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This Method of operation was prepared from. Issue 19 or Drawing T-501445. 

METHOD OF OPmATION 
panel System - Testing Circuit - Schematic - For Line Finder Starting Test 
Set 

IEVELOP?ENT 

1. PURPOSE OF CIRCUIT 

lol This circuit is used for testing the start circuit in panel 
line finder otfi ces • 

2. WORKII-D LIMITS 

2ol Noneo 

OPERATION 

3. PRINCIPAL . FUNCTIONS 

The principal functions of this circuit are as follows: 

3.1 To test the ( STA) and ( GA} relays in the start circuit and . 
indicate by means of the (ST), (X), (K) and ( GA) lamps, the satis­
factory or unsatisfactory operation of these relays and the con­
tinuity of the associated leads. 

3.2 'l'o test the ( S'IB) a.nd ( GB) relays and associated le ads and 
indicate the results by neana of the lighting ot the ( ST) , (X) , 
(K) and ( GA) lamps. 

3.3 To test too (CA) and (SA) relays and leads associated with them, 
indicating the results by means ot the (CA} and (SA) lamps. 

3.4 To teat the (CB) and (SB) relays and the associated leads, indi-
cating the results on the ( CA) and ( SA) lanps. 

3.5 When two classes of service are provided to test the o~ration 
of the ( CLl) or the ( CL2) , ( CL3) and ( CL4) relays by the operatioll 
of key (CLl) or (CL2) respectively. 

3.6 To test the relatiTe operating speeds of the (STA) and (srB) re-
lays and of the ( GA} and ( GB) relays by means of the ( A) and (B) 
lampso 

3o7 To test the continuity ot the -"K" leado 

3 0 8 To teat the operatio_n ot the (KF} relay. 
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4 o CONNECTING CI Rct.JI 1S 

4.1 panel line finder start circuits. 

DESCRIPTION OF OPERATION 

5. PREPARATION 

When testing the start circuit of panel line finder equipment, Jhe 
patching plug which normally patches the ~rip and line finder circuits 
to the start circuit, is replaced by the plug ot a flexible cord which 
terminates in a portable box containing the equipment of this ci rcuito 
A patching cord is used to furnish battery and ground to the teat cir­
cuit through the battery jack in the box, from a similar jack located 
on the line finder frame. 

When only sub-group ,,.A" lines and line fi::1 ders are equipped, connect 
grrund to the 2B contact of the (CB) relay of the start circuit whi e 
making the testso 

When only sub-group "B" lines and line finders a.re equipped connect 
ground to the 2B contact of the ( CA) relay of the start circuit while 
making the tests o 

If the start circuit 1s arranged to work with line g1•ouJt:J having t wo 
classes of service in the same group then one series of tests should b e 
ma.de with tre {CLl} key operated and the tests repeated with the (CL2) 
key operated. 

6. (STA) RELAY TEST 

The (STP) key is operated until the (.A): lamp lights. The (STP} key 
0IX3rated, operates the ( STP} mgnat. As the ( STP) mag~t operates its 
operating circuit is opened at its break contact end the magnet releases, 
advancing the test select.or to position lo - Wbe n the test selector is in 
position 1, the (Al relay operates, lighting the · (A} . lamp, indireting 
that the test circuit has moved off normal, and that test 1-s being made 
on the ( STA) and ( GA) relays of the start circuit. When the ( STP} key 
is released, the (A) relay locks to ground on the ( DISC) key·, and the 
(TR) and ( TR-1) relays operate over plug spring 4 to battery on the 
break contact ot the stepper magnet ( G) of the start circuit under test o 

The (TR} relay- operated, iocks through its 600 ohm winding, oi:erating 
the ( STA) relay in the start circuit over plug spring 150 · rt key tCLl) 
or (CL2) is operated, ground for locking relay (TR} canes from the back 
contact of relay (ST) of the start circuit over plug spring 2 or 3. The 
function ot the ( STA) resistance is to reduce the current through the 
winding of the ( STA) relay to a value equal to the operate test require­
ments ot the (ST.,_'\) relay. The (STA) relay in the start circuit operated, 
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(a) opens the circuit through the winding of the (TR-1) relay and the 
700 ohm winding of the ('rR) relay, releasing the (TR-1) relay, (b) 
operates the (STP} magnet ( G) in the start circuit, and (c} connects 
ground through plug springs 1, 5, 10 and 17. I the-{-e!;-1}- o-r~ 
key i s--op8Pa-taed, . the co nne-e-ti otr of g'round-.to--plug s p 1-ng 17-- w 1.J.l be 

