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outer 
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The El515 shall be changed. to read as :follows:-

CIRCUIT REl0.UIREMENTS 

OPERATE :tJON-OPER.A.T~ 

Test require:roont o'f inner winding is proportional to test re­
quirement of outer winding. 

{ 700 ohms) 

Inner 
Weig. 

ReadJ •• 026 amp. 
Test .037 a~. 

Test .031 amp. 

Readj •• 016 anp. 
Test .015 amp. 

ENG.--JLS-VL. 
?/3/23. 
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Schematia - For tine Finder Start'i?Jg Test set ... Full Mechaliical PoWer Driven 
System. · · · · 

GENERAL DESCR!l?TION 
' ' 

1. ~is c.i?'Ouit· is used for testing the ·functions of bo~h regular and 
emergency starting oi~its of the- panel Hne tinder equipment.· The appa~· · 
tua ot this test circuit ls munted in ·a portable ,box, and is connected to . 
the starti!2g di.rdult·of the line finder equipment, by means of a plug ended 
tle:dble oord. The. plug of' this cord is inserted in the starting circuit 
spring ~ack and rsplaoes the patch!~ plug, which nornally connects the trip 
and the line f'1nder circuits wit.h the starting circuit. · BS.t'tery and ground · 
are turnished to the .. test oircuit, by' means of' ·a patching cord, one end of' the 
cord 'bai:Dg inserted in the test box ·battery jaok, imd the other el'ld in a bat~ · 
teey. ~ck mounted· on the line tlme'r :frame. · 

' ' ' 

2. Wh8n the test circuit. is connected to a starting .circuit, t-he STP keJ 
ia depressed until .the A lamp ·11ghts~: i·nd.icating that the test set is prepared. 
to teat the ST.A ~ GA relays .ot: the start ci;rouit. Upon ti. release of t~ 
STP im,-, the ST and x lamp8 :tight, providing th,e s~-A relay, tlle 'stepper mag­
net G of the start circuit, and the5:r.:associated lead.ii tunct'ion properly •. ~ 
on completion of t~ STA re~y test, the GJ. relay ls tested and the. GA lamp is .. · 
lighted &lid. th&. ST 1~ ext11JgU1Shed·• providing no, trouble .is e~countered dur­
ing the test. .A short circuit test is now applied ~imil.ar to the K' commta.tor 
short 111 the regular operation o~ the starting ·circuit, ·,imd it this test is 
completed satisfactorily the. K lam:P lights, 1nd.ioat1.ng the completion ot the 
Sf-A and GA. relays test. The S'?•B erd GB relays are test·ed in a similar .meµi-

mtr by .depressing tl~ S'l.P ~y ror, the. a~com t~~. unti.~~ .ha)~ lamp .lights• . 

·· ·s. ··When the x: · ·lam.P llghts ui>on the c~mpl&1:1on. of' t e s~;.:e and GB relays· 
test, t.he STP key i• agatJ). depressed and a test 1~ made n' tlle OA and, SA1 re­
lays. It. the short ar@nd the winding ot. the ·CA rel•Y, ~hich exists when the . 
Sf-A relar· opere,tes is effective, the CA ·1amp will not .light.· ·!he cirouit i·s. , 
a4vancad by·depressing the REL key updn· which the .CA la?JlP ls,ghts, &nd i:t the ·,. 
SA ·rela7 tunctio~s .in the proper manner. the C • .\. lamp 18 e:dingtiished. and th..e "· 
SA lamp· lighted; It the short arO\Ud. the wind.1~. of'. the QA relay." 18 inef-. 
teotlve, the CA lamp lighte before depressing the REL ~Y· Uilder this coDdl• ... 
111021 1ihe test oircUit. is ad'lfanC~ for testing the $A. r•J.a.1 by, depreas11'g t.he r 

BBL ke1• .When the sA lamp lights the CB am SB. ~lays .are. teat.ad by depreu- . : 
ing the S'lP key for. the fourth' time·, and the test circµit functions in a i91m- . · 
Uar mum.er ae tor the test or the CA and SA. rel.aye. · 

· . ·4~ .. When t~ CB ~.SB relays test has been oompleted, a sp~ed. test 1~ . ; ·· 
micle ·by depressing the STP ~;·:tor the· fifth time. . As the STP key 18 de­
pressed, the Sf•A and S~-B relays are' simltane~sly Qpe'rat~;" lighting. the 
A am B lamps in a relati,,e speed to the closure of their ·contacts·. 'When ·t~ · 
BEL key 1s depreBSed, the CA am OB relays are simultaneously operated, ex­
ti!28Uithing tbe A. am B lamps in a relative speed to the opening of the 

. . ··. 
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contacts of the CA and CB relays. 'lhe speed test may be repeated. by depress-
i~ th& T key in place 0£ the STP key., •. ... . .1 • . . 

. . ~. .. f '. • .. ! 

5. W.nen the DISC key is depressed, the. DISC l~ lights, indica.ti:ng that 
the test selector is being restored. to its normal "posi'tion~ ·mid when 1 t . 
reaches this position, the DISC lamp is extinguished. 

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

o .... ': I 
. _ .. ' I' .. 

. . . '. ,, ... 

6.· · When:testin.g.the ·~tar~· otrouit ·o:r pa:r-el line ~f~rlder"equipment, the· . 
patching plug which no~lly patches· the· trip: am ~j*e finder circuits to the 
start oi'TCuit, is replaced by the plug· of' ~ f':lexibt~: c~rd-whioh tel'Udnat~a .i~(· · · 
a portable box co:r .. tc:;.1ning the equlpment ·of' -this .cii-91.iit. · A Pa.tching 'Q_O:rd is : . · 
used to fUrnish 1?at.tery and gro1.uid to ;th,e, t.~st .. circuit .through the battery ·j~ol( 
in the· box, :f'rom_a..: similar ja0k· 1ocat'0d..·Qn :tlie line f~nd.-er frame •. · .. 

