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This Method of Operation was prepared from Issue 31 of Drawing 2396¢5,v
METHOD OF OPTRATIOK

Panel System = Final Circuit - With Time Measure Release On Permanent Signal

and for RBoutine Testing of Subscriber's Lines,

'\ DEVE IT - 2

1. PURPOSE OF CIRCUIT

This ecireuit 3= for the purpose of completing connections from a
mamual or panel office to a subscriber's or PEX line in a ground
cvt=off relay panel office, It is arranged to rslease on "No Test"
calle under control of the calling end and on pérmanent sizgnals to
release after a time interval. Jacks are provided whereby subseribers'
lines may be tested.

2, WORKING LIMITS

21 The maximum externsl circuit subseribers loop resistance is
750 ohms with "S" wiring and 1500 ohms with "T" wiring.

2aR The minimum subscribers line insulation resistance for the
above limits is 10,000 ohms.

2:3 The maximum external cirecuit loop resistance for selections
is 1474 ohms with minimam trunk insulation resistance 30,000 chms.

OPERATION

3. PRINCIPAL FUNCTIONS

This eircuit is used to establish a connection from the incoming se-
lector multiple tc'a subscriber's or PBX line. Its functions are as
followss=

3.01 Selects proper subscriber's line by means of brush, tens and
unit selections,

3.02 Tests subscriber's line for an idle or busy conditicn.

3.03 Advancés incoming selector when selections are completed,

3.04 For individual line or PBX group busy = Restores elevator rod
to normal and transmits "busy back"™ tone to ealling subscriter and
"busy back" ground to incoming selector circuits,

3.05  Prepares talking circuit when line is idle. 5

3.06  Accomplishes PEX bunting when the first line of the called PBX
4a tmavw. < > :
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3.07
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3.12
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3.15
3.1€
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3.21

3.22

3.23

CONNECTING CIRCUITS

4l
4.2
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‘Advanees fror talking position under control of the incoming
selector.,

Returns to normal after calling subscriber disconneets under
control of called subseriber or interrupter.

Disregards busy condition on ®No Test" calls,

Returns to normal without awaiting called subscriber's re-
leage after talking on "No Test" calls., '

Maintaine busy condition from the time that the ealled line
has bean selected (if it has been found idle) until the"tipPand
"ring" leads are opened after conversation has been completed.

Operates trip magnet in the down drive positiouns.

Group peg count register,

Rostores to normal on premature disconnect.

Restores to normal under control of incoming on telletale,

Return of sequence switch to normal, whes moved out of posi-
tion 1 mamually,

Private automatic exchange (PAX) station selections.

-

Arranged for routine testing of subseribers' lines with sub-
geriber's line test set,

Arranged for testing of subseribers' lines from the test desk.
Releases on permanent signal after an interval of time.

Tranaiita "busy back" tone to calling subseriber and returns
to normal under control of incoming on tell tals,

Is arranged to trip ringing over tip on busy back when used with

incoming arranged to connect ringing current to tip of inecoming wmltiple,

Is arranged to op.ratc a group busy register whem all final in the
group become busy,

.

Line switch and ground cut-off ulu line finder e:truitu.
Reguler local, cordless and interoffice incoming loloctur cirilltsu

Standard two and three digit aaudera, cordless sender selector
cuit and cordleas senders.

lilcellnnaous ragi:tur eireuit.
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Lab Miscellanzous tone and interrupter circuit.
L6 T2st selector cireuit.

47 Subseriber's line test set.

"ESCRIPTION OF OPERATION
5, SEIZURE

Wwhen an incoming selector seizes the tip, ring and sleeve terminals
of this circuit, ground in the incoming is ccnrected to the sleeve ter-
minal making this circuittest busy to cther hunting incoming selectors
and the incoming advances to the selection teyond position. With the in-
coming in selection beyond position, the final (I.) relay operates over
the fundamental circuit in series with the steuping relay in the sender.
The (L) relay opsrated operates the (TK) relay., The (TK) relay operated,
locks to ground on the sleeve of the associated incoming selector circuit
and advances the switch to pesition 2.

