2) Provides for givin~ the alarm in the 
same or di~tant office, this alarm 

being the same as given for permanent 
signals. 

).'4 Provides means for discontinuing 
audible and visual alarm. 

).25 Provides means for indicating the 
&mount of cable insulation at all 

times. 

).26 Provides means for varying the cur-
rent in the scnsitrol relay to adapt 

it to any one of four cable insulation 
conditions. 

).27 Provides means for restoring the 
sensitrol relays to normal under 

control of a miscellaneous alarm and reg­
ister circuit, alarm circuit or alarm 
checking circuit. 

).28 Provides for optional means of restor­
ing the sensitrol relay. 

).) For Fig. 4 in combination with Figs. 2 
and ). 

).Jl Provides means for opening the SO-ohm 
· sensitrol relay windings separately 
when more than one alarm circuit is 
installed. 

).4 Figs~ S, 6, 7 and 6. 

3.41 In the No. 1., )50A, )60A and )5SA 
Offices Figs. 5, 6• 7 and 8 provide 

means for applying the CI relay to the cable 
conductors at intervals of approximately 
20 minutes to minimize the possibility or 
false alarms due to lightning discharges. 
For the )56A Offices the interval is changed 
to a period of 2 to 4 minutes. 

).5 Fig. 9 

).51 Provides means tor providing an alarm 
indication from cable protective 

devlcea. 

· Page 2 

4. CCKNECTING CIRCUITS 
. ..... 

When this circuit is listed on .. keJ ~- ... 
sheet, the connecting information t~ere~ • 
is to be followed. . .. 

4.01 Subscriber Line. Circuit Arranged:. 
for Permanent Signal Lockout -

SD-31777-01.• . . . 

4.02 Switch Trouble Alarm Circuits -
SD-31515-01 and SD-)156)-01.• 

4.0) Miscellaneous Alarm and Regi8ter 
Circuit - SD-)1798-01.• . 

4.04 Alarm Checking Terminal Circuit -
SD-)18)5-01. 

4.0S Pilot Lamp Circuit - SD-)1548-01.• 

4.06 Pilot Lamp and Power Alarm Lamp 
Circuit - SD-)1573-01. 

4.07 Audible and Visual Alarm Circuit -
SD-96188-0l. 

4.08 Miscellaneous Alarm Circuit tor 
Aisle Pilots - SD-)1970-01.* 

4.09 Z..!isce-llaneous Alarm Circuit for 
Al&nn Control - SD-)1980-01.* 

4.10 Cable Insulation Alarm Circuit -
SD-96)48-01. 

4.11 Common Timing Ckt. - SD-)1)10-01 
No. J50A Dial Office, SD-)1556-0l 

No. 1 Office.* 

4.12 Permanent Signal Timing Ckt. 
SD-)1844-01 No. )55A Office. 

4.1) Alarm Circuit - SD-)2145-01 
No. )56A Office. 

4.14 Misc. Alarm Circuit - SD-)1209-01 
)60A Office. 

.. 

4.1; Cable Protective Devices Arranged to 
Extend Alanus to Central Offices -

Cathodic Protection Rectifiers, Gas Reser­
voir Contactors, Manhole High Water Level 
Indicator, etc. 

*Typical Circuit 
DESCRIPTION OF OPERATION 

S. GENERAL 
5.1 Permanent Signal Alarm Circuit 

·· .. :.;~~{j 
·.:·. \ • , 

. .. 