,,,delayed, as the clos.ing f gro-und to plug springs 1 -and 5 will operate -' 
--the ·( ST) relay-of-th~rt circuit wh-i-Ch _111.-1-1 remove tlie short cir-
1".l:it from the s..:tar.:L-circui t ( CLl} and ( CL2) relays, one -of which will 
operate in serje wi .. t ,h :Palay ( STA n he 600 ohm winding af {'m) re .. 
ley and wiU_ ca-ua-e ground to be connected to the spring of relay (STA) 

s-wh-i-eh in tw:.n_is..el..ose plug.. spring 17. Ground on plug spring 10 
operates the {X) relay, lighting the (X) lamp. Ground on the plug 
spring 1, advances the test selector to posit.ion 2. When the test se­
lector is in position· 2, the ( ST) lamp lights. The (X} lamp lighted, 
indicates the- closure of the make contact of the ( STA) relay, and the 
continuity of the lead connected to plug spring 10 ,. The (ST) lamp 

· lighted, indicates the continuity of the leads connected to plug 
springs 1, 4 and 15, .and that the (S'rA} relay and tre stepper magnet 
{G) have operated eatisfactorily. If the lead to plug spring 4 is 
open, the (TR) and (TR-1) relays do not operate and the (ST) and (X) 
lamps do not light. If the lead to plug spring 15 is open the (STA) 
relay does ~ot operate and the (X) lamp does not light. 

7o (GA} RELAY TEST 

With the test selector in position 2, the (ADV) relay operates and 
loacs· to ground on the (DISC) key, operating the (LP) and (LP-l) relaye 
from ground on plug spring 17. The ( LP) relay operated, lo eke through 
1 ts windings in series to ground on the ( DISC} key, and operates the 
(GA) relay in the start ch•cuit over plug spring 7o The function ot 
the (P) 1 ( Q), (R} and (S) resistances is to reduce the current through 
the winding of the (GA) relay to a value equal to the operate test re­
quirements of that relay. If ( CLl) key is operated, the resistances -
00 and {Y) are closed in series with the (G.A) relay-- in place of re-
s1 stances ( P) , ( Q) , (R) and ( S) • Thia arrangement is provi dad because 
the ( GA} relay has a different adjustment when the start circuit hand lea 
calls from line groups arranged to provide two classes of service .in the 
same group. rt key (CI.2) is operated, the (Z) relay 19 ohm winding 1s 
placed in seri es with the ( GA) relay and in t -hi s case the ( GA) relay has 
an additional shunt in the start circui to When the ( GA) relay in the 
start circuit operates, it locks to ground on the ( STA) relay or that 
circuit, operates the stepper magnet (A) and disconnects ground fran plug 
spring 17, releasing the {LP'.""l) relay. The (LP-1) relay released, oper-

. ates the ( GLP} relay. Ir the ( CL2) key 1s operated, the release of the 
(LP-1) relay will not close a circuit directly to operate relay (GLP) but 
will await the operation of relay (Z) which will operate and lock and 
will close a· circuit through the back contact of rel~y (LP-1) to operate 
relay (GLP). T:m (GLP} relay operated locks to ground, extinguishes the 
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(ST} lamp, li~)lts the (GA) lamp and advances the test selector to posi­
tion 3. The (GA) lamp lighted, indicates, toot the (GA) relay has 
operated, and the continuity of the leads connected to plug springs 7 
and 17. If trouble is encountered during the test of the (GA) relay, 
the (GA) lamp fails to light and the {ST) lamp rerrl:linB lighted., 

8. TEST OF K IE AD Vil 'IH "r wmING 

With the test select.or in position 3, the (STA) relay of tbe start 
circuit is held operated over plug spring 6 to ground on arc ( AJJV) o 

This same ground on plug spring 6 through the break contact of the (SA) 
relay in t:00 start circuit ia connected to plug spring 15, shcrt cir.:. 
cui ting the 600 ohm winding of the ( TR} relay, which releases. This 
test is similar in operation to the K commutator of'. the line finder cir­
cuit, which connects ground over plug spring 6 and short circuits the 
winding of the (TR) relay in the trip circuit in the regular operation 
or the line finder equ1pIIJ9nt. Tl'i3 { TR) relay released:, advances the 
test 8eleotor to position 4. .ii.B the test selector advances from position 
3, tbe (GA) lamp is extinguished, the (GLP) relay releases, also relay 
(Z), if operated releases, and the holding grrund for the (STA) relay in 
the start circuit is disconnected at arc (ADV), releasing the ( STA) relay 
which in turn releases the {GA) relay, and the (X) relay of this circuit. 
The (X) relay released, extinguishes the (X) lamp. With the test selec­
tor in position 4, and· the ( GLP) relay released, the (K) lamp lights indi­
cating that the (STA) and (GA) relays have operated, a.nd their associated 
leads function satisfactorily. If the leads connected to plug springs 6 
or 15 are open, the (K) lamp fails to light and the ( GA} lamp will -rermin 
lighted. 

