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This invention relates in general to tele-
phone systems, and more specifically to im-
provements in -chain relay circuits for use
with automatic retary connector switches.

5. The object of the invention is to provide

improvements in chain relay circuits now
commonly in use.
- The Wicks application Serial No. 571,-
947, filed June 30, 1922, and patented Oct.
1019, 1926, No. 1,603,929, shows an automatic
vertical and rotary connector having access
to large groups of trunks, each of which
groups ay consist of trunks terminating in
two or more levels of bank contacts in the
15 connector switch bank. Chain relays are
provided to close a circuit to cause the con-
nector to automatically continue its pri-
mary movement to the next level when all
the trunks in the preceding level are busy.
20, Chain relay circuits of this type have proven
unsatisfactory because during heavy trafiic
conditions two or more switches may be
hunting on the same level at the same time
~ when there is only one available trunk with
25 the result that the switch which first seizes
the trunk makes it busy to the other switches.

The other switches will then stop on the

last trunk bank contact in the level and

transmit a busy tone to the calling subscriber,
) although there may still be idle trunks of
the same group in other levels.

In the present application, a chain circuit
is closed to cause the autematic continuation
of the primary movement when all but the
last two trunks of the first level of the group
are busy. This arrangement provides for
the completion of connections to idle trunks
by switches which were hunting on the
same level at the time the chain relay circuit
was closed. TFor instance, :assume that the
first seven trunks in-the first level are busy
and ‘that a connector switch is hunting for
the first idle trunk or the eighth trunk in
the level and that two other connector
switches have been operated to this level and
have started to rotate just before the first
switch seizes the eighth teunk: The first
switch seizes the eighth or first idle trunk and
causes the. operation of the chain relay as-
sociated therewith to close the chain cireuit.
The other two switches continue to rotate
and seize the ninth and tenth trunks or the
reserve trunks thereby completing their con-
nections. This-arrangement, however, does
not completely take care of an abnormally
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large number of simultaneous calls to a‘level

but reduces the number of lost calls to a.

minimum.  Provisions have also been made

for taking into use the last two or reserve:

trunks ineach level when all the other
trunks-in the group ate busy.

Themieans by which the foregoing ‘objects‘

are accomplished will be fully set forth here-

inafter, reference being had to the accom-

panying. drawings, of which Fig. 1 is a cir-
cuit- diagram- of the connector switch such
as ‘deseribed in the above mentioned Wicks
application, while Fig. 2 shows the wiring

of ‘the improved chain relay ecircuils and

the wiring of the test terminals of.certain
levels of the connector banks. ‘ _

Referring to Fig. 1, the rotary connector
is indicated by the reference character H,
and is oi the well known Strowger vertical
and votary type; having:circuits such that it
is -controiled over the two sides of the .in-
coming trunk in series. To the right of the
connector H are shown the bank terminals
of a trunk line, which may extend to a pri-
vate branch -exchange and terminate in the
jack J. It is understood that the trunk line
shown 'is one of a group of similar trunk
lines all extending to the same point. .

Fig. 2 shows the test contacts of the first
five levels of the connector -switch bank.
The first three levels and their associated
chain relays ave assigned to one large group
of trunks. The fourth and the first half of
the fifth level are assigned to a second group
of trunk lines: The last five test contacts
in the fifth .Jevel represent individual lines.
To the right of each :level aré shown the
vertical test contacts which are engaged by
primary movement. '

The * apparatus, having beén “described
more or less in -general, will now be de-
scribed in: connection with the détailed de-
seription of its operation.” For this purpose,
it- will be assumed that an automatic sub-
seriber desires to-obtain connection with a
subscriber at the private branch ezchange
served by the first large group of trunk
lines.” ‘The customary subscriber’s station,
individual lineswitch, and selector switches
used by an automatic subscriber in com-
pleting a connection, being well understood
by those skilled in the art and forming no
part of-the present invention, it is therefore
believed that it will suffice to say that in re-