.. . . . . . . . I··" : . . . . . . .. . . . . .: . . .. ... ~ . 
7. The STP key is depressed! until· the· A. iamp.: llgh~s. :'fhe ·STP, Jtey· d.e,;. · ; 

pre:ssed, operat.es, t_ha J:3TP pie.gnat.! Circuit:- Ground~· SfP key ·operated,· n,o;; 
1 
•• • :. 

ma:! ·tetm!ml '.Of ~2·~ s~·, break cfon a:ot ·and wi~-~ng. o.f t~e STP magnet to batteey~" · 
As the ·sirP magn~t op~~ate·s,: 'its o erating :o~rc:ui:~ :i'~. ope~M at· its br~ak con"!" 
tact a?Jd·:~lease~ .•... Th~ S~.P magne , .. when.::relea~1:qg, a;v:ance& :~he brtLsh.assf4l:Q~lY .. 
or· the selector to, t:eiiiml 1.. ~ en: the b~she~ o~ .. t·he.: selector oonne~" to, 1 ' " 
teirnL?Jals i·, ~~p A. relay operates from· ground on a~ MG, lighting the .A. ~t ., 
inaioat'ing t:ha·:t· the test:, Ct;I'OUi't · .. · 8 ino"ted Off D?rma.J.'t ~:that. test 18 b.~1.Dg._ .. 
maae on the S'rA· ~nd GA re~a.ys ;or ·, hS: s-tar~1;08,. 01rcu~.t;9: · · '. ,. .. . · : ... · .......... ·:. 

'· S •. ·:\ft;~n, ·~~ "sT:? _ii,;· ·is 'reie~sed:, the A ·~l~y'__~Qoks' through tbe·'.contaCts 
of"fhe BTP trey to $round on 'the'·DlSC .ke1, ·a.nd_.the TE. .8.nd,·,'.~l relays.,Qperate •. : 
Circuit:-· . Groul'ld, a:rc ,ADV.· S'rP 'ktiy ·norme.11· .wi¢1ng~· .or the' TR. ... 1 and .Tll.~e-.. · 
lays, plug 4 to battery on ·the· br~ak cont&e~. of the.·· s~eppe:r·magnet- G ~t .. ~h• . · 
start· cir.cuit uncl,e_r t~st • ( If' the lead to jaok .4 1·s o':Pe'n, the·' ~R. and !@-.l re~ 
layar·'Will ·no.t ·O:par.9.te). The· TR' :riela.y· ape:-ated., lOQk;s through its 600 ohlxl 
windlng-•:·ope~~l,ng the STA ·reiay·irl the sta~t ofI'.ou1~~ "Circuit:-. Gr~, 600 
obll 1·nner.·windi.ng.an4·ma.ka_:ooi:ttaut· gf the TR .r~lay,· i:~s.lst•ce S'l', brea.l ~on~. 
tacts of' the $W, .. SW~3,. a¢· SW-5 · :re!a.'s norml, plug· l.5, · w~ndf:rig of the-~ ST-~ r~ 
lay :ln. the-. start ciroui't: to battefy11. ( lf th~ iaa.d '.to '1ih8· jack- spring 15 ii · · 
o.~n;· thb ·S.~-A. r~~ay · i.~. 1ihe .. stat,t c.ircui.t will~ lilO_:_t; oper~t·e~. ··and ·the TR r.el~J :· 
i'D the terst~ cir.cult is nqt· lodked; through its .i?ll').er .\finding):. The tunctton of. 
the ·sf· :resistance is' t reduce' tha CUl'rent th~tigh' the ,,lnding of. the Sf-A re;,. 
lay ·.to 4· Vl\:l~e equai .. t· ·the. operate :t&s.t. requirement's: o.t the ·sT...;A relay at.· ~r­
na1, voltage •. Under sevGre ccind.:i'tions "the.-ST-A. .relay Uiay ·not· operate at ·this.· 
time. The Sf-A, reiay'in·theistart oircui~--o:pe:ra~~d~ ·(a) ·opens the· o1:rcu1t -:·: 
through the winding ot tM TR-1 relay, ar,id the ?00 ohm winding of' the !'R ~-: 
lay, releasing t.he Tf.:-.1. relay ( b) operates the STP ma.Sn.et G in the .. st.,rting · 
circuit, '1lld. (of conneo'ts' groum t·hrough_ the Jacks .1. 5, 10 and 17. · -

9.: . G~~.·:~~- :pl~ lo ·o~e;;~~~·s.-_t~ -x ~a.lay.· 01rcu1~:- . :Grou~d, p~ 10, 
SW-2 rel.&7, ~o~l c9~tli.Qts, winding :of the .X relay :to· _batte::y. Gro~ ~·.the 
1pr1Dg:l,..advande• t~~·bru.shassembly or the s-Olector',to·t·errm.nal 2. Ci~it•-. ~ . .' ·. .. . . . 

-; . . . . 
.. ' t • 

. . . . . :~. 
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Ground, !>lug 1,. SW-l•:.rel&.y '·normai oont~ots, :l( relay operated~ TR ... l rela1. nor­
m8.l, .~ro .AD.V-1, .. bre!)Jt.cnntaot and"wl~'l.r.H:ng of the STP 1'.IJCl.gnet to'battecy. The: 
X r~l~y ~Ol'T'I:l~, lif;hts. th~ X: lamp;.· Circuit:-· . Gro·llnd, rrnc and STP keys nor­
~,l.~"R·l 1'alay nor.r.a.1., X ro:!.a.y oxY.:;1·a'.;cd~ X l~rrrp, re3i$ta:::.ce E, to battery. · 
When .the .selector br·~~hes co:n::.ter;'c to t~rn:ir.al 2, the S~ lamp !igli.t·s. Circuit:, 
Ground, P~ue' l,. SW-1 :r.~la.y no1'I?'Al,. X relay operated, 1'R•l rolay normal, TR re"".' · . 
lay opere.t;ed, aro. LP, S~:la~p, GLf'~relay normal, G resistarioe, to batte~y. 