9 o TEST OF "~ LEAD Vv"'ITH "'T' Vv"IRI NG 

With the test selector in position 3, the (STA) relay is held operated 
over plug spring 15 thru the 600 ohm winding ot the ( 'IR} relay. In posi­
tion 3 the pri r!Bry winding o t the ( K) relay is connected to the "K" lead 
over plug spring 6. The (K) relay will operate indicating that the "R!' 
lead is free from direct ground end is continuous. The (K} relay locks 
thru the secondary winding and connects direct ground to plug spring 6. 
The ( m) relay will be short circuited. and released. The { TR) relay re­
leased and the (K) relay operated closes a :[Xith to mo-ve the test selector 
to position 4. The circuit then functions as described in paragraph 8, 
except that (K) relay releases as the test selector advances from posi­
tion 4o 

;l.Oo TEST OF OPERATION OF ( KF) RELA.Y 

With the (K]l key operated, the circuit will function as described 
in paragraph 9 while the test selector is in position 3 except that 

. the ground from the test set for short circuiting the ( 'IR) relay 1 s 
o~n at the (KF) keyo Under this condition the test set will wait 
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unt11· the (KF}, relay in the start circuit operates and the interrupter 
closes and connects a · ground on plug spring 15 which will short circuit 
the . (TR) relayo The path to move the test selector out of position 3 
will then be closed thru the back .contact of the (TR) relay and the 
front contact of the _(K) relay. 

( STB) AND (GB} RELAYS TEST 

The (STP) key is again operated until the {B) lamp lights. As the 
{STP) is operated the (A), (ADV) and (LP) relays release, and the test 
selector is advanced to ·position 5, extinguishing the (K) lsnp. When 
the test selector is in position 5, the (SW}, (SW-1), and (SW-2) re­
lays operate. The (SW) relay operated, lights the (B) lamp, indi<Bting 
that tests are now being ma.de on the (STB) and the ( GB) relays of the 
start circuito When the (-B) lamp lights, . the (STP) key _is released, 
causing the (TR) and ( TR-1) relays to operate over the same circuit 
and function in a similar manner to that described in paragraph 6. Fro~ 
this point on the (STB) and (GB) relays are tested in a manner similar 
to the manner in which the · ( STA) and ( GA) rel ey s were tested. Ref'er­
enc e made to the ( STA) and (GA) rela~rs and (STP) magnet (A) should be 

. read · as the (STB) and (GB) relays and the ( SI'P) magnet (B) ~ and ref'er­
enees made to plug springs 1, 6, 'l, 10, 15 and 17 should be read as 5, 
12, 13, 14, 16 and 18 respectively. The clrcuits for this teat are 
through the make contacts of the ( SW) , ( SW-1) , ( SW-2) relays, instead 
of' the break contacts. · Tbe test selector positions 1, 2, 3 and 4 of' 
the previous test, correspond to positions 5, 6, 7 and 8 respectively 
of this test. \h th the test selector in pos1.tion a, the (K) lamp 
lights, provid.ing tests of the (STB} and ( (e) ·relays prove satisfactory 
as described in paragraphs 8, 9 and 10. I .f' ( CLl) or ( CL2) key is 
operated, relay ( GK) will operate and lock in position 8 of' the test 
selector. ( GK) relay operated pro vi des an operating circuit f'or the 
start circuit ( CLl) relay. 

( CA) AND ( SA} _ RELAYS TEST 

The (STP} key is again operated until the (A-BB) lamp lights, dis­
connecting the locking ground from the (SW), (SW-1), (SW-2) ·, (LP) and 
{ADV) relays, which release, advancing the test selector to position 
9. When the test selector is 1:n poflition 9, tle (511-2) and (SW-3) re­
lays operate. The ( SW-3) relay operated, lights the {A-BB} lamp and 
connects ground to plug spring 15, o:i;2 rating the (STA) relay in the 
start circuit. The (STA) relay operated, operates the (C} relay of' 
the test circuit ove_r plug spring 10 and short circuits the 500 ohm 
wind 1ng of the ( CA) relay in_ the start circuit. If the start circuit 
is arranged f-or two classes of service, the operation of the ( STA) re­
lay in the start circuit will ·operate relay (ST) which remves the 
short from relay ( CLl)- which operates from battery through resistance 
(Z) and a contact of relay ( GK) of the test circuit. If the short 
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around t!le v.-i nding of the ( CA) relay is ineffective, the { CA) relay 
will operate causing (CA) lamp to light es hereinafter described. If 
the (CA} lamp does not light it indicates that the short around the 
winding of the (CA) relay in the start circuit is effective. {REL) 
key should be operated disconnecting ground from plug spring 159 re­
leasing the (STA) relay in the start circuit. When-the (STA) relay 
releases, the short around the winding of the (CA) relay is opened, 
allowing the. ( CA) relay to operate 'to ground on the contact of the ( C) 
relay, and ground is disconnected from plug spring 10, but the (C} re-