‘the vertical test wiper of the connector in its
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sponse to the removal of the receiver by the
c'lllm,q subscriber, his individual lineswitch
seizes an idle trunk line leading to an idle
selector switch, and in response to the opera-
tion of the subseriber’s calling device t,ho se-
lector switch is operated to select an idle
trunk line leading to another idle selector
switch, or to secleet an idle trunk leading
to a connector switch, such as indicated by
the reference character H. Let us assume
that the calling subsertber has established
his connnection now as far as the last se-
fector, and that the selector has come to rest
on its bank econtacts which are connected to
the conductors 20, 21. and 22, of the con-
nector switch H. the connector switch H
being the first idle connector accessible to
said selector. . When the selector switch
comes to rest upon the contacts associated
with the conductors 20, 21, and 22. the
switching relay of the selector completes an
energizing circuit for the line relay 4 of the
connector a« follows: From ground by way
of lower winding of line relay 4. normally
closed springs controlled hy the armature
31, conductor 21, over the intervening
switches and the snbseriber’s loop back to
conductor 20, normally closed springs con-
trolled by the armature 30, and through the
upper winding of the line relay 4 to bat-
tery. Relay & at armature 33 and its work-
ing contact, completes an energizing cireuit
for the slow-to-release relay 5. Rel ay 5,
upon energizing over the above traced cir-
cuit, connects gxound to the release con-
ductor 22 at armature 34 and ite working
contact: said ground mm])lctmrr a holding
cireuit for the switches baclk of the connector
switch for maintaining the s«witches in an
operated position, and in addition. makes the
trunk lines leading to connecctor H busy to
all other selectors having access thereto: at
armature 35 and its working contact pre-
pares the circuit for the vertical magnet 15,
and at its resting contact opens a point in
the release cireuit; and at armature 36 and
its working contact, prepares a circuit for
relays 9 and 13,

The calling subscriber may now manipu-
late the ealling deviee in accordance with the
remaining dwrltq in the number of the pri-
vate branch exchange, which in this cose are

1and 1. Due to the opexau(m of the ealling
devicc by the calling subscriber. the cireuit
of the line relay 4 is interrupted in the well
known manner and the line relay in re-
sponse to this circuit interraption. deener-
gizes for a <hort interval and at this time a
circuit may be traced for the vertical mag-
net 15 as follows: From ground by way of
armature 33 and its resting contact, arma-

ture 35 and its working contact, normally
closed off-normal springs controlled by

spring 68 and said springs, slow-acting relay
7, and vertical magnet 15 to battery. The
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vertical magnet 15 and relay 7 energize in
serieg, and by the operation of the vertical
iagnet 15, the switeh =haft and wipers are
raised undil the wipers 70-73, inclusive, are
obposite the first level and the vertieal test
wiper 95 inengagement with vertieal fest
contact T8, \\!mh is opposite the first level.
Relay 7 energizes and maintains its own eir-
cuit wnd thai of the vertieal magnet intact
after the off-normal springs have <hifted,
which they do on the first vertical step,

After the first impulse, (he line relay 4
energizes and opens the cirenit for velay 7
arad wvertical anpenet 15 at armature 33
Relay 7. npon deenergizing. which it does
after a shorr interval. switches the impulsing
cireuit from the vertical magnet to the ro-
tary mngnet at armature 20, and af annature
39 completes n testing eircuit for the vertieal
wiper relay 8.

ﬂ,.«:cuming that only the frst -even trunk
i the fArst level are bus RV the vertieal
wiper relay 8 wili not energize beeause there
i no gronnd potential on the verfical tost
terminals 78,

The subseriber may now dial the remain-
ing or last digit of the ealled number or the
digit 1. In response to the aoperation of the
calling deviee by the ealling subseriber, the
civenit of the line relay o i again inter-
rupted.  The Hine relay 4 upon deenergizing
completes a circuit for the rolary magnet 16
in series with relay 11 as follows: From
eround by way of armature 33 and its rogt-

ing contact, armature 35 and its working
contact. normally open off-normal springs

controlled hy springs 63, armature 40 and
its resting contact of dnn wtnre 49 and said
ammtme, winding of relav 11, armature 59
and its resting contact, and winding of ro-
tary magnet 16 to hattery. The rotary mag-
net 16 and relay 1] onm gize 1 series. The
rotary magnet 16 <eps fhe wipers T0-723,
inelusive. into (‘nammnon( with the hank
terminale of the fivst trunk in the first level,
and moves the vertical test wiper 95 oul of
engarement with the first vertieal test ter-
minal 78, Relay 11 upon energizing at
armmature 53 and its working contact main-
tains the impulsing cirenit for the rotary
magnet elosed. so that the impulsing cireuit
will not he opened at armature 43 when the
wipers are passing over busy trunks, at
armature 1 aned its resting contacts opens
the circuit for relay 6 so that this relay will
not energize when wiper 71 is passing over
busy trunks, and at armature 52 and its
working contact, completes an energizing
civenit for relay 12. Relay 12, upon ener-
eizing, at armature 54 and its working con-
tact prepares a civcuit for relay 6. nt arma-
ture 56 disconnects the busy machine, at
armature 55 and its resting contact opens
the circuit of the switching relay 13, and at
its working contact prepares the testing cir-
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cuit for relay 10. As before stated, assum-
ing that the first seven trunks of the first
level to be busy, there will be ground poten-
tial on the test terminal which wiper 72
comes into engagement with; said ground
extending from the connector switch occupy-
ing a multlplc of that particular trunk line.
The first trunk line in the first level being
busy, ground from the lower test terminal
of the said trunk line energizes relay 10 by
way of wiper 72, armature 55 and its work-
ing contact, almature 61 and its resting con-
tact, and winding of relay 10 to bdtlely
Relay 10, upon energizing, at armature 49
opens a pomt in the rotary 1xnpulsmv circuit,