10. ·The X lNnP lightod, indior.itea ·the r:iGsure ·o.f. the mike contact ot the 
ST-A i'els.y, ·~:n:l. the continuity of the '.t~a:.1. eo;.m.3Gto1. ·to ja.ok 10. Ths· ST lam_P 
lighted'., in.(iice,ts!:i the oon.tin:.iity of ti.1e le~cJ~ co~n""o.tr;:-d to jac:,: 1, 4 a.nd 15, 
a.ncl that;,. th~. ST-A rala;r end .tho· st'9m;er nr~~st. G~ ·:c~ve op~!·ated satisCac ~orily. 
If t~otlble 'is e:n~ou:n:f.ereC: du::-t~ig ~he tei:.t of the ST-A· rel;:..y aiid 1 ts associated 
leads, the ST lamp wlll fail to lig~t. 

11• WHh the s~le.::to7 b:'.V.s~.es connMt.e1 to ter.mina.1 2, the A'DV relay 
opera·:?es ti) grQU.n;;l on ·tf.i.e e.1•0 l.T:~·o °'1.>;i '.to..;ks to ero•i:rid on t~1e Dr.Sc key normal. 
The •l:DV. re.lay ci:para.te..'l, Cl'.larates tb:e LP and LP-1 r'.elays.. Ci:i:'OU.i t:-· Ground, 
pl'Ug 179 SW-2 'an~. s~il-3 reh.ys :vorm3.l, W~lld!ng of the LP-1 relay a.nil. 1000 .ohm 
wlrd~ng cf' t.h~ Lt'? re:lay~ .liJJil relay o:pcnats:i, to bsttery. (if the ies.a. oon­
nected to jack 1'1 i,::; op~n, th~ lP a.:"li TJ:'-J. releys will f3.il to o:pra~e). The 
LP re:!.!l.y opcrat:t~l, 11:ra'1cs tlU'OV.gh its vr.lnd).!lgs hl, Si)ries tr. g:rcJ.nd (',7.l the nrsc:. 
key, aud op~1·~tcr. t.118 G4 raJ.a.;,·-in the fV.iYi.l1.;r ci1-~u1t~ Circuit:- G'.'.:'OU!'..d.,·aro · 
MO, L? and. 1P~l rbJ.:>.ys or~fn•1;."!:ec1., 1•0'35.~ t,moe G, t..":' r'~lay o~~tH'-'1terJ .• · SW•l relay·. 
no!"lW.l, pl:.~@: "I to 11J.ttc:ry .-1;:i:,r01..1zh th<.; ·w1i1-r1.~r~ of t!l.G GA r&lay. Tho f·i111qCion ... 
of' the G 1·as·idtal1oe is. to .r.oani::e th~ :J~ui·e.{ .. t -~r.:r-onG'll the ~iz:dfng f')t tho'.\1-A.·re~. 
lay to a 'Value· eqa~l to tbu o:;mrfl.te teot ~eq·qi:::-t:1m€nt~ c,f tbs:t rsla.~i ~£ ndr·:ffi;l 
voltage. 11Under seve!'e con<lit~.ons, the ·GA re:t.a.y rr.ay rJ.ot crc.~~...;te a·i; this t,im:~. 

12. When the CM.· re'.!.~-Y. in the START c:!.?'o,~it' ope:rat.,,s, it. 11)01r3: to g!"oUnd 
ou the ST-.A..rale!r cf th!lt ci~cuit, o:pco:-gt~):: t.1~9 E;t".lr;po.r 10:.t+Tnr,.t A ~1~. ~.tsoi:-n­
nects grotind tror!l plv.g l'I·', reJ.easli1g the LF-1 rri:Lay. Tha r.:::i-1 '-'€1c;:.y :.·elev.se4, 
operates the GLP rel~'.ye Circ•-'.it:- G~11und, c..rc Y..t:, J2 relay cper:it~i, LP.;,J. . 
relay normal, winding of th .. ~ G-LP !"'~l::iy tc ba.;te:..--y. ( 1f ths ~.ea.d. tn ja.ck 7 )s 
open, the LP rela.y w::.n f1·il tC- :r.~leci.se). 'l'lh1;;i G:s? ::elr-..y r.•pa::at•~d lpcl~s to 
ground on arc ll.W ~ e~,1;:t:!lf-:r1.'i'.:'.hef3 th~' 3T Iu.m~ a.r.£. ligh~s ~;.he CA lamp. C:i,.r9\li t:­
Ground,' plug l~ SW-I 1e:1~y 1.1.0.rn·~l, ·c rA!n.::r n1crn·~:c:;i, TR-1 rela.:., r..'.>l-rr.al, TR 
relay operated·, a.r'l :"..P, GA Ja'l:tr;., cu~ r~'..l.ay o?~>rJ.tc;:l, · rosist::i.nci::> C· t;o batt~?"Y~ 
The GLP reia.y ope:r:-a:ted 9 al.~o edvano:;s ~he br:.u;h asser.t~1y of ~t.13 s•)J.eotor to. 
termina.18 3: Ciro:uii;:... G:.:.'Citi~d, GLP refo.y operated, a.~o .ADV7l, break contact 
and magnet <)f' .the SH' ma.gn0t to. batcery •. · · 

13· The GA. lam.I> Hghted, 1na.iost~s tl::at. the G.t.. r6 hy h:::~s oJ;i"lra+;ed., ~!ld '~.: 
,.,,--... the continuity (>f' t.tlO .leads oom:iact3('.l_ to ja.cl~ 7 .a:ad 17,.' If t:-c;··.l~)le is .fjTJ.m ; 

oountered._dUrlDg th~ test of ·the GA' l'ela.y, t4.e ClA .la.mp tails tu l:lgh:t and •.the: 
ST lamp remain• J.igniiedc. 