-~: '-"' -~ 
' " ... i 

) •. ~~~-1 

"'--../· 

' 

'cj 
·v 

The sensitrol relay (SR) and teat 
resistance network in Fig. 2 are per- . 
oanently connected as a part of the PSI 
battery supply to tho first selector. 
circuit 800-ohm (B) relays and aa a part 
of the PSL battery supply to 1000-oba 
relay windings ot subscriber linea arranged · 
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t•··:>.~ · ·.-/·. to!'" iock~out. When a first selector is effect on the relay when tbe .wlftcllae la apia 
:· sc.·1.3ed and before it cuts through, the (B) restored to the cable batter, aapply. fti 

: rolny remains energized az:ad other first series sbun~ing ettect on the. relay W!DdfDI · 
~~. •.: selectors as they are seis~ connect addi- . also m,_nimises any crossfire due to rlnsias 
"':~ ~- ti-onal (B) relays ~o the ~B battery supply. voltage thllt 1'rom tiaatt to tl• aN lllpreaaed ... ·: Similarly· a subsc.ri~ra ltne circuit when on the wozkin~ patra or the cable.. · ·. ~ :.locked out conneete g~und t th~ a 

·~.(i::·.-·· ·.· ... · 1000-obll relay. winding to ~he PS batteJT It as aeswnecl !n tbe caae o~ cODdt-.. · supply. As. the number· ot. a·electors or tion 1, the· total insulation ot the cable 
.'.subscribers lines or a con~~nation or botb connected to the network doea not tall below " · in a permanent signal condition is increased. 86,000 ohms, .the relay will not recelYe ... ,,· .. , 

' ·" 
..... •;.• fc ... 

r"\ 
·~ 

v-'· 

•' 

'· 

... "• 

· .. ·.1·.· .. ;. 

·· the current drain is increa:sed and propor- enouth current tor the relay needle to reach 
·. tionately more current tlo~a through \he the end or its indicating scale and it wil\ 
50-~hm winding or the sensitrol relay (SR) continue unde~ this conditi~n ot nonoperatlon ·until.' it operates· and give~'an alarm. indefinitely or until the total cable inaula-··. :•.. . tion or the. eQnneeted pairs falls below · . .- ·.s.z · Cable Inaulation AlJim Circuit 68,000 o~. At 50,000. ohms the rela7 re­

The sensitrol .relay {CI) and teat 
resistance network in Plg •. /3 are connected 
from 48-volt battery to the ring c(~nductors 
ot several vac~nt cable patr 9f an exc~~nee 
cable, the tip conductors be1alf grouuded. 
The normal variation in the total insula-

. ·t1on or thest\ cable condue;\:.ors reaMin too 
.high tor the sensitrol relay n~edle to reach 
the end or its indicating scale. It, how-

. ever, -the insulation tor some r~3son is 
· ldwer~d the relay needle will swing to the 

end or its 12~ ma scale an,t. ~tick nnd r;ivo 
· an alana. ' · .. ~~ · 

.... . . '~ ~:;. 

6. RESISTANCE METWORICS 
. ; 

· 6.i Perman.ent Signal Cir~it 
: • 1 • • ~ • • ; .·: 

The SO-ohm winding or the sensitrol 
relay (SR) is connected in the resistance 
network ot Fig. 2 in such a way that only a 
very small part ot the current drain rrom 
.the·PSB BAT and PSL BAT bus bars tlows 
·through its winding. By cutting different 
combibations of the.straps that are fro­
vided·, the amount ot current ·in the SR) 
winding can be controlled and the relay 
therefore made to oper;ate ~n ... any desired 
number 'ot permanents. ~ 
6~~2.'-. ·-~Cable Insulation .Het~rk 
-~~2{ ~-,1~. 8 t . 