-at armature 48 prepares a locking circuit for

itself, and at armature 47 prepares a circuit
for I'elay 6. A short interval after the final
digit is received, the series relay 11 deener-
gizes and at armature 52 opens the circuit
of the.slow acting relay 12. ‘Relay 12, how-
ever, does not 1mmedlately deenerdue and
since the first trunk line in the first level is
busy, a circuit for relay 6 may be traced as
follows: From ground potential on the test
terminal of the busy trunk line, over the

_conductor connecting the bottom test ter-

minal with the top test terminal and from
there by way of test wiper 71, armature 54
and its working contact, armature 51 and its
resting contact almature 47 and its working
LOIlf%(,t 1nturupter springs 66 of the rotary
magnet, resting contact of armature 41 and
said armature, and winding of relay 6 to bat-
tery. Relay 6, upon ener(ri/in , completes a
locking cireuit for itself as follows: From
(rlonnd on release conductor 22 by way of
WOI‘klIlO' contact of armature 37 and said
aunature interrupter springs 66 of the ro-
tary mcwnet resting contacts of armature 41
and said azmatule, and winding of relay 6
to battery. Relay 6, in addition to complet-
ing a 1ock1nv circuit for itself; closes a cir-
cuit - for energizing rotary maﬂnet 16 and
slow-to-release 1'eldy 12 in multiple as fol-
lows: From ground by way of working con-
tacts of umatme 36 and -said armatur(,,
armature 38 and its working contact, arma-
ture 43 and its resting contdct tthlth the

junction point 96 where the circuit leldes,
one branch going over the resting contact of
armature 52 and said armature- to relay 12,

and the other branch extending from the
junction point 96 by the way of armature 59
and its resting contact, and through the
winding of IOtJ.Iy magnet 16 to- battew

The above traced cireuit for relay 12 main-

taing said relay in an operated position, it
being remembered that relay 12 is slow to
decner gize, and, therefore, does not have time
to fully deener gize before velay 6 is ener-
gized. The 1'0mry magnet energizing over
the above traced circuit, steps the wipers 70
to 73, inclusive, into engagement with the
next or second set of bank terminals in the

first level, and at its interrupter springs 66
opens the locking circuit for the testing relay
6, whereupon said relay deenergizes. Relay
6, upon deenergizing opens at armature 37
the circuit of the rotary magnet 16 and the
slow-to-release relay 12. Before relay 12 is
inclined to deenergize, the testing circuit for
relay 10 is again completed and Tf the trunk
line 1s busy, relay 10 will be maintained enex-
gized from ground on the test terminal asso-
ciated with the busy trunk line, and.a cir-
cuit may also be traced from ground at the

~ test terminal of the busy trunk Tine for again

energizing the stepping relay 6. Relay 8
again energizes and completes a locking cir-
cuit for itself as well as again completing the
circuit for the rotary magnet and maintain-
ing relay 12 in an operated position. - The
1'ota1y magnet operates and steps the test
wipers into engagement with the next set of
bank contacts and in addition | opens the
locking circuit of relay 6 at its interrupter
spnnorb 66. Relay 6, upon deenergizing
again opens the civeuit for the rotaly mag-
net 16 and relay 12. " Relay 10 again tests
for busy ground potential and if the next

trunk line is busy, the sequence of operation.

just explained continues until the Wipers are
rotated into engagement with the eighth or
the first idle trunk line in the level.
Assuming the eighth trunk line in the
first level to be the first idle trunk line, the
test wipers. 71 and 72 will conie to rest in
engagement with thc ‘test terminals' 75 and
76, respectively.. As the test relay 10 no
longer finds a ground potential on the test
terminal 76 with which it is now in engage-
ment, said relay deenergizes and prepares a
circuit for the switching relay 13 at arma-
ture 48, and at armature 47 opens the circuit
for the testing relay -6 so said relay will not
energize and operate the rotary magnet
when this trunk line is made busy to other
counector switches having access thereto. At
armature 50 velay 10 also opens-a portion of
the busy circuit.
lay 6 deenergizes the slow acting relay 12
deenergizes and completes a cireuit for the
S“’lt(,hlnff relay 18 as follows: From ground-
ed release conductor 22 by the way of arma-
ture 48 and its resting contacts, upper wind-
ing of sw tchmw IdJY 18, vesting contact of
armature 55 and said armature, wiper 72,
test terminal 76, and winding of chain lehy
80 to battery. The sw 1tch]n<r relav 13 and
the chain relay ‘80 energize in series. The
chain relay 80 upon energizing closes its
contacts 84 and 85, tllnl”>uy complﬂtlnﬂ a
chain circuit for grounding the vertical test
contact 78.  The cireuit may be traced as
follows: From ground by way of the work-
ing contacts of “the first seven relays, arma-
ture
115 and its resting contact to vertical. test
contact 78. As a result of the energization