. lay is held operated from ground on the con tacts of the ( REL) key o The 
(C) relay will not release during the operation of the key, due to its 
slow release characteristics preventing the ( C.A) relay in the start 
circuit from releasing, by the disconnection of ground from plug spring 
llo · The (REL) key operated, also operates the (RG) relay. The func­
tion of the (H) am ( I) resistances is to reduce the current through 
the inner 'Winding of the ( CA) relay to a value equal to the operate teat 
requirements of that relay. When the ( CA) relay of the start circuit 
operates, it locks through its 1000 ohm winding, in series with the (CL) 
relay, which operates. The ( CL) relay operated, in turn o~ rates the 
(CL-1) relay, lighting the (CA) lamp, and advancing the test selector to 
position lOo If the lead associated with plug spring 11 is open the (CL) 
re lay would not operate, and the ( CA) lamp would not light. When the 
(REL) key is released ground is again connected to plug spring 15» oper-
ating the (SA) relayo The function of the (T) or (T) AND (U} resist-
ances is to reduce the current through the winding of the (SA) relay to 
a value equal to the operate test require!"lents of that relay. The (SA) 
relay operated, in turn operates the (S113) relay. The (STB) relay oper­
ated, connects ground to plug s~Jrings 14 and 18, relea.ai ng the ( CL) re-
lay and holding the ( CA) rel~:'l of the start circuj_ t operated o The ( CL) 
relay released, releases the (CL-1) relay, extinguishing the (CA) lamp 
and advancing the test selector to position llo When the test selector 
advances from position 10, the (SW-2) and (SW-3) relays release, extinguish­
ing the (A-BB) lamp and when the test selector is in position 11, the 
(SA), lamp lights. In order to prevent the time alerm being brought in 
by the start circuit, (RB.."L) key should be operated within 2 seconds of 
the time that (STA) relay operates. \ivhen testing start circu.i ta arranged ) 
for 2 classes of service in the same group, ( CL) relay may o~ rate and · 
cause ( CA) lamp to light if (REL) key is not operated within this t ·1me, 
even if (CA) relay has not operated. rn start circuits not arranged for 
two classes of service, the operation of {S'113) relay operates the test 
circuit (X) relay over plug spring 14, this will cause (X) lamp to light 
in case the shunt around the { CA) relay was not effective. In start cir-
cuits arra~ed for two classes of service, the circuit for operating (CL) 
relay is over plug spring 14 and front contacts or (GK) · relayo In start ) 
circuits not arranged for 2 classes of service, the circuit for operating 
( CL) relay is over plug spring 17. Should the shunt around ( CA) relay be 
open when ( C) relay first operates, ( CA} relay would operate and lock as 
above, in series with ( CL) relay, operating it, ( CL-1} and ( CL-2) relays 
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1t0uld operate, (CA) lamp would light, the switch woµld step to positi.on 
10, (SA) and {STB} relays would operate and {CL) relay would be shunted 
down ~s above, but provided {REL) key is not operated, (RG) relay will 
not be operated and (CL-1) relay will lock, preventing the switch from 
stepping out of position 10, and k·eeping ( CA) lamp lighted. 

13. ( CB) AND (SB) RELAYS TEST 

When the ( SA} lamp lights, indieat ing that the ( CA} end ( SA) relays 
have functioned, or that the test selector has been advanced, the ( STP) 
key is again operated·, until the (B-AB) lamp lights, indicating that 
the test of the (CB} and (8.B} relays of the start circuit is now being 
made. The (STP) key operated, opens the locking circuit of the {RG) 
relay which releases, end advances the test selector to position l2p 
operating the (SW-3) ,· (SW-4) and (SW-5) relays. The (SW-4) relay oper­
ated, lights the (B-.AB) lampo When the lamp lights the (STP) key is 
released, closing iocking ground through the windings of the ( SW-4) and 
(SW-5) relays. From this point the circui~ functions in a similar man­
ner to the test of the ( CA) and ( SA) relays, wtth the following excep­
tions. Ref'erence made to the ( CA) and (SA) relays, should be read as 
the . (CB} and ( SB) relays respectively, and reference to plug springs 
lOp 11, 14, 15 and 18 should be read as 14, 8, 10, 16 e.nd 17, respective­
ly. The circuits for this test are traced through the make contacts or 
the · ( SW-4) am ( SW-5) relays, instead of th-e break contacts, .and through 
the break contacts or the (SW-2) relay instead or the make contacts as 
in the test of the. (CA) and (SA} relays. The test selector positions 9, 
10 and 11 of the previous test correspond to the positi ona 12, :13· and 
14 o:t' this test. · 