• • • 4 •• .... ;. -~ • • • ~ ~ 

This network compriaes.a series shunt 
.·wiring arranr.ement in which ~the 50-oblll 
l winding_ of. the sensitrol relay (CI) is con­

nected in shunt With the battery path that 
supplies ·batte~ t·o the ( R) ·conductors ot 
the vacant:eable pairs, ground being con­
nected·to the ~1p eon~uctor~'- Through the 
use ot •an, "E" and "F" strapping it will 
readilY be seen thot·anf one or tour ditfer­
ent series shunt condit ons are set up ror 
the sel)sltrol relay winding, thereby pro­
viding .for ditterent insulation reaiatarace 
values on which the relay will operate. 
Whatever ~he condition, it wlll be observed 
that the SO-ohm winding ot tbe (CI) relaJ 
1a always included in the shunt path so that 
when th• relar.operates, only the shunt 
pa~h is. '!P.en.eCS; leaving batt~!"7· always con­
nected· ~o t_he ·.cab).e •. T,bis aa!iiimisea the 

aE: :-~:- ··i£f:; .<·;·' ,, .. :~!· . 
. . l' 

. - , . . ..:,. 

ceives enopgh current to operate even under 
the most severe conditions; The accuracr 
nf each indicating relay in a particular 
rtetwork may readily be determined so that 
when required,. the indicating scale or the 
relay m:.ay .be so tntnslatecl into oblls rep.. 
resenting total cable inaulatioo. . 

·I 
6.22 Pig. A · ,. 

Prior to Issue 5-D ot this circuit 
the network was according to Pig. A and· 
th~ test conditions were governed bJ the use 
ot "K", "~1", "lt" and "Q" wiring. Otherwise 
the description in Item 6.21 ~ppllos to 
this figure ~lao • 

6.2) \ifttere it' is required to provide ·lor 
· alarms on more than oneJroup ot. 

cable pairs, Fig. 4 is provid • In tbla 
case when any one or ~he (CI) reloya 
ope1·ates, relay (t;) or. Pig. 4 will o~rate 
and open the ope~tin~ windinfs o~ all the 
t.ensitrol relays. Pig. 4 wil also be · 
provided in offices where both permanen~ 
signal alarm and cable insulation alam 
ei rcuits are .~qui red. 

7. CABLE INSULATION T])liNO ClkCPl~ 
· FIGS. 5, 6_ and 7 

7.1 a·elay ·cp~ Fig~ 5 ia operated th~ 
its P winding trom Figs. 6 7 or 8. 

When operated, it connects the cf sena1trol 
relay to the cable pairs. This intermittent 
connection is to reduce the likelihood ot 
false operation or the alarms du~ to tran­
sient conditions in the outside plant, such 
as may occur during thunderator.a. 

ftmtng Relayo - Pi"• 6 - lo. 1 and 350A Ottice 

The common timin£ ctreult CODftecta 
ground over lead A2 t~r six seconds ever, 
22 mtnutfts tor op~r~tion ot CP2. CP2 
operates CP, ,t~. S and releesAa slOw ro­
lea~• relays CP) and CP4 in succession. 
The releas• or CP4 releases CP~·whieh thue 
remained operated tor approx1atilt•lY. 6/10 
to one second. : · !: ,,...1 . 
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7.3 Timing Relays, Fig. 7 - No. )S5A and 356A O£fice · · 

Cround from lead STl operates the 20-second timAr in No. 355A offices and in )56A offices using Alarm Circuit SD-)2145-01, Issue 3-D or later, or the 2-4 mi~ute timer in No. )56A offices·using SD-32145-01, Issue 1 or 2-D. The timer in turn operates · CPl Fig. 7, every 20-30 minutes or in 
ear~iP.r No. 356A offices, every 2-4 minutes. 
7.4 Timing Relays.- Fig. 8- Ro. 360A Office · · 

Relay.CP) operate~ in 20-)0 mlr.utes 
~hrough the b~ck cont~ct of relay CP'., and when operated, opcrat~s CPl, and in 
tur~ CP Fig. 5 an~ slow operate relay CP2, 
Fi~. 8. C?2 opens the circuit for CP), which releas~s in 1/~ sec. max., but as CP2 
wa~ ~low to OD9rate, CPl received ~fficient 
so~k to rele2se slowly. Thus CP, Fig. 5, remains operated long enough to allow CI to operate if low c3ble insulation exists. 
8. ALA~t OPERATION 