14. With the brushes:· or the selector connected. to t~rminals 39 th~ STA. 
relay or the start o~.1·cu.it is l1eld. l'perel;ed from gz.~cu."lG., ar-3 ADV•-; S\V rt'lla71 
normal, pl~ 6 to battery through ·t;he wi.c.d:i~ of the S'11-.t~ 1-elay a.""lr::. the ;?;round 
on plug 6 through ti1e brealt ccntaot of tl1e d.,~ rola:r in the rJtart circ.uit is 

. ·~ 
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connected to plug 15, short circuiting the 600 ohm winding o~ the TR relay, 
which reles.ses. This test is similar in one:i.·ation ·.to the K oomnutator of the 
line'finder circuit,' whj.ch .co:.".ineots groi1r.id- over jack 6 and short circuits the. .__,.· 
winding of the TB relay :l.n the trip Ciirc1J..it. in the regtllE:.:r.> operation of the 1111e 
finder etj_uipment. · Tha TR re!,Ry released, aa.va.nces the brwshes of the sele1Jtor 
to tenninals 4. Circuit:.~ Ground, TR relay li.crma.l, arc .ADV-1, break contact· 
and ~ot of th9 STP mn.gnet, to battery. .As tho sele:}tor 3.dvances from ter-
mii":.i:iis 3, ·t;1e ,GA l~-n:'!P is extinguished, ground is discor.in.e.oted·a.t the arc N.O · 
from thA winding" of the G!..P relay, whicn reldases, and the' t1olding ground for 
the ST-A relay in ·t;Ji..e !'3tart oir~uit is disconnecteld .at aro· .A.T>V, releasing the 
ST-A. reiay which j.n tu1"'!l releases the GA r6 lay. The ST-A relay released also 
disconnects gr0u::'.ld. f:Y"C:IT\ jack 10, releasing tlle X relay of' thic circuit. The X 
relay rele~sad 9 extinguishes the X lamp. 

15. W5.th th£! br1..1sh'3!0l of the selector .con:nocted. to term1nal 4, and the GLP 
relay relea.~i;ic.l, the K l~!'lJ? lightr; from grou ... "1<l 'on aro :MO, indicating tr.at the 
ST ... A and GA rolays. ope.rate 9 and. their ass0ciated. leads £unction satisfaotorily. 
( !l' tha J.eads connected to jacl{:s 6 or 15 are :>pen, the X lamp fails to light · 
and the GA la.mp w5.ll retrain ligh~e<l~. 

" . . . 

ST-B AND GB R~t~Y£ TES~ 

16. The STP l~ey is a.gai?l d.e:pressed, 'tµl";il the B la.mp lights• As the STP 
key is depressed, grc·Ulld is d.isco.n2mcte,1 at the contacts or the STP ~~ey, from 
the windings of th7 .i, l:..t'V an1 LP. relays, whlch ra:!.3a3e, and t~1e bl"lJ.sh a.sse1!'1bly 
of the test selecto!' is advar.lc{)<i to te:nnj.nals 5. Oirci.ti t~·· Gro~"'ld., STP key 
operated., arc ST and terminal 4,: br6ak coritact and wind.ir..g of th.:> STP magnet, · 
to battery. \."ihen the b?-usllt-~ ot t'he ·test seleotor conn9ot to terminals 5, t:ile 
SW, SW-1 and SW-2 roJ.aya op~!'cteo Oirci1i t~- G-::•ound, arc MC, '"'imli:'l:gs cf ·the 
SW, SW-1 and SW-2 relays tc battecy. Thd SW re:.a;~r ope.rated" l:i.gh'iio the B la.mp, 
indica.tin~ that tests are now be~.ng mad.a on the S'I.1-B and the GD relays of the 
start circuit. 

· 17. When the B 1E:mp lights, the STP k:ly is rel'.33.sed, which closes looking 
ground from the DISC l:l~:1, th~.·ough th13 c.onf.acts of the STP key., to the winii:l.nga ' 
of' the SW, SW-1 aIJd sw .• 2 rolay'3~ The fTP key released, els(1 causes the TR ~nd 
TR-1 relays to OpBrate ever the sa.~ cirm:.H o:ad funr~tion in a similar nli9.m.ter · 
to that described. in p<!ra.grnph s.. Fri}m thie point on9 the circu:tt functions as 
previously descr;.'bed ff':r +.he ST-A and G-A rela.ye test. with the following sz­
ceptions. Reference ~~de to the ST-A a~d GA rel~ys, ST? Jil.'lt~et A, should be 
read as the ST-B and GB rela.;.r3, aud t!le STP ?l'lat-;;net .13, and refere:aces ma.i!e to' 
the jacks or plugs J., 6, 7 • 10 ~ l5 e.ud. 17 shou1d. be rea.d a.s 5., · 12,. 13, 14, · ll> 
and 16 respectively. The cb·c11:i.ts f'or thi::: t:st arG traced through the make 
contacts of the S\1, SW-1, s·i::~2 relaya, instead. of _the b::.-&ak r.:ont2,ctfl es in ·t~e 
description of the test fer the ST-A and GA relays. The s~lector tarmina.ls l, 
2, 3 and 4- of the p:ceviouB test, co:i'.'r~s:pcni:l. to terminals 5, 6, 7 and 8 re­
specdvely of this test. With the sclecto~· brushes C<'rmected to terminals a, 
the K lamp lights. provi.-!in.,g a test of the ST-B and GB relays prove satisfac­
tory. as described. in paragrarh 15. 

/ 
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., .' · 18 ... ThtJ 'STP .ke¥ .. 1s .aga:in operated. until .. •the .A-SB lamp lig~t·s •.. d1·sconnect­
i~· .the locki1:1g ,gro#~roni th~ SW~ ~~:i~·'..~w ... 29 · ~:·a:nd·:ADV teliyJJ, which· re.; . 
lease; '81.lvanci~· t~e. b~·sh'·assembly· Of" t~e .. ·se~actqr' to· tetminal ·9;-·as. de.i.. .. · 
scrib~d tn paragraph;"(• · ·When the 'bru~hes. or tl.le 4e1eetor· .. conneo~ -.to 1;$rm1~•. 
9 •; :~he $.W--;2 a:tjd SW.:;3 .relays, .operate f'rcim. ground •On :the arcs .ADV mn MC re~· .' 
speq•tiv.ely ... ·1!.he".SW~3 r~.la1 operai~.: lights the.·A-:&B lamp{. circu.1t·:'- 'Grciul1Cl, 
SW~3 re.ley operat:ed._ SW-4 .relay' normal~· A:..:u ~mp,· reslstanee. ]), t.o ba.tteey• 
Tha.~W-3 relay oper~ted..· alao··conn(;ct• gr9~n~.' t.o p1~: 1s,· opera~t:ng th~· ST•A 
rela1: ·1n tbe. S~~- Cil'C'l;lit• · Cil"outt·:~ Qrou.nd.,d1EL key nOriia.l, · ;i"tjJi.atance S, 
SW.3 rela1>eperate~, .$W-5: relay .nor•19 plug· -15, ·w1nd .. ing· ot the ST-A: :relay. ·to 
bat teey • · The' . STA . r~lay . operated, ope r~tes. ·t~ . 0 re-J.ay ot the teat c i·rcul t • · 
Circuit:- Ground1 plug io. sw-5 relay nol','inal, S.\V-3. ;rela7 opera~ed., winding Ot 
t;iie· p rela.°19 to· 'battery.,., . ~ .:ST.;.A re'la.y ·operated, ,al·so a·hO·rt ciroui ts the 500 