A ‘shorvt interval after re- -

84 and its working contact, armature -
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of the switching relay 13, said relay closes
at armature 58 a circuit through the low
capacity condenser 97 for transmitting the
well known ring-back tone when ringing
current is applied to the called line. ‘>w1tgh-
ing relay 13, at armature 59 opens the cir-
unt for the rotary magnet, at .umxtuu G0
short cimeuits its upper winding, completes
a holding circuit for chain relay 80, and
places ground potential on the test terminal
76, therehy making the trunk line busy to
other switches having access thereto; at ar-
ma{me 61 opens the cireuit for the testing
relay 10 so said relay cannot again cnergize,
at armature 62 completes a l(mkmrr circuit
for itself from ground at armature 36, at
armature 63 opens a p()mt in the release cir-
cuit so as to prevent the premature release
of the switch. and at armatures 57 and 64
connects ringing current to the trunk line,
which current opemtes 2 signal at the oper-
ator’s position in the priv: ite bank exchange.
th cirenit for operating the visual smndl

1 drop 81 at the private bank e,\chmge
may be traced as follows: By the operation
of the interrupter relay 93, grounded gener-
ator and booster battery is alternately
placed on armature 69, and {from thence the
circuit may be traced through the upper
winding of the ringing cut-ofl relay 9, rest-
ing contacts of armature 44 and said arma-
ture, armature 57 and its working contact,
wiper 70, line bank terminal T4, tip spring
82 of jack J and its resting contact, con-
denser C, winding of drop 81, line bank ter-
minal 77, wiper 73, working contact of ar-
mature 64 of said armature, armature 46
and its working contact to ground. The
ring cut-off 1e]ay 9 due to its construction,
condenser C, and the high resistance of drop
81. will not energize over the above traced
cireutt, drop 81, ho\\'ever, is operated over
the above traced cirenit to display to the
operator at the branch exchange the visual
signal by means of which the operator is in-
formed that a connection is desired. The
operator, in response to the operation of the
visual signal, inserts an answering plug of
her cord cireuit (not shown) into jack J,
thereby disconnecting drop 81 at springs 82
and its resting Lontdct. and completes a cir-
cuit. for the ring cut-off relay as follows:
from grounded weneratm of booster battery,
at armatures 69 over the circuit previously
traced to spring 82 and from thence to the

- operator’s cord cireuit back to spring 83 and

numnd at armature 46. Ring cut-off relay
9. upon energizing completes a locking cir-
cuit for itself at armature 45, and at arma-
tures 44 and 46 disconnects ringing current
from the called line and completes the talk-
ing circuit between the calling subscriber
and the operator, and in addition, completes
a circuit for the back bridge relay 8 as fol-
lows: From ground, upper Wlndln"‘ of said

1,867,950

relay, by the way of working contact of ur-
mature 44 of said armature, through the op-
erator’s cord cireuit and back (o the Jower
Wiliiing m said relay to battery. The back
bridge relay, upon energizing, reverses the
flow ol current to the ealling subseriber
artiatures S0 and 31, and at armature 52
cenneets ground to the condtictor 95 so thal
the switeh cannot release until the subscriber
hangs up. The operator, upon ascertaining
the wants of the calline subscriber completes
the desived connection and the conversation
5 ocarvied on in the usual manner.  After
conversation ix finished both parties replace
their receivers.  When the calling subseriber
hangs up, he opens the cu('mt “of the line
relay 4 whereupon said relay deencrgizes
and opens the cireuit of relay b. Adfer a
short interval relay 5 deenergizes and re-

toves ground from the release conductor
22, thereby allowing all the switches back

of the connector H to release and restore (o
neral, Inoaddition, at armature 36, relay
5 upens the locking circuit for relays 9 and
13, and at armature 35 completes a circuit
for the release magnet 14 to allow the switeh
to return 1o norwml. Relays 9 and 15 de-
energize and relay 13 opens the cireuit of
the chain relay 80. Relay 80 deencrgizes and
opens the chain eireuit at armature $4 and
its working contact 85. The release magnet
Lt is energized over the following path:
I'rom ground at avmature 33 and its resting
contact, armature 35 and its resting contact,
armature 63 and its resting cont: ut off-nor-
mal springs 67, and release nm'rnd 14 to
battery. The release mi wnet is maintaine:d
energ.zed over the above traced cireuit un-
til the shaft and wipers ave returned to their
normal position. thereupon the circuit of the
release magnet is opened by the separation
of the off-normal springs.” The connector
switch has now been returned to its normal
position and can now be used for other
calls,

Having deseribed the operations of {he
connector switeh in establishing a connec-
tion with the eight trunks in the first level
and the establishments of the chain circuit
as a result thereof, a detailed description
will now he given showing how the connee-
tor switch comp]eiu connections to ‘dle
trunks in other levels of the same group of
trunks.