6. BRUSH SELECTION

With the switch in position 2, the high spesd up drive magnet (HS)
overates, causing the selector to mewe upward for brush selection. As
the selector moves upward carryiﬁg the commutator trushes over the com=
mutator. segments, the A segments ,and brush intermittently connect ground
through to the tip side of the fundamental circuit, alternately closing
and opening a short circuit around the stepping relay in the associated
sender circuit, thereby relesasing it and permitting its reoperation.
When sufficient impulses have been sent hack to satisfy the sender, the
fundamental circuit is opened by the sender, releasing the (L) relay and
consequently opening the circuit through the (HS) magnet, which stops

) the upward movement of the selector and the switeh advances to position 3.

7. TENS SELECTION

Tn position 3, when the fundamental circuit is closed ty the sender,
the (L) relay operates advancing the switch to rosition 4. The (HS) mag-
net 4s again operated and the selector moves upward for tens selection.
The trip magnet being operated in positions 3 tc 5, the previously se=

. lected set of brushes is tripped as the selector moves upward in posi=-
_dion 4. Also as the selector moves upward, the B commutator segments and
brush intermittently connect gmound to the tip side of the fundarertal
circuit, alternately closing and opening a short circuit around the step-
ping relay in the associated sender circuit, and therelty releasing and
permitting the reoperation of the stepping relay un*il sufficient im-
pulses have been sent back to satisfy the sender. The fundarmertal circuit

/
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is then opened by the sender, releasing the (L) relay which openg the
circuit through the (HS) magnet, stopping the upward movement of the
selector and advancing the switech to rosition 5,

UNITS SELECTION

When the fundamental circuit is again closed through in the sender,
the (L) relay operates advancing the switch to positiom 6. The low _ - /
speed (LS) magnet operates causing the selector tomove upward, and the
U commutator btrush and segments function the sawe as the A commutator
brush and segments as previously deseribed., When sufficisnt impulses
have been sent back to satisfy the sender, the fundamental eircuit is
opened releasing the (L) relay. The release of the (L) relay opens the
circuit. through the (LS) magnet stopping the selector brushes on the
tip, ring and sleeve terminals of the called line and advances the ' !
switeh to position 7, the A cam advancing it to position 8, When in '
position 6 3/4, the (PEX) relay is connected in parallel with 40 ohm
resistance (T) to the ring, but does not opsrate due to the hich resist-
ance to battery in the incoming circuit. As the switch advances beyond
position 7 1/4, ground is disconnected from the ring permitting the
assoclated incoming cireuit to advance, - !

INDIVIDUAL LINE OR FIRST LINE OF PEX GROUP NOT BUSY

With the switch in position 7 3/4, the (L) relay operates through
its secondary winding advancing the switch to position 9. As the switch
leaves position 8, the (L) relay releases and lattery through resist-
ances (B-1) end (B=-2) is connected to the S terminal operating the cute
off relay in the line circuit., The release of the (Ls relay also ad-
wances the switch to position 10, the A cam advaneing it to pusition
12, ground from the armature of the (TK) relay advaneing the switch to
position 13 and ground through the break contact of the (L) relay ade
vancing the switch to position 14. As the switch passes through posi-
tion 12 1/2, ground through cam D is connected to the selec*or group
register operating that register,

i R

10, DISCONUECTION

When the associated incoming selector advances from the talking
position, ground is disconrected from the sleeve terminal releasing
the (TK) relay. The (TK) relay released advances the switch to posie
tlen 15, As the switch enters position 14 1/2, the (L) relay opere 4
ates through its secondary winding and holds through its primary winde
ing over the loop to the ealled station. In position 15, the 500 ohm
18~AC resistance (S) 1s connected across the primary winding of the (L)

e =" == S RS T S e————— = e - - - " ISR | S— W Y



(_9 Pages, Page 5)
Issue_ 4 BT _239665
September 2%, 1946
; _ s - Replacing all previous
\y ) : : uot _ issues. S
X : !