. ohm..:w1nd1ng o·:f<tile"CA. relaJ in the STAnT cirouit. . . . 

19. If the allo_rt around .tbe Winding o't- tb,6 CA 'relay 1a"·1neftec.t1ve9 the 
. CA rel~y .. wnl ope:rat.e~t'o .·g110~d.-.on ·the' cont~ct :of the· C· re1~·"ot ·t~. tea~ ·c1z.~ 
· cutt .• , C11'6Utti:o. Gro\iDl, .o .'l"elay operated, r-esistanc·e o~. ·~re ¥'· ··SW4 1'918.J .. 

normal, plug·u, _throUgb:the wimi~ ·ot the :04 relay,.·.$()() .o~ r$,1stance ot · · 
the .. a.t~~ ci~u1t, to .batte117 •. ;.'The CA relay ope.r.ated,· loc}t~· thrO~h. its ·.iooo .· 
obm wi~ii28' and ~e.ratea .tµe CL relay· in .the. tea~ ·clrcu~. '.:qirc~i~i ... GJ'Olmd;. · ... 
wtncliJlg. ot "the e~ .reia1, SW-3·am ·sw~a relaya .opera.ted,,, plu8. 1a,~: .. J.OOO qhm ". · 
Winding Of the .C:J.. :rell\y operated to battery .. · ,!he Ct- relay operate~, operates :'; .· 
the ;0.L.-!1 , relay ~·n loca,l Circuit i Which lQcks )hrt;>Ugh the con~acte .·~it the BG . · . ~ 
:rel~ normal, 'to ~ ·o~ the. ·aro. w.; The C~l :relay '.o:Per~ted~··.:;ughts' th8: cA· ·· · 
lamp .8.ld ooimeots gl'OU!ld throUgh ·arc ADV•l, ld!~.ncing .:the b_~ab. as~emblJ"Ot ;t~· '· 
selector· t·o·. tel'mina.18 10 •. ; · :. · · . . . · . "· · · '. . :-· .-. · · ·. · · 

• • •. • • ·• 4 .• ; • • ' • • • • • • • • ·~ • • • •• • .• .., 

= . 11 .... ~ •• .'. •• •• ,~.· • • • • • •• .• ) ) • . • . :" • .' • - • • . •.. ·. • . • 4 • 

~ • :· !!he CA r.el~y in the· S'rART. ~i ;rcui t .. Qperat.ed·, a.ls~ ~Pfrat~a the SA re"'!··~ 
lay J.n.. that :ci~~t .to ground on p'lug' 15 and .. opena,>thff circuit througll·-th8 · · · 
S~-A .relay wbich·releas.ea. Tha ST-! rel~y released{ dise·onnecta groum from , 
.1ack io. releasing the q .relay•.· ·The. SA relay in the ST~. oiroUit operatecl~.. · 
operates the ST-B relay~ The S'l?-B relay_ in the S!-.ART circuit .opanted, ll·o~ . . '. .. 
nee ts grolmd to ~cks 14. 8?14 18, opera.ting the )C r.e,lq~ ·and . relee.ai:og. the ~L : "· · 
rela;v bJ".thar.t ·c~rcuiti:rig it, and holds tne CA ~relay in· the 81'~ ciroutt: · · .. · ' 
looltad.: .;( .. The· OL-l relay ~ces· not.· release as 1t iS"lOcked. to ground b:n ~.MO)•: .. 
!'ha X relay operated, lights the X lamp. The X and the CA. lamps light.ed, .. ·{11;. · 
dicatea that the short around the windings of the CA relay has been ill&:ltec-• . . 
tive and that the CA and SA relays have operated. ~n thi.s C1Lae ~1- ~-eat cu·-: . · ;:_, .. 
cuit is advanced to further testing, by depres~1:12fJ th& REL key ... -·BEL· lle1 

· operated, operates. tll& RQ r,elay .rn· lo~l ci~\l~.t. ahd. ope:t~iea. tll&· o :rela1•: . · -,':·' 
Oiro\lits- ·Gi'Oum, .~ •. -key opera.t~ •. SW~3 relay. operate~.- .W1f1di.na· 01'.'"t~ .. c·'. . ,..:_ .. 

· relay to .. oa.ttery. -~ .c. re.la1· operater1.., pe;rf()rms no ·us~ul· t_pnctiol7. .. :at :tllili'". · :· <. 
ttme. flle· BG. relay. operated, ·locks· to groum, under ·c<)ntrol of the DX:3C~ ·key/' .. · 
ext1D8'liahes the x laqj,~ . .and· :OpeliS' ·ttie 1ock1_ng .. circuit·· thi6Ugh the, at-1 · r.~ia1 · 
which releases, ext1JJgU1.shlng the' OA lamp. -~ a.dva.ming ~he.· ... ~Htor·~.to 'ter .. 
minala u.. '.... :· · · · · ' .· · . ·. · · · · ·. · ·: · · ..... • · . · 

.. '~ .. ~.. . . •'": 
. ·~· . . 