Assuming that the connector switeh IT is
again seized and operated opposite the fivst
level as previously explained and that the
first eight trunk lines in the first and second
Tevels ave busy, the vertical wiper velay will
energize due to there being a ground poten-
tial on the vertical contact 78, It being re-
membered that when relay 7 decnergized it
completed a testing circuit for the vertieal

viper relay 8 at armature 30.

If the first eight trunk lines in the first

70

(]

80

85

BT

Hiidl

105

110

115

120

232



10

20

25

kil

40

50

55

60

1,667,950

and. second: levels are busy, there will be a
ground potential on the vertical test contacts
78 and 94 caused by the energization of the
chain relays shown just below the first and
seconds levels, (¥ig. 2). Each chain relay,
apon energizing when its associated trunk
is seized completes its portion of a chain of
contacts by means of which ground is con-
nected. to the vertical test contacts. As-
suming, therefore that the first eight trunk
lines in the first and second levels are busy,
the relay 7, upon deenergizing completes an
energizing circuit for the vertical wiper
relay. 8 as follows: From ground by way
of chain relay contacts, vertical test contact
78, vertical wiper 95, resting contacts of
armature 89 and said aimature, and winding
of relay 8 to battery. Relay 8, upon ener-
gizing prepares a-circuit for vertical mag-
net 15 at armature 43 and its working con-
tact, and at armature 41 and its working
contact completes an energizing circuit step-
ping relay 6 as follows: From ground by
way, of vertical. test wiper 95, resting con-
tact.of armature 39 and said armature, in-
terrupter springs 65 and its resting contact,
working contact of armature 41 and said
arnature, and the winding of stepping relay
6.to battery.. Stepping relay 6 energizes and
completes a locking circuit for itself as fol-
lows: From ground by way of working con-
tact and armature 34 and soid armature,
working contacts of armature 37 and said
armature, armature 66 and its resting con-
tact, working contact of armature 42 and
said. armature, resting contact of armature
39 and said armature, interrupter spring 65
and its resting contact of the vertical mag-
net, working contact of armature 41 and said
armature, and winding of stepping relay 6 to
battery. Relay 6 also completes a locking
cireuit to relay 8 from. ground over a por-
tion of the above traced circuit to armature
39. and thence through the winding of relay
8 to battery. . Relay 6 in addition to com-
pleting a. locking circuit for itself and for
relay 8, completes an energizing circuit for
the. vertical magnet 15 at armature 38 as fol-
lows: From ground by way of working con-
tact of armature 36 and said armature, arma-
ture 38 and its working contact, armature
43 and its working contact, and winding of
vertical magnet 15 to battery. By the oper-
ation of a vertical magnet, the switch shaft
and wipers are raised opposite the next or
second level, and the vertical test wiper
comes into engagement with the vertical
test contact 94 opposite the second level.
The vertical magnet 15 at its interrupter
springs 65, opens the locking circuit for re-
lay 6, whereupon  said relay deenergizes.
Relay. 6, upon deenergizing, opens the cir-
cuit. for. the vertical magnet at armature 388,
and at armature 37 opens the locking cir-
cuit of the vertical wiper relay 8. The verti-

cal magnet deenergizes and closes its in-
terrupter springs 65.. The vertical wiper
relay 8, However; is maintained energized
from the. ground potential on the vertical
test contact 94. The vertical magnet by clos-
ing its interrupter springs 65 completes an
energizing circuit- for the stepping relay
6. Stepping relay 6 completes a locking
civenit for itself and relay 8 and operates
the vertical magnet. = The vertical magnet
again opens the circuit of the stepping re-

lay - and this sequence of operation contin-

ues until the vertical test wiper no longer
finds a ground potential or until it comes
into engagement with a dead test . contact,
whereupon the relay 6 and the vertical mag-
net 15 are veturned to their normal position.

The wipers of theconnector switch are
now opposite the third level and as the ver-
tical test wiper 95 finds a dead vertical. test
contact relay 8 deenergizes and prepares a
circuit for. the  rotary trunk.  hunting
movenent at armatures 41 and 43. " The sub-
scriber may now dial the remaining or the
last digit of the called number or the digiv
1. In response to the operation of the call-
ing device by the calling subseriber, the cir-
cult of the line relay is again interrupted.

