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The Crossbar System

By R. C. DAVIS

HE crossbar switch* has given

I the Telephone Systems engi-

neer a valuable tool for use in
the complex problem of completing
dial subscribers’ connections. This
tool has been found to have advan-
tages in many respects over switching
mechanisms used in other systems,
but its application also has presented
many problems. Both the step-by-
step and the panel systems employ
selectors for establishing a connection
between two subscribers. These selec-
tors are radically different both in
their construction and their method of
control, but they are alike in employ-
ing a brush or wiper that moves over
a large number of terminals until the
desired one is reached. The crossbar
switch is not of this nature at all; it is
a group of magnetically operated con-
tacts, any desired one being made by
the operation of two magnets in rapid
sequence. Since there is no passing of
a brush over a sequence of terminals,
an entirely different method of con-
trolling selections has been developed,
so that the crossbar system differs
from previous dial systems not only in
the type of apparatus employed, but
in the method of control.

In the step-by-step system the
operation of the subscriber line relay
causes a line finder to connect itself
to the line. The line finder has a first
selector directly connected to it, and
the first digit dialed by the subscriber
causes the first selector to step verti-

cally up to the level corresponding to

*Page 60, “The Crossbar Switch.”

the digit dialed, after which it ro-
tates horizontally to find an idle
trunk to a second selector. Each suc-
cessive selection is made in this
fashion with the selectors directly re-
sponsive to the subscriber’s dial. In
the panel system the operation of the
subscriber line relay also causes a line
finder to find the calling line and the
line finder is directly connected to a
district selector. In this system, how-
ever, a subscriber’s sender is also con-
nected to the line through the district
selector and a link circuit, and the
digits dialed by the subscriber are
recorded in the sender. The sender
then is connected through a connector
to a decoder, which translates the
office code into brush and group selec-
tions of the district and office selec-
tors. The sender then proceeds to set
up the call through the district,
office, incoming, and final selectors to
the called line, after which it is re-
leased. Control of these selections is
over the trunk conductors which are
later used for speech transmission.
The selectors in both the step-by-
step and panel systems are provided
with control equipment individual to
the selector for selecting the brushes
or groups of bank terminals and for
moving the brushes over the terminals
by impulse control, directly by the
dial in the step-by-step system and by
the sender in the panel system. Indi-
vidual equipment is also provided
in these selectors for moving their
brushes over the terminals to hunt for
idle trunks. This necessarily means
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that considerable equipment is pro-
vided in these circuits which is used
for only a few seconds at most in
setting up the connection; and since
this equipment is individual to the
circuit, it is not used again until dis-
connect by the subscribers takes
place and a new call is set up. In the
crossbar system, however, economic
advantage is taken of the high-speed
relay-like operating characteristic of
the crossbar switch by putting all of
the selecting and trunk-hunting fea-
tures in a few common control circuits.
This greatly simplifies the individual
district and incoming trunk circuits,
and in addition it entirely eliminates
individual relay equipment in the
crossbar circuits corresponding to the
office and final selector circuits in the
panel system.

The switching frames of the cross-
bar system are known as the line-link,
the district-link, the office-link and
the incoming-link frames. The dis-
trict, office, and incoming-link frames
perform the same switching func-

tions as the district, office, and in-
coming-selector frames of the panel
system, but the line-link frames are
used for connecting the lines to dis-
tricts on originating calls and for con-
necting the trunks from incoming
frames to the lines on terminating
calls, thereby performing the func-
tions of both the line finder and final
frames of the panel system. Each of
these crossbar frames consists of pri-
mary and secondary switches. The
connections from the primary to the
secondary switches of the same frame
are known as “links” and the connec-
tions between frames are known as
“junctors.” Each primary switch has
links to each of its associated sec-
ondary switches, and the junctors out-
going from each district and incoming
frame are distributed evenly over all
office and line-link frames respectively.
Similar primary-secondary switching
arrangements are used in the sender-
link frames for connecting subscriber
senders to district junctors and ter-
minating senders to incoming trunks.
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The path of a subscriber-to-sub-
scriber call through the various ele-
ments of the crossbar system is shown
in the diagram. When the calling
subscriber removes his receiver, the
operation of his line relay actuates a
line-group and a sender-link con-
troller circuit, each of which is com-
mon to an entire frame. These
controller circuits select an idle line
link, district junctor, sender link, and
sender, and operate the necessary
select and hold magnets to establish
the connections. Approximately 0.6
second is required to complete this
connection, after which dial tone is
sent to the subscriber, and the control
circuits are free to serve another call.