relay which still holds, its parallel connection being for the purpose

of aiding in the release of the (L) relay when the receiver is replaeed

on the switchhook at the called station, When the receiver is replaced

on the switchhook, the (L) relay releases and advances the switch to po-
sition 17, ground on the armature of the (TK) relay advancing the switch
to position 18 where the down magnet operates returning the selector to
normal. The trip magnet is operated from position 17 1/2 to 18 to pre-
vent the possible snagging of the brushes during the return of the se-
lector, With the selector at normal position, ground through’the Y com-
mutator segment advances ths switeh to position 1 releasing the down meg-
net, If during disconnsctipn the réceiver at the called station remains
off the switchhook longer than the predetermined period, the eireuit
functions as follows:= When contact F of interrupter (T0) closes, the

(TX) relay operates through its secondary ‘winding advancing the switch

to position 16, The (TK) relay releases when the switch leayes posi- '
tion 15. UWhen contast B of interrupter (TO) closes, ths (TK) re again
operates sdvancing the switch to position 17 where the (L) and (TK) re-
lays releasz advancing the switch to position 18, and the eireuit re=
stores to normal as described abevs, : ' e S

0 _TEST

On calls from a cordless position, when the "No Test" key is oper-
ated, the circuit functions as described in paragraphs 5 to & until the
switch rsaches position 6 3/4, when battery through a low resistance in
the cordless sender selector circult is connscted to the ring side of
the fundamental circuit operating the (PBX) relay. The (PBX) relay oper=-
eted, releases ths (TK) relay which advances the switeh from position8
to 10 without testing the called line for tusy or waiting for PEX hunt-
ing, and the A cam advances it to position 12, The release of the (TK)
relay connects ground to the sleeve of the incoming circuit to prevent
seizure by other hunting incoming selectors. As the switch leaves posi-
tion 7 the (PRX) relay releases, Since the (TK) relay is released, the
(L) relay docs not operate in position 8 as deseried in paragraph 9.

In position 11, the (PEY) and (TE) relays operste in series and lock un~-
© $i1 the switch advances from position 16, In position 12, the (TK) re=-
lay operates through its primary winding, advancing the switeh to posi-
tion 13. Since the (L) relay is non-operated, the switch immediately
advances to position 14, Disconnection takes place in the same manner

as described in paragraph 10 with the following exception: Ths (PEX) re-
lay operated in position 11 to 16 prevents the (L) relay from operat-
ing in position 14 1/2 as desdribed in paragraph 10, The (L) raélay being
normal permits the switeh to pass through position 16 regerdless of* '
whether the receiver is on or off the switchhook at the called stationy
and the cirecuit returns to normal. : '
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BUSY INDIVIDUAL LINE

In case the called line is an individual lime which is busy, the
circvit functions as descrited in paragraphs 5 to & until the switch
enters position 8, When the (L) relay operates in position 8, high
potential battery on the sleeve terminal overates the (PBX) ‘and (TB)
relays in series and the switch advances to position 9 as previocusly

describeds The (TB) relay operated holds the (L) relay operated through

winding P, and the (PEX) relay operated releases the (TK) relay. The

(TK) relay released advances it to position 12, When the switch leaves

position 9 1/2, the (PBX) and (TB) relays release, but the (L) relay
holds through ites secondary winding. In position 12, the (TK) relay
operates and locks to ground in the associated incoming selector, ad-
vancing the switch to position 13, where the down magnet operated re-
stores the selector to normal When the selector reaches normal,
ground on the Y commutator segment advances the switch to position 17.