Assuming that the first seven trunks in
the third level are busy, the connector auto-
matically rotates in the same manner as pre-
viously described until the test wipers 71
and 72 encounter the test terminals 117 and
118, respectively, of the eighth trunk or the
first idle trunk in said level. As the. test
relay 10 no longer finds a ground potential
on thie test terminal 118 with which it is now
in engagement, sald relay deenergizes. and
prepares a circuit for the switching relay 13
at armature 48, and at armature 47 opens a
circuit for the testing relay 6, so said relay
will not energize and operate the rotary
magnet when this trunk is made busy to
other connector switches having access there-
to. At armature 50, relay 10 opens a portion
of the busy circuit. A short interval after
relay 6 deenergizes, the slow acting relay
12 deenergizes and completes a circuit. for
the switching relay 13 as follows: From
grounded release conductor 22, by the way
of armature 48 and its resting contact, upper
winding of switching relay 13, resting con-
tact of armature 55 and sald armature, test
wiper 72, test terminal 118, switching chain
relay 96 to battery. The switching relay 13
and the chain relay 96 energize in series,
The chain relay 96, upon energizing, closes
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at its contacts 112 and 118 a circuit for ener-

gizing the chain relays 97 and 98. It will .

be noted that the chain relay 96 does not
close a chain circuit for the vertical test ter-
minal associated with the third level as none
is needed.. When the chain.relay 96 ener:

gizes a circuit may be traced for the relays

97 and 98 as follows: From ground through
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the contacts controiled by chain relays of
the first seven busy trunks, armature 112 and
, relay 97 to battery, and from
contact 113 to the winding of 1‘elay 98 to bat-
tery. Relay 97 upon energizing, removes
ground from the vertical test contact 94 at
armature 114 and its resting contact, and at
its working contacts prepares another cir-
cuit for grounding the vertical test contact
94 when the last two trunks in the second
level become busy. Chain relay 98 upon
energizing, removes ground from the ver-
tical test contact 7§ at armature 115 and its
resting contact and at its working contact
prepares a new circuit for grounding the
vertical test contact 78 when the last two
trunks become busy.

Assuming that the first eight trunks in
the first three levels are busy, the next con-
nector switch, such as H, to call this group
does not take an automatic vertical step be-

cause ground huas been removed from the
vertical test contacts by the operation of the
chain relay. The connector rotates as pre-
viously described and seizes an idie trunk
or the ninth trunk in the (first level. The
chain relay associated therewith energizes
and prepares a point in the cireuit for again
grounding test contact 78, In the same man-
ner the next connector switeh seizes the
tenth trunk in the f{irst level. The chain
relay 107 energizes and completes the chain
cireuit for oxolmdm(r the vertical test con-

act 78. In the previously described man-
ner the next two switches operated to this
group of trunk lines seize the ninth and
tenth (runks of the second level and energize
the chain relays associated therewith, The
chain relays again complete the chain cir-
cuit for gr oundmo the vertical test contact
94, Should any more connectors attempt
to call the group they would be automati-
cally stepped up to the third level and seize
the last two trunks in the third jevel. The
chain relays associated thevewith energize
and close a circuit for operating “all tr 1k
busy” meter 109. It will be appreciated.
however, should any of the busy trunks he-
come idle, the chain relay associated there-
with deenergizes and opens the chain circuit
to remove ground from the vertical test con-
tact assoclated therewith or removes ground
from the “all trunk busy” meter 109.

A modification is shown in Fig. 2 for
modifying the chain relay circuit so “that the
chain cirenit for the fivst level is opcno\l nd
ground removed from contact 78 when the
first eight trunks of the second level hecome
busy. With this arrangement or by con-
necting the jumper 120 to contacts 121. the
first emht trunks in the first level, the first
eight trunks in the second level, the Iast two
trunks in the first level, the first eight trunks
in the third level, the last two trunks in the
second level. and then the last two trunks
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in the third level become busy in the order
just named, providing, of course, that none
of the busy trunks become idle in the mean-
time.

The number of the second large group as-
signed to the fourth and fifth levels is 4 and
1. The ling subseriber in order to call this
group dials the digit 4 and the conncctor

steps vertically to the fourth level at which

time the vertical test wiper 95 engages the
vertical fest contact 101. If ull the trunks
on the fourth level were husy, or if only the
tirst eight trunks in the fourth level are busy
the switch antom: wically steps up to the fifth
level. 'the calling subscriber dials the digit

i and the connector rotates into elwlrremcnt
\wth the first trunk line in the fifth level in
the same manner as previously deseribed.
Assuming that the tirst three trunk lines in
the fitth level ave busy the connector auto-
matically rotates until it comes info contact
with the fourth trunk line which is the first
idle trunk in that level. 'T'he switching relay
operates in serics with the chain Iehv 94,
The chain relay 99 closes its contacts Lheu.bv
closing an ‘energizing cireuit for the chain
relay  100. Uum ulav 100 operates amd
opens the chain circuit of the fourth level
thereby removing ground from the vertical
test contact 101,
fourth level are busy the chain circuit is
again completed for grounding the vertical
test contact 10L and any other connector
switeh calling this group is automatically
stepped to the [ifth level \\hmeup(m the con-
nector seizes the last trank line m the group
or the lifth trunk line in the fifth level.
When the last trunk ]rnc of the f{ifth level
of the group is seized, a circuit is closed
through the chain reluy contacts for encr-
gizing the “all trunk bu&y” meter 108. 'The
cireuit me ay be traced as follows: From
ground through the chain relay contacts as-
sociated with the Lrunk lines, through the
winding of relay 108 to battery.