.... · .. 
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. . · 21. ·ft t ~L lamp does not light, the short around the ¥-'1nding of the 
CA relay. in ~· START oirouit is effective. In this case, the OA relay oannot 
operate. 1'he C relay operates as previoii.sly described in paragraph 18 •. Whon 
the REL key is epressed., g:ro1.md is cUscor....,1ec·i;ed from jack 15,· relaaSing the 
ST-A relay in t'e START circuit. When ths ST-A reiay releases, the short .. 
around the wind ng of th~.ca .. rolayis Qpened• e.110 .. ving the C.A relay to oper~ 
ate.;: t.o ground· rt the con~,_ of the c · r~lay and· groi;.M is disconnected f~m. 
plug lOj but t ·c r·a1ay ts held ope!'ated from· g:Oound on· the contac~s of .the . · .. 
REL key.· (The relci.S":·~ll i!.ot release ~·1,.;ir.i:ng the '.'>peration Qf tho key, due 
to 1ts1·s1ow•re~ s~ cha:rncter:i.stic~ preventing t!1e·a.A reJ.ay'1n. tha·sT~,oir­
cuit f"rom relea ing, by .tll-9 ~J.scr.mnec..tion .of ,ground ·from ~ck' 11).. The REL 
kGJ operated; ·a so :o~e~st.~s .tlle RG. relay in :local c~.rauit• wh!ch l.ockS to 
ground on .th8 :ti ·s<Y itoy.·" T!ie' :aG 'relay operRted opens ·th&, ~lrcuit thrOUgh the 
X lamp.: ~Ile' f ~ c'tton· Of. the ;) rests.ta.nee iS· to·»reduce t·i..a ·9urrent thr.ough 
the imiar·win1.i .. g 'ot· ~·ha.'. CA. ~e:!.s.y to a val~· equal to ·the opera.'te test» require­
ments: ot · tba:t. relay• .. at· norinal:· voltage. · Under severe· ·con!i tie>~ the O.f J'!:!lq 
may not· operate at 'l:hfs · :tl~e•. ·. , · , . . · · ' · · ·· · · . · 

•• ' ••. j • • ; +. ••• ,_ • • • 9. • }; . 

22.· ·when the CA' relay o/t~ ST.Am?· circuit operates, it lock~ through 
lts 1000 ohm windi:r'.1.g, in series with the CJJ relay, which opel;'ates •. The OL.~­
lay operated, in. turn ope~ates the CI;.-1 ·relay, ·lighting: t'he CA .~JJI.P, and ,84"!". · 
vancing the ··~eiec.tQ_~ ~to ·.termi:Qa;~S ··~O.;: (If. tbe le':d assqeiated with .jaclt.11, 18 . 
open ·tlia Ct relay ~ul,4, P,ot. o.perate, a,nd ·the"'CA lamp wol!lld no~. 'light'.) .•. Whe~ . · . : · 
the REL. key is ·re_le~sea., ·g~OU?Jd .is. again connected: to pllig 15, operating the SA · 
relay. Circuit:-· GZ"?u~, :BEL key no.rmµ,. s resi·st~ce,'. S\V•3 ~elay :oper~ted, 
sw ... 5 relay ·no-.rmal, plug l5, wind~ng. of the .SA ·r~la.y to battecy~ . Tbe £unction 
ot the·s:reSistanoe··b to' reduc;e the.current .through the Winding. ot the SA re-:. · 
lay to a value equal to· tjie ol>er~te test ·Tequirements Of. ~baf.:r~lay~ a~ noi-rnal . . .. ·: 
voltage-• .-una.~r-~eyere:vondit~ons the.SA relay may not ,o:P~rate~at .this· ~1~... .. ~·· 
!rhe SA relay ·open;ted, .1~ .turn o:perat.e$ tne· ST-:B relay· in ·1~~.l.circ'Qit!I' .. The .. 
ST-B re:lay operated;· ·oo~ects gr~~nd.to ·Ja.Gks 14 and: 18/opera·~ing, 'iilie Jc .. re]4f, ... 
am releasing ·the ct relay find holding the CA relay ot the start ·01reuit oper­
ated. Tlle X relay opera.tea., p$rrorms no ueeful function at this time. , The ,Ot 
relay released. release~ the c±.-1. relay. : The· CU:f relay "re3:ea:sed., e.xt.ingQis~e. 
the CA. lamp am· arlvan.ces tile b~sh assembly of the s·e1ector -to teiini~ls .1.1. ._ .· 

~ ' • • • . ·, • ••. r ~ • ' • • • . : ;.• ';. • ' • ' . • • .. ' •. ~~ ., 

23 .... When the''brU.sh assefu'bly. ot the test se1eator·~ad.vances»rr0m· te"11Da.is: .. : 
10, the SW-2 ·and SW-3. ral,a.ys release, and when the brushes c~tinect to tei1ni~ ... · · :-. 
als ll, the· SA lamp lights f'rom ground.. en the a.re MC· ·Tha··s'W'.i..3 r.ela.y re:. ~·· : 
leased, extingu.ishes th~ A...:BB· lamp. · · · · · · , · ; '\ · :. ; 

CB al'Jd SB HEU.IS TES~ ·: ! ' 
. .' . " • i" : 

"".. ... 

\' 

24. ~n ·the SA lamP °tightrJ.,• indi~ati~· that the CA ancfS;A ·re~ay~. ~v~," .·'.. 
tunationod.,~ .. or.that the seleotor baa b~.en advanaed9 the STP key 1~ aga.,i~ oj>er­
ated, until :tho ·B-AB la.mp lights, indicating ~hat the test· of· the CB;anQ. SB ~ .. 
relays of' the ST.Am circuit· is now being ma.de •. ~be STP key operated.9 opens ·.· 
the locking cirouit ·or the .'RG. r~lay which rel~aa.es 1. a.m· advances· the ·.selector 
to tel'D,li~ls 12. With ~he brusb,es .of the sel.ect.or ·conneo.ted to ·terrpi:na,ls 12, . 
the SW-3 r.alay opera.tea trom 'groµm on aro. M.O., q.ntt the SW-4 ·and sw-5 relays . 
operate t.rorr. !l"Oul'ld 'On arc :ADv. : ,The .. SW-4 ~a.lay ·pperated. ·lights ·the ·a-u tamp. 