A.l When the sen~itrol relay (SR) or (Cl) contacts close they ant prevented from openinc ag3in no~ally by the pull exerted by a small bar magnet on a piece or irnn connected to the pointer or moving con­tact. The cnntacts closed connect ground either directly to relay (A) of Fig. 1 or first to the (E) relay of Fig. 4 then to the windin~ of relay (A) w. hich operates, in turn operatinf relays (B) and (CJ. Relay (E) or relay A) of Fig. 1 operated opens the circuit to the 50-ohm sensitrol operating windings to protect them against excessive current and lead "SR" is transferred from the winding of relay (D) to the 900-ohm 
sensitrol restoring solenoid windings. Relay (C) operated lights red alana lamp 
(MP') and connects ground to various leads for li~tin~ aisle _pilot lamps and sen~ing an alai'P'l to the operator office or test deek or giving an audible alarm signal. 

8.2 When connection is made to the al~rm 
cpecking terminal to.determine whether the al~rm condition is still present, ground is conn~cted tn lead "SR" energizing the 

sen~itrol r~storing solenoids, and operating relay ct through its s winding to keep relay 
C1 4FOnntcted to th~ cable conductors. The sen$itrt1 contacts are forced apart releas­ing rel•y (E) if used and relay (A). Relay 
(A) reltased opens the circuit to relay (BJ, closes lhe sensitrol operating windings and 
op~rate; relay (D). Relay (D) opera~ 

B~ TE{..EPHON.E LABORATORIES, INCORPORATED· 
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locks to ground on lead •Sit• and opens the , . 
circuit to th~ensitrol r ...... -.... toring solenoid~. 

0 Relay (A) is s16w releasin&,;so the (SR) re- .· lay contacts will be restoftd · · to normal .. be. fore relay (D) operates anct:fipens the · . . . · restoring circuit. Relay ·(a) releases 1ft . . f turn releasing relay (C) which removes . · . ~ · 
~round from the alarm leads and extinguishes . lamp (l.W). When the operator disconnects . · from the alarm checking terminal ground • f is removed from lead "SR" releasing re- ,. lays (D), CP and restoring the circuit to normal. 

It when relay (A) releases attar the sensitrol is restored to normal a cable alarm condition still exists or a sufficient number or permanent signals are still pres­ent to operate the sensitrolJ it reoperates in turn reoperating relays(A, (B) and (C). Relays (B) and (C) are sl~w releasing so . when this condition occurs rela~ (C) will not be released berore the circuit is re­energized and ground will stay on the various lamp signal and alarm leads. 

8.J With "ZA" Wiring and Apparatus 

The honlocking switch (AL) and relay 
(AL) provides for cutting off the audible alarm and pilot lamp signals. The lock-ott in this case continues however, only as · long as relay (C) of Fig. 1 remains operated. 

This wiring and apparatus also pro­vides a nonlocking switch (RS) which may be operated by the maintenance force tor determining whether the alarm condition 1a. still present. The operation of this switch has the same effect as groundina lead "SR" described in Item S.2 abov•• 
8.4 With "ZC" Wiring and Apparatus 

A ~onlocking switch (RS) is provided in order that the maintenance force may use 
1 t to determine whether an alarm condition is still present. The operation ot this switch has the same effect as-a ground on the lead "SR" as 1escribed in Item 8.2 ~nd is used in the 356A otrices only. ,r 

f 
~·o •• ... . . 

9. AL~.IL\l TRUNK RELAY FOR CABLE PROTECTICii 
ALA~! TRUNK FIG. 9 

9.1 When a cable protective device ,:, '-
operates it exte~ds the alarm to the 1 central office by closing the loop and . . ~ operating relay ( CA). Ground on lead C oper-· ates relay (A) or Fig. 1 to start the -ala~ . 

signal circuit, as covered. in Par. 8.1~ __ .· · -~ _ . ' 4 
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