14 •. RELATIVE SPEED TESTS OF (STA} AND ( STB) RELAYS 

When the (SA) la.mp lights, indicating that the (CB) and (SB) relays 
have functioned or that the test c1rcu1 t has been advanced, the (STP) 
key is again operated, advancing the test selector to position 15 and 
releasing the (SW-4) and ·(SW-5) relayso When the test selector is in 
position 15, the ( T) relay operates, operating the ( STA) and ( S1B} re­
lays simultaneously. The ( STA) and ( STB) relays operated, connect 
ground to the plug spring a 17 and 18, under the co .ntro 1 of' the ( GA) and 
(GB) rel~srespectively. Ground on plug spring 17 lights the (A) lamp, 
and ground on plug spring 18 lights the (B) lamp o \I/hen testing start 
circuits, not arranged fort., classes ot service, the operation of 
(STA} relay operates (X) relay over plug spring 10, lighting (X) lamp. 
The relative operating speed ot the ( STA} and the (STB) relays is de-

· termined by the differe·nce tn time of the lighting ot the (A) and (B) 
lampso When the starting circuit is arranged for two classes ot service 
ground is not connected to the spring of relays ( STA} and ( STB) until 
relay ( ST) operates removing the short circuit on relay ( CLl} which oper­
ates to supply this ground. In this case the lighting of lamps (A) and 
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(B) does not indicate relative speed of operation of relays (STA) and 
{STB) but merely that tbey operate and bring about the subsequent 
operation of relay ( CLl) .. 

15. REI.AT! VE SPEED TESTS OF (GA} AND (CID} RELAYS 

The relative operating speed of the (G..\) to the (GB) relay, is de­
termined by operating the (REL) key, which extinguishes the (A) and 
(B) lamps at the speed the {GA) and (GB) relays operate. When the 
(REL) key is operated, the (T-1) and (RG) relays operate. The (RG) re­
lay operated extineuisb.es (X) lamp, if lightedo The (T-1} relay oper­
ated connects ground to plug springs 7 and 13, operating the ( GA} and 
(GB) relays respectively. The operation of the (GA} and (GB) relays 
disconnects the ground f'rom plug springs 1'7 and 18, extinguishing the 
(A) and {B) lamps at the speed that the (GA) and (GB) releys operate. 
The (GA) and (GB) relays operated, lode to ground on the (STA) and 
{STB) relays. When the (REL) key is released, the (T-1) relay re­
leases. 

16. REPEAT SPEED TEST 

'.ro repeat the speed test of the (STA), {STB), (GA) and (GB) relays, 
the (T) key is operated, releasing the (T) relay. The {FJ.1 ) relay re­
leased, disconnects ground from plug springs 15 and 16, releasing the 
{STA) and (Sim) relays, which in turn release the (GA} arid (GB) relays. 
When the ( T) key is rel eased, the ( T) relay is again o~ rated, and the 
speed test is repeated as described in paragraphs 14 and 15. In order 
t o prevent the time alarm being brought in by the start circuit, ( REL} 
key should be op erated and released and ( T) or ( DISC) key should be 
operated wi t hin 2 seconds of the lighting of the (A) and (B) lamps. 

17. DISCONNECTION 

ENG. 

The test circuit is restored to nonnal, by operating the {DISC) 
key. The {DISC} key operated, opens the locking ground, releasing any 
relays that are locked to that ground, and operates the (DIX} relay. 
The ( msc) relay operated, lo ck:s to ground, lights the ( DISC} lamp and 
advances the test selector to its nonna.l position. When the teat se­
lector is in its nonnal position the locking circuit of the (DIOC) re­
l ay is opened at ·are (RN} and the relay releases whe·n the (DISC) key 
1 s released. With the ( DISC) relay· normal, the (DISC) · lamp is ex­
tinguished, and the .circuit is normalo 

CHK'D. E.L.F~ 
E .L.F. 
4-22-35 
Ba.A.S. 

APP' D. A. PllffiOD 
S.C .E. 
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