' .. 

• .i .. 
. .~ ~ 
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,,--. 
~· Circuits- Gromid; SW-3 and SW-4 relaJS operated, B-AB lamp, resistance I> to 

l?~t.~ery •. :w,tien the lamp lights the STP relay is r.eleased, closi!)g gromicl 

.. J-. .. 

through the windings of the sw-4 and SW-5 relays, which leek. From this point 
'tlie· circuit. funetions in a similar 11'9.nn.er to +.ha test of the CA and SA relays, 
with the following exceptions. Refer9n~e rm.de to the CA and SA relay!, should 
be read as tba CB and SB relays respectively, and reference to the plugs or 
jacks 10, 11, 14, 15.and 18 sh~u1d be read as 4, 69 10, 16 and l?, respectively• 
The circi.ii te for thiS ·test a.re traced throiigh the ·make contacts of the SW-4 aild 
sw.:.5 relays, instaa.d of the break cont~ct3, and thro'U.gh. the breal: ccntacts ot ·. 
the. SW-2 instead of the me.!:e conte.cts as described !.ur the test of the CA and · 
SA relays •. !ha teat eeleotor terminals 9, 10 and 11 of the previous test cor• 
raspond to the. terminals 12, 13 and 14 ot this test, 

imtATIIE .sPiJFJ) ~~ · 

faJ si-A Am; e1-B RSJM\YS· . . . 
<. 

2~. When the SA lamp lights. indicating that the CB and SB relays have 
functioned or that the test circuit.has been advanced, the STP k•11a again 
depressed. The Sfi> ke:• d.apressed, advances the selector to terminals lG. When 
the brushes of the selector connect to terminals 15, the T relay operates from 
ground on the arc lfO~ under the control of the 'l' kay. The P rel&.y operated, 
operates the ST-A and ST•B relays simltaneousl9. Circuits- Gioound, T relay 
o~el'ate!• ·resistanc9 N, SW-3, and S\V-5. relays normal, plug 15, winding of the 
ST-A relay to battery and ground._, T relay operated, resistanoe o, plus 16, 
wipdlng ot the ST·B· relay, to battery. T.he s~-A and ST•B relaya operated, con­
nect ground to the plugs 17 and 16, under the control ot the· GA and GB relays 
re~pect1vel~. Ground on JaOlt 1'1 lil?:hta the ..&. laq>, and ground on jack 18, 
lights the .B lamp, through the contacts ot tl1e 1' relay. Gl'Ound is also con­
nected to jack 10, ·operating the X relay and lighting the X lamp, but this does 
not indicate anything at this time. The relative opera.ting speed ot the ST-A 
to the ST-B relays is determlned b7 the speed of the lighting of the A to the 
.B laq;>. 

( b 1 G4 AND G§ BJW.YS 

26. The relative operating speed of' the GA. to the GB relay, is determ1ne4 
by a.apreBSing the BEL key, which extinguishes the A and B lamps at the speed 
th~ GA and GB relay• operate. When tha REL key is operated, the T-1 relay 

: o])ft:ratea. 01rcu1t:- G1·ound., arc KJV, P.:EL key operated, winding of the ~-1 re• 
. )a1 ·to ~attery, The BEL key operatad also operates the X relay, which lighta 
th~ X lamp but performs no useful functions at this time, and the RG relay, 
'W'410h. locks to ground on the DISC key. 'l'he RG relay op~rated, also discon­
nects the X laJll> lead, preve~t1ng the further lighting of the X la.mp. The ,;t-1 
rela1 operated ccnmecta ground to Ja.cks 7 and 13, operating the GA and GB re• 
lays .. respeotivel1. The operation of the GA and GB rel'-ya disconnects the 
ground trompl"UgB 1'1and1~, extinguishing the A and B lamps at the speed.that 
the GJ. and GB relays operate. !he GA and G.B ~laya operated, lock to ground on 
the S'l'•A and ST•B relays. Wh81'1 tha BEL.key is ~leased, the f•l relay re-
leases. · · 
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2'1~' . 'To repe~f.-the speed teiJt of the ST-A, ST-B, GA an.:l GB relays, the T 
key is depressed., relea.rd:r:g tha T l'sla.y. Tho T relei.y released, di$corw:ie.-~ted 
grouni;i fr9~ plugs 15 a:::~~t, 16, .releasi:l!'.~ the_,sT-A P-:".'iJ. ST-B rele.ys~ which in _tti.rn 
rele·a~e:~pe !G~\ a·,1d, Gt,-_ :-~ta;ys, - Wbe:n tho '.!.: k·:y lu ·!1 el3ased, ths T ·relay _is S(:,"ain 

O'."fly!p.t~d.: ~~ tp.e S);'e~l- t.~st ts repec.:.ted. as desor~hed in pa::a.~aphc ,2~ a:.'ld 26~ 
.. 

DISCOfnIBCTTt;°R. 

. I .. 

. _28!', The te~t, cir-iul ~ is r9stm.·e1. to no:rnul, by depi·~ssi'.rig the DISC key. 
The DISC .. key ·o-pe:-:-a·i;ed9 1.1p:n1s the l:iQldng- grci·(l.'l'.ld. re leii:l.sinc ar.y ?"elo.ys th.&.t o.re. 
locked_ to t!~_a:t g!'O'U'~d, ant~. c:r~~:ate'3 .t~i.e !•iSC rela.y in j.:,)r;a,1- P~-1.'~Uit. The n:so ,. 
rel~y' opcr3.~e;d,_ .lC'Olrn tc €~o·.:mii Oil th3 aru fil'f ~md. lights th~· DrnC la."'lp. Ground.· 
is also col,\r.e~ted f;,•t1m t.b.a a.1•0 :an th.!'oug_li the c.cntac\t~ of the DJ:sr;- r~!ay. to 
the ·oreak contarh; s.~'l-d v.r:'.nd.~ng of- ,tht~ STP IP.g~1dt.,, · $.O:v;;.ici.:1g the ~Glee tor to its 
norm~J. position. W·-:.c:n t.:1~ t~st oe1cct0:::- is in i tic; n·1:.·r!~l pocHton the loc::ting 
CiNui t of the !>l:SC z·el::.:r ie ep.''in·<.>n at. 2 ..... c Rlf 9.llc ·tte :re:i.a.y 1·eleai:;c~a, w.hen the 
DISC key is role8.scJ... \lfi"~h '~ns l>IJC relay m.il':?Jal, the n:s:sc lamp is extinguished, 
restoring the cir~:ui t to :icr.roal. · · · 

··' 

.. 