The subscriber sender in the cross-
bar system is fundamentally the same
as the panel subscriber sender except
that it does not itself control the
district and office selections. The
sender picks an idle originating marker
and passes the code of the called office
as is done in the panel system, and in
addition also passes other informa-

tion on to the marker which will be
needed by its added function peculiar
to crossbar operation. This added
function is known as a marker opera-
tion and consists of picking an idle
trunk to the called office and then
picking idle paths through the district
and office-link frames for connecting
the district junctor to the trunk
selected. When these functions have
been performed the marker operates
the proper select and hold magnets
to close the cross-points and establish
the connection to the selected out-
going trunk. After getting its check
signal that the cross-points are prop-
erly closed, the marker is available
for the next call that comes in.
The marker completes its function
in approximately o.5 second.

After the district junctor has been
connected to a trunk to the called
office, which we will assume is a cross-
bar office, the subscriber sender closes
a bridge across the trunk conductors,
which operates the line relay of the
incoming trunk circuit and causes
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a sender-link controller circuit to
connect a terminating sender to the
trunk through a crossbar link in a
manner similar to that in which the
line-group controller circuit operates.
When the terminating sender is con-
nected to the trunk, the record of the
called subscriber’s number is trans-
ferred to it by the subscriber sender
over the trunk conductors.

The terminating sender then passes
the record of the called subscriber’s
number to a terminating marker,
which in turn tests the called line for
busy and, if it is found idle, picks idle
paths from the incoming trunk to the
subscriber’s line in a manner similar to
the connecting of the district junctor
to the selected out trunk by the de-
coder marker. The marker makes the
busy test and determines on which
line-link frame the line is located
through a frame known as the Num-
ber Group connector frame, and then
connects to the desired line-link
frame through a frame known as the
Line Choice Connector frame. The
subscriber sender is released when the
record of the called number has been
passed to the terminating sender, and
the terminating sender and marker
are released when the connection has
been established. The marker com-
pletes its function in about 0.5 second.

There are a number of reasons why
those engineers who have followed the
development of the crossbar system
feel that it will render a grade of
service superior to any previous sys-
tem. The switches themselves are
provided with split springs equipped
with noble metal contacts so as to
provide double assurance of making
contact. Practically all of the control
relays used in this system are also
equipped with the split-ring con-
‘tacts: Experience shows that such
contacts very greatly reduce circuit
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failures caused by contact trouble.

Marker operation, which is made
especially attractive with this switch
on account of its high speed of opera-
tion, is also an important element of
the crossbar system. With this operat-
ing method it is possible to make a
second attempt on many of the
trouble conditions encountered, and
on many such calls the connection
can be established on the second at-
tempt over another path with such
speed that the subscriber is not aware
that any trouble has occurred. In ad-
dition to serving the call on the second
attempt, a record is made of the
failure of the first attempt on a
trouble indicator which attaches itself
to the marker on all circuit failures.
This trouble indicator will be of con-
siderable aid to the maintenance man
in quickly removing conditions caus-
ing circuit failures. In other dial sys-
tems where connections are estab-
lished by moving brushes over bank
terminals many time elements enter
into the proper functioning of the
system. Due to the simplicity of the
crossbar switch itself and the marker
method of operating it, many of these
time elements are entirely eliminated.
These factors are important in re-
ducing maintenance effort.

In addition there are many new
operating features in the crosshar
system. With marker operation, the
desired trunk or line is tested before
the connection is set up, which per-
mits rerouting the call when it is de-
sirable to do so. This is advantageous
for rerouting interoffice calls to alter-
nate trunk groups through a tandem
office where the regular group is all
busy, and thus permits the use of
smaller direct trunk groups by routing
peak-load traffic through tandem. In
the step-by-step and panel systems it
is necessary to wire all unused sub-
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scriber line numbers to trunks to the
intercepting operator, but in the
crossbar system calls for unused line
numbers are rerouted to intercept
trunks.merely by the absence of the
regular jumpers on the line number
terminals. It is possible to spread large
interoffice trunk groups over all office
frames, and large and busy PBX
trunk groups over all line frames
for better balancing of loads. The
system can be introduced into a panel
area without change in the connecting
offices or subscriber sets.

The design of the crossbar switch
and multi-contact relay is such that

less adjustment is necessary after they
are assembled. The crossbar switch
frames can be equipped with all
apparatus and wired and tested in the
shop, by progressive straight-line
manufacturing methods, thus com-
pleting a large proportion of the work
before shipment to the job.

Because of the flexibility of the
sender, decoder, and marker, and the
simplicity of operation of the crossbar
switch, together with its precious
metal twin contacts, it is quite cer-
tain that the apparatus and the prin-
ciples developed will find many uses
in future switching problems.