Havm(r described the operation of the
switch in connection with the establishing of
a connection with the private bank ('xclmnge,
a brief connection will now be given how
the ealling subscriber receives the busy sig-
nal when all the trunks to the private bank
exchange ave busy.

When the first digit is t(ransmitted to the
cennector, the vertical magnet is operated to
step the shaft and wipers opposite the f{irst
level, as previously explained. With all the
trunk lines busy there will he a ground po-
tential on the vertical test contacts 78 and
94 and the vertical magnet will autemati-
cally operate as previ oukl\ explained to step
the shaft wipers up to the third level. In re-
sponse to the calling subscriber dialing the
next digit the rotary “movement of the switch
is started. Assuming that all ten trunk lines
in the third level are busy, the wipers aro

W]mn all the trunks on the 95
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automatically rotated into engagement with
the' tenth set of bank contacts of the third
level. © As will be noticed in Fig. 2, the test
terminals of the last or tenth trunk in the
third level are not strapped together and the
switch will'stop with its wipers 71 and 72 in
engagement with'said terminals as the.cir-
cult 1s no longer completed for the stepping
relay 6.  Ground; however, on the lower test
terminal maintains the test relay 10 ener-
gized and said relay is locked up from the
grounded release conductor 22 when relay 12
deenergizes. When relay 12 is fully deener-
gized, the busy tone is transmitted to the

- calling subscriber through armatures 56 and

50 in the well known manner, whereupon the
calling subscriber hangs up and releases the
switch as previously described.

- The connector switch is also capable of

» completing connection with private or indi-

vidual lines, the test terminals of five of such
individual lines being shown-as the last five
prunk dines in the fifth level'in Fig. 2. Con
nections to these lines, however, are directly
centrolled throughout by the calling sub-
scriber.  The desired line is not tested until
the wipers have: been rotated into engage-
ment with the bank terminals of a desired
Line, whereupon  the desired connection is
completed if idle, .or if the line is busy, the
busy tone is given: the: calling subseriber in
the well known manner.

It can be readily seen that the chain relay.
cireuits, such as disclosed, greatly reduce the
number of lost calls because the chain circuit
is closed ‘before all idle trunks in' the level
are taken into use. The closure of the chain
circuit before ali the trunks in the level are
busy takes care of simultaneously hunting
switches. For:instance, if three connectors
are simultaneously hunting over a level at a
time when the first seven .trunks in the level

are busy, the first of the switches will .geize

the eighth trunk and close the chain circuit,
and the other connectors - would seize the last

two or reserve trunksand complete their con-

nections thereover.

Although the invention has been described
as having one or:two trunks held in reserve
after the closure of the chain circuit it will
be appreciated that any desired number of
trunks could be held in reserve after the clo-
sure of the chain circuits without departing
from the spirit of the invention. S

Having fully deseribed and ascertained
the features of my invention, what is con-
sidered new and is desired to have protected
by Letters Patent, will be pointed out in the
appended claims: ‘

What is claimed is:

1. In a telephone system, a group of lines
divided into two sub-groups, and means for
making only a portion of the lines in the
first sub-group first choice, only ‘a portion
of the lines in the second sub-group second

7

choice, the remaining: lines in the first sub-

~group third choice; and the remaining: lines

in the-second sub-group last choice to an
automatic switch having access thereto..

2. In a telephone system; a group of lines

divided: into a plurality of sub-groups, and

means for making part of the lines in' the

first: sub-group, part of the lines in the sec-
ond sub-group, part of the lines in the first
sub-group, and part of the lines in the second
sub-group, first, second, third; and. fourth
choices, respectively, in the order named, to
an. automatic switch having access thereto.

3..In a telephone system, a group of lines
divided into two sub-groups, a chain relay
for each of said lines, and circuits controlled
by said chain relays for making lines in the
first. sub-group, lines in the second sub-
group, lines in the first sub-group and lines
in the second sub-group, first, second, third,
and fourth choices, respectively, to an auto-
matic switch having access thereto.