In position 12 to 13, the trip magnet is operated to prevent the

poesible snagging of brushes during the return of the selector. In
position 17, a circuit is closed from interrupted ground over lead D
from the mescellaneous tone and interrupter circuit, to operate and
release the (L) relay as controlled by the interrupter. The operation

of the (L) relay closes a circuit from lead B of the miscellanecous tone

and interrupter circuit, resistances (B=1), (B=2) and (S) to the ring

of incomin~ selector thereby permitting a busy tack tone to the calling

subscriber. When the calling subscriber or overator d<seonnects, the
assoclated incoming selector advances to remove ground from the sleeve

terminal, thereby releasing the (TK) relay. The release of the (TK) re-
lay advances the switeh to position 18 where ground on the Y commutator

segment advances it to normal.
PEX HUNTING

If the line on whose terminals the selector brushes rest at the end

of units selection is the first of a group of PEX lines and one or more
of these 1lines 1s busy, when the switch reaches position 8 low potential

battery on the S terminal operates the (TB) relay but the (PBX) relay

fails to operate. The (¥B) relay operated holds the (L} relay and as .

the switch enters position 9, the (LS) magnet operates causing the se-

lector to move upward. When an idle sleeve terminal is reached, ground
potential on the S lead releases the (TB) relay opening the holding cir-

cuit through the primary wirding of the (L) relay, which however holds
through its secondary winding to ground through the C commutator seg-
ment, The adjustment of the C commutator brush with relation to the
tripped sleeve multiple brush is such that it does not break contaet
with the C commutator segment until slightly after the holding cireuit
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sleeve terminal of an idle line, The (L) relay and the (LS) magnet,

“ thersfore, remain snergized and the nluturmﬂhniotrunlw-
,mdntﬂtholmtorbrmhMcWhot 4bé grousded metal

| :ﬁ' At this time the brushes are slightly &Bows the cester of the
0.

-drops back against the locking pawl thus centering the brushes un
G

r terminals and a loeking pawl enters the 'moteh in the weﬁ': at-
tacked te the brush sup rod. With the circuit to ground on tha C
commmtator opsn, the (L) relay releases disconnseting gﬂ from the
commtator feed bar G and releasing the (LS) magnet. selector then

ﬂ

the
line terminals, During PEX humting, ground is comnected to the G com-

'ntntorthron;hm.?udlundaroon&olofth(mrem, This ar-

7 rangement is to prevent the recperation of the (L) relay by the

1.

15,

of the ¢irenit from gwound through the C commutator brush apd uput

‘as the selector drops intoc place. The release of the (L) relay also ad=
- vances the switeh to position 10, the A cam advaneing it to pui on m. :
From this point on the circuit functions as previously described ia pua_u-

graphs 9 and 10, IrthohltliunfthaPBXmuphm since
the sleeve comdition is the same as for an individual ba (T8) re-
lay releases in position 9 if the line is idle or the (PEX ﬂhy
ates in position 9 if the 1line is busy and ecirenit functions the same
as deseribed for an individusl lina.

BAX _DIALING
When the office im which this final eirouit is located has lipes tere

minating In private auvtometic exchanges, this final cireuit Js arranged

with "X" wiring, In this cass ground is conneeted to the ring side of
the trunk until the switch advances from position 13 1/2, to held the in-
coming selector in the selection beyemd pesition. This eircuit advances
to positiomnls, talking position, as In the case of am individual line,
where ground on the ring from the PAX trumk holds the incoming in the se-
lection beyond position until all selections bave been completsd. This
circuit remains in the talking vposition when PAX sslectionstare taking
place,  Disconnection is the same as for an individual line.

PRIMATURE RELEASE

Should the calling subscriber replace the recsiver on the switehboek
or the cordless operator depress the disconnect key before the fip
switch advances to position 10, the incoming selector advances
ground from the sleeve thersby releasing the (TK) relay. The (TX) relay
releases advances the switch to positiom 10, the A cam advaneing it to
poaititm 12 where the (TX) relay operates and advanees the switeh te
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position 13, In position 13, the (TK) relay is releas>d, -rovidine an
operating path for the (L) relay through win'inz € whiech lncks, held-
ing the switch in position 13 and opcrating the dowvn magnet, rastoring!
the selector to normal. In positions 12 to 13, the trip marmet is ener-
gized so that should this early relense occur befrre the final haaz ade
vanced beyond the brush trirping zone the trip finger will no* e in the
way of the returning selsctor brushes, Then the selector reaclies nor-
mal, ground on the Y commutator brush and segment advances the switeh to
position 17, ground on the armaturs of the (7TK) relay advancings “le
switch to position 18 where ground +'woush the Y comrutator brush and
segment advances it to normal.