-
¥ é

g e

a

J I TE SR AT 4

The crosshar switch used in all the major frames consists of twenty vertical units and

five crosshars, as described more fully on page 60. Each of the verticals is a self-contained

unit, and the construction of the switch can be more plainly seen when some of these

units are removed, as in the above photographs. The upper photograph shows the front
side of the switch and the lower, the rear



Crossbar Trunking

By L. E. KITTREDGE

HE basic switching element of

I the crossbar system is the
individual vertical unit of the
crossbar switch. This unit consists
of ten sets of contacts, and gives an
incoming circuit connected to the
vertical multiple access to ten out-
going paths. Any one set of contacts is
closed by the operation of one of ten
select magnets and of the hold magnet
individual to the particular vertical
unit. Since a single group of select
magnets serves all the vertical units
of an entire crossbar switch, these
magnets cannot be put under the con-
trol of a single vertical unit, and so a
control circuit common to at least all
the units of a crossbar switch is
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Fig. 1—Simplified representation of trunk-
ing in the panel system

necessary. Actually, a single control
circuit guides the selection of all the
units of one or more entire frames of
crossbar switches. The many novel
features of the crossbar system arise
to a large extent from this use of
common controller circuits.

The completion of an ordinary local
call may be divided into three sets of
operations. With the manual system,
to take the simplest case, an operator
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first finds the jack of the calling line
and plugs into it to get the number
wanted. She then finds the jack of an
idle trunk to the office called, and re-
peats the number wanted to the »
operator there. As the final step, this
B operator finds and plugs into the
jack of the line called.

In the panel system these steps are
first the connection of the line to a
sender, then the selection of an out-
going trunk, and finally the finding of
the called line. At each stage the
various selectors must hunt—in one
or more steps—over groups of termi-
nals to find an idle path to the next
stage. In an extremely simplified
form, the panel trunking scheme could
be represented as shown in Figure 1,
where the three sets of operations are
indicated by enclosing dotted lines.
Each calling line has a number of the
A selectors that can serve it, and the
first selection is the choosing of an
idle one. Once chosen, this selector
hunts for and makes a connection to
the calling line, and at the same time
the B selector hunts for and connects
to an idle sender. This completes the
first set of operations. After the
sender has received the office code,
the c selector on the district frame
hunts for an idle trunk to an office
frame, where the D selector hunts for
an idle trunk to the office called—
thus completing the second set of
operations. At the office called, in a
somewhat similar manner, the E and
F selectors hunt successively for idle
paths—the E selector on the incoming
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frame for an idle path to the final
frame, and the F selector, on the final
frame, for the line called.

It should be noted particularly that
the A selector is chosen without know-
ing whether or not an idle sender is
available to it. Likewise the c selec-
tion is made without knowing that
the p selector can find an idle trunk;
and the E selection is

sequence from the calling to the called
subscriber. In the crossbar system,
on the other hand, the selection of
the talking path is guided by three
common controller circuits, one for
each of the major stages. These cir-
cuits first locate the required incom-
ing and outgoing circuits for that
stage, and then find an available

5 SUBSCRIBER LINES
made without know- e e T o AL el L
ing whether or not the | INCoMItG i DISTRICT OFFICE |
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step system, the cross-
bar system makes sure
that an idle outgoing
channel is available be-
fore it seeks for an idle channel
through the crossbar switches of each
stage. At the first stage the line-
frame controller circuit, when a call
is placed, first tests for the calling
line and then for an idle district
junctor that has an idle sender avail-
able. Having located these two suit-
able end points, it proceeds to find
an idle path between them through
the crossbar switches. Another con-
troller circuit for stage 2 finds the
chosen district junctor, an idle trunk
to the desired office, and then de-
termines an idle path through the
crossbar switches of stage 2 that
is available for connecting these two
circuits. This procedure is then re-
peated for stage 3, and only after idle
paths are found is the talking path
established.

In previous dial systems the va-
rious selections, both within and be-
tween the three major stages, are
made one after the other in direct

Fig. 2—S8chematic of crossbar system showing the major

switching frames

path through the crossbar switches
comprising that stage. An additional
controller is employed in stages 1 and
3 for guiding the selection of an idle
sender, two of which are usually em-
ployed instead of one as with the
panel system.

There are four main types of
switching frames in the talking path
of the crossbar system: the line link,
the district link, the office link, and
the incoming link. The line-link frame,
however, serves both for originating
and for terminating calls, and thus
functionally may be considered as
two frames, and in addition there are
two sender-link frames. The first
stage employs the originating half of a
line link and originating sender link;
the second stage employs the district
and office links; and the third stage
employs the incoming link, and the
terminating half of a line link and in
addition a terminating sender link for
connection to a terminating sender.
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These three stages may be subdivided
to indicate the various frames as
shown in Figure 2. A call from any
subscriber’s station may go to another
station in that same office or to one
in a different office, but in either
event it passes through an incoming
frame and a line frame. Stage 3 of
Figure 2, therefore, might be in the
_same office as stages 1 and 2, or in a
different one. This diagram also shows
the terminating sender as well as the
originating sender.