4. In a telephone system, a. group of:lines
divided - into three sub-groups, a chain eir-
cuit- for each of said sub-groups, means for
closing the chain circuits of: the three: sub-
groups. and means responsive to the closing
of the chain cireuit of the third sub-group
for opening the chain circuits of the first:
and second sub-groups. :

5. In a telephone system, a group of lines
divided into three sub-groups, a chain- cir-
cuit for each of said: sub-groups, means for
closing the chain circuits of the first and
second - sub-groups, and means responsive to
the closing of the chain circuit of the second
sub-group for opening the chain circuit of
the first sub-group. :

6. In a telephone system, a group of lines
divided into three sub-groups, a chain ecir-
cuit for each of said sub-groups, means for
closing the chain circuits of the first and
second sub-groups, means responsive to the
closing of the ‘chain circuit of the: second
sub-group for opening the chain: circuit of
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the first sub-group, means. for closing the

chain circuit of the third sub-group, and
means responsive to the closing of the chain
civcuit of the third sub-group for opening
the chain circuit of the second sub-group.

7. In a telephone system, a group of lines
divided into three sub-groups, a chain cir-
cuit for each of said sub-groups, means for
closing the chain circuits of the first and
second sub-groups, means responsive to the
closing of the chain circuit of the second sub-
group for opening the chain circnit of the
first sub-group, means for closing the chain
circuit of the third sub:group, means re-
sponsive to the closing of the chain’ circuit
of the third sub-group for opening the chain
circuit of the second sub-group, and means
for again closing said chain circuits.

8. In a telephone system, a connector, a
switch bank for said connector, a group of
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lines divided into sub-groups terminating
in said bank, individual test bank terminals
for each line, a chain relay associated witi
each of said tummd}s in said sub-groups,
means for operating the associated chain
relay whenever said “connector seizes a line,
and means operated by said chain relays i in
the first sub-group w hen only a portion of
gaid lines are busy for causing &ud connector

“to hunt for an idle line in the second sub-

group when the connector has been operated
to the first sub-group.

9. In a tele shone system, a connector, a
switch bank 14)1' said commector, @ group of
lines divided into sub-groups terminating
in said bank, individual test bank termin: s
for each line, a chain relay associated with
each of said terminals in said sub-groups,
meuns for-operating the associated chain re-
luy whenever said u)nmun seizes a line,
and means operated by the chain relays in
the first and sccond sub-proups when only
part of the lines in the frsc and second sub-
groups are husy for caring said mnmum'
to hunt for an idle line in the thivd sub-
group when the connector has been operated
to the first sub-group.

10. in a telephone systews, u eonunector, @
switch bank for said connector, o group of
lines divided into sub-groups fermimting in
said hank, hdividual fest hank terminals
for each line, a chain relay associnted with
cach of said meinals in said sub-groups,
'ne s for operating the associzted chain ve-

lay whenever said umnmim selzes a line, aund
means opernled by the chain relays in the
fivst. second. and third suh-groups when only
a part of the lres in the fiest, second, anil
third sub-groups e husy for causing said
connector to hunt for an idle line in the first
stb-aroup when the conascior has heen oper-
ated to the first gronip.

11. Ina tvleph(mu system, a connector, a
switch banl for sald connector, a group of
fines divided ito suh- aroups terminating in

1,667,950

said hank, individual test bank terminals for
each line, a chain relay associated with each
of said terminals in said sub-groups, means

for operaiing the associated chain relay
whenever said connector seizes w line, and

means operited l>y the chain relays in the
first, second, and third sub-groups when all
ot ilie trunks in the frst sub- group and only
a part of the lines in the sccond and third
sub-groups are busy for causing the con-
nector to hunt for an idle line in the see-
ond siib-group when the conuector is oper-
ated to the fivst group.

12. In a telephone systemy a group of lines
divided into  sab-groups, an automatic
switch having access to said Tines, and means
for causing said Wihh to automatically
move from the first of said sub- groups to the
second of said sub-groups vesponsive to the
busying of only a portion of the lines in said
first sub- umup.

13. In a telephone system, a group of lines
divided into sub-groups, means for making
any of said linesx husy, and means for com-
pleting a busy elrenit for the first sub- group
1(&,}“,1)\1\(‘ to the busving of only a portion

of the lines in sucli sub-group.

4, Ina <-l(>]m<mv s\,\tem, a group of lines
di \uw'l into sui-gronps, means for nmaking
any of said lines busy, means lnr«mnp](tnw
1) bun eirenit for the first sub-group when
only « portion of the lines in such sub-group
are busy. and menns for opening said cir-
(‘nit..

T a telephone systenm, o group of lines
(!m«lm into sub-gronps, means for making
any of said fines husy, means for mmplvtnw
a Dusy civeuit for the first sub- nmup when
only a portion of the lines in such snb-group
are busy, means for opening s.ml cireuit,
and means for ngain closing said cirenit,

In witness whercof, I herennto subscribe
mv name this 14th day of Angust, A, D.

1996,
LEONARD L. RUGGLIES.
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