--,./? 
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EG5 
(SW-2) 

E65 
. (SW-5) 

E228 
{SW-1) 

E:51l 
(CL) 

.E45S 
(A) (X) 
(T-1) 
(A'DV) 

E463 
(RG) 

E528 
(T) 

E561 

OPERA.Ti 

Raadj. .013 a.mp. 
Test .021 amp. 

.. w.c.c. .029 am.P• 

Rea.dj • t013 8..'llpo 

Test .017 amp. 
w.c.c • • 021 amp. 

Readj. .020 a.mp. 
Test .02·~ ale.I:':. 
w.c.c • • 029 a.mp. 

Readj. .023 amp. 
Test .oo:a a~ • 
w.c.c. • 041' a&'.l!p. 

Raadj. .en amp. 
Tast .027 3L1po 

w.c.c • • 043 a.mp. 

Readj •• 012 amp. 
Test .026 amp& 
WoC.C •• 043 amp. 

Rcadj. .021 amp. 
T~st .032 amp •. 
w.c.c. .043 al?Jl'' 

Raadje ~02\ a:np. 
Test .025 a:r1~., 
w.c.c •• 020 amp. 

i596 ReadJ. .016 amp. 
( OL-1) Test .030 anipr) 

E600 
(SV/•4) 

E'148 
. (LP) 

w.c.o •• 043 amp. 

ReadJ. .017 a.mp. 
Test .019 amp, 
w.c.o. .021 a.mp. 

:llea4j. .025 amp. 
Test .027 amp. 
w.c.o. .0206 amp. 
Hold: 
w.o.c. .02G anp. 

CIRCUIT REQUIREM&UTS 

fil'li::.QPERA~ 

Ra!.idj. .009 amp. 
Tes·t • 0095 a.h.'Po 

Readj. .009 ~.nrpo 

Test .ooasamp. 

Rea.dj • • 013 amp. 
Test .012 runp.. 

ReadJ. .ooa amp. 
Test .007o a.up. 

Rsadj •• 011 a.mp. 
Test .010 a.Ili>• 

R~adj •• 01~ a.mp. 
Test .01~ an~,, 

Be~dj •• 009 aJI!P• 
Test .00$5 arri.i.J• 

Raadj •• 010 amp. 
Test .0095 amp. · 

Readj •• 015 amp • 
Test .015 amp .. 
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REWi-~ 
• '1.· 

"·..o;":' 

Rea.d.1~ .003 arr.p. 
Test .oc15 a.m,p. 

ReadJ. .9015 arl!P• 
!rest ., 0008 a.mp. 

: . -~ 

"' ... · 
' 
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OPER\T~: 

.• 
C!RC~__mtmMFJn'S 

E935 
tC) 

Spec~.ul re~_n.ire:ments to insure slow release •. 
Roadj .... 020 amp. 

E1119 
(Wt-ll 

]D.201 
\.SW-3) 

E1230 
(GLP) 

Test .on t"mp. 
W.C.C. , Oc~ a.~. 

Rea.d,h .03S ar.r.P• 
Test .OLJ:5 Et~:ip .. 
W.i'.},.C' •• 047 ;.mp. 

Re3.dj. o 'J:W 1t.-::p. 
Te.~t .02~; am9n 

.¥1 .. c. c.. • u·:..~ $.i."II.P. 

Bea~j. oC15 at\'.!Po 
Test .Ol.9 E.mp,. 
WoC.C •• 021 SJI!.P• 

Ren.dj .. · .026 m:ip• 
T!:ist .. o.zi ~· 

naa~j •• oo~ &t;>~ . 
Test .. C085 a.Jl!P• 

Road3. .009 amp. 
Test .ooe5 c;np. 

R!iLEASl[ 

Rea:dJ• .OOl a.mp. 
Test .0009 amp. 

El~ll Speeial requ.i.re:ments 
(D!OC) Rea~j •• 015 o.mp • 

. ·, Ir...ner Teat .OJ.65 an;ip, 

to !Ceet hl)ld circuit throug..lJ..the .. outer w~.nd.ing. 
'ReadJ~ .0025 amp. 
!i!est .0013 amp. 

WdJ~" w.c~o~ .031 amp_. 
1':!0Q: Ohms 

Outer 
Wrtg. 

: ( 1000 
··: ~ll!i.1) 

E1325 
.'.:~~~ (LP-1) 

.. 

F.olda 
Test .• 042 amg.· 
Hold.: 
w.c.c •• 042CJ amp• 

P..eaa.J. .0095 a.mp,. 
Test .018 ·em:,.,. 
w.c.c •• 029 at.lpo 
Hold: 
w.c.c •• 01s a.!ll.P• 

RelEl.d.j .• • 0064 amp·• · 
i.rest · .. oos e.mp.t 

E1515 Test reqi1lre::ient of outer ,-;;:l.nding is proportio~a.l. to ·~~fit. ·resuire• 
._,. (TR) ment o:f' j,::-<nsl• wir..rJ.ing. · . 

.. . Outer Bead.11! .02s ar.i,;,:>. f..ee.51-j .. oC!S ~rnp9 .... -.·: ... w~... . . . !est .oz1 a:rtri? Test .015 a.u:p.·· 

... (?00 ohms)W.OjC •• 0~7 Wl:lpe . . ... •' 

Inner Test .026 amp.· 
•, \\llg. Hold: 
:_ ,('600 ohml )w.o.c. .026 ernp. 
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