ALL

Should the selsctor elevator travel to tlhe top of the frame
(tell tale position) durine selection in resition 4, 6 or 9 the
closure to the X commutator sagment wfll advarce the switch to
position 10, tae A car advaneing it to position 12, The front
contact of the (TK) relay advances the switeh to position 13 and
the back contact of the (L) relay advances it to position 14.
the closure through the X commutator advances the switech to pos-
ition 15, The back contact of the (L) relay advances the switch
to position 17, 1In position 17 the circult functions to give
busy back tone and flash to tine ealling subscriber as covered in
paragraph 12, From this point, the circuit ‘s r-turned to nornmal
88 described in pararraph 12, excernt that the dom mapnet overates
in 18 to restors the elevator to mormal.

ROUTINE TRSTING OT SUPSCRIFTRS' LI'ES '

When used with the subscriber's line test sat, ieclz C an® D of this
circuit are connected to the corresponiing jacks of tra to2* zet Uy
matehing cords. The Tinal sselsctor ‘s Leld busy Jurin- +7 = tagting
period by ground in the test set over *he sleew~ of iack C, The funila=-
mental circuit is closed throuzh the *in of joek C. The efreuit fume-
tions under control rf the +2s3t set as previoucly dsserited cn a resulsr
call, until the (L) relay releases ~fter corpletir~ units selsetion, The
relsase of the (L) relay anfter units selection, dozs not advance the
switch from position 6, as the enargizing eircu’t for *he R mezuzt is
held opeh due to the insertion of the plug in joe% C. ITn position 6, - |
the tip, ring and sleeve trushes rest on tlie torminals of +he 1lina to Te |
tested, the sleeve brush tning connectazd through tie sleev: of iack D to !
battery in the test set, thereby holdinz the eeleeted line Tusy, The
line is then tested through the tip and ring of jack D, All lines in
the final selector multiple bank may be tested in retation., The onera= /
tion of a stepning key in the tes* szt closes the funiarental eirenit ' i
through jack C operating the (L) relay. The (L) rel-y onarated? ener=
glaes the (LS) magnet, moving the salector brusies ur to tio next sat
of line terminals, The tost set opans the "™undaprertal eiréuii when the /
selector reaches the next set cf termirnals, relsa=in- the (L) relsy and
the (LS) magnet. To resst the selactor o test another sroun of linzs
or to restore the e’reuit to normal, “22 Aiseonnecet ey in thr tes* sot

o
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should be operatsd or the plug removed from jack C thersby releasing
the (TK) relay. The (TK) relay released, advances the switeh to posi-
tion 12, In position 12, the (TK) relay operates advancing the switch
to position 13, where the (TK) relay being release”, the circuit will
return to normal as deseribed in paragrach 15,

TESTING SUESCRIBRRS! LINES TROM THE TIST DESK

Then provision is made to test the subreribers' line eircuits from
the test desk, relay (SC) is provided and "V" wiring is used. When
the final selector has advanced to position 14, the talking position,
the operation of a key at *he test desk cmmses ground to be connected
to the SC lead operating the (SC) relay. The operation of the (SV) re-
lay relesases the (08) relay of the subscriber's line circuit, which in
turn causes the (L) relay of the line circuit to operate and start a
lins finder hunting for this line, When the line is found by the line
finder, a check for dial tone is obtained at the the test desk., The pur-
pose of this test is to determine whether the subsecriber's line is
seized by a line finder and whether dial tone is applied to the line.

TEST JACK

Jack (TMB) is used to test the operation of this cirwuit and to
make the ecircuit busy to other hunting selectors.

ALL FINALS BUSY REGTSTER

© TWhen all finals in group become busy (seq, sw. advanced out of pos-
tion 1) ground is removed from lead PER to the group busy register cir-
cuit releasing a normally operated relay in that eircuit, which cmuses

the operation of a register to indicate that all the finals in the group
are. busy.

ENG: J.D.J. CHK'D: J.D.J. APP'D:
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