The selections in stage 1 are ac-
complished by the line-link and sender-
link controller circuits. For the second
stage selections, theoriginating marker
is used, while the third stage uses a
terminating marker. A

connection with stage 1, shown in
Figure 3, where only a single frame of
crossbar switches is employed in the
talking path. Each line has a choice
of ten paths, because of the ten-point
vertical unit, and each of these paths,
through the secondary switch, may be
connected to any one of a group of
ten district junctors. If the first path
were chosen blindly, with the knowl-
edge only that that path was not in
use, further choice would be limited to
only ten district junctors—the selec-
tion at each step being over a rela-
tively inefficient group of ten.

It will be noted, however, that each
of the horizontal circuits of any one
primary switch runs to a different

. SUBSCRIBER LINE DISTRICT
sender-link controller ___""UiNes __ JUNCTORS JUNCTGRS
is alsp used to attach a = e
tex;;nmaimg dse:nder. 4 -~ INCOMING J;JENP%%%Z é,mo

s already noted, .. -

common controller cir- 3
cuits are employed in- =
stead of a selecting N
mechanism in the indi- P NN O 7/ )
vidual switching unit | | I }
of the crossbar switch. ol e
A panel selector has i } ! }
access to §oo terminals, srisri i i ——
and thus inherently I 2 ; !
has the ability of hunt- e e sem e
ing over large groups. | ; : |
With the crossbar e o e
unit, having only ten } ; ; ;
choices, the group oo s =
would have to be very } ' ! !
small, and thus ineffi- [E—_—_:::—‘ S e
cient, were it not for { ! ; :
the selecting scheme e ———— e ———
adopted, which per- !_ i : 1
mits paths through Lot o e T 4
several crossbar [ T I ]

. 1 | | 1
switches to be tested e oo B S J

. PRIMARY
simultaneously.

"¢ This scheme can be

most readily seen in
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secondary switch in the same frame,
and that each secondary switch has
access to a group of ten district
junctors. Each line, therefore, really
has access to a hundred district
junctors if, before a path is chosen at
the primary switch, it is determined
that idle districts will be available by
way of that path at the secondary.
This is what the line-group controller
circuit does. Before it selects an idle
line link, it determines which of them
have idle district junctors available.
It even goes further and determines
that an idle sender is available to
these junctors. The primary selection
is then made so as to connect only a
line link running to a group of district
junctors some of which are idle and
have senders available.

The controller circuit must also test
for the particular line calling, to en-
able it to know which hold magnet to
operate when the time comes for
closing the circuit through. The group
of district junctors selected tells it
the proper select magnets on both
primary and secondary switches to
close. The particular junctor in the
group, and thus the proper hold mag-
net on the secondary switch, is selected
by the sender-link controller circuit,
which also selects an idle sender.

The arrangement of stage two, in-
cluding the district and office frames,
is shown in Figure 4. Each frame has
its primary and secondary switches as
before. The district links are con-
nected to the verticals of the district
primary switches, and since there are
twenty vertical units, there are twenty
district links per switch, or 200 per
frame. These district links, however,
terminate on the horizontal multiple
of the secondary switches, and since
there are only ten of these horizontal
circuits per switch, the secondary
switch is split vertically so that every

link from the primary may have an
independent termination on the sec-
ondary. The primary switch of the
office frame is similarly split, and thus
there are 200 district links, office
junctors, and office links per frame.

After recording the office code, the
first work of the originating marker,
which is the common controller for
the talking circuit of this stage, is to .
test the trunks running to the office
called and to select an idle one. These
outgoing trunks are divided between
the switches of two office frames, and
thus the selection of a trunk deter-
mines the particular frame, and the
particular switch in that frame, that
will serve as the outgoing end-point
for this switching stage. The marker
also determines the district junctor
that has been selected, and thus
knows also the incoming end-point to
stage 2. Its task is then to find an idle
path between these two points—indi-
cated on the diagram by heavier lines.

The district links leaving each
primary switch of the district frame
are divided equally among the second-
ary switches of |the same frame, one
link going to each of the halves of each
secondary switch. The office junctors,
leaving the district secondaries, do
not all go to one office frame but are
divided equally among the various
office frames. The number of junctors
between any two frames will depend
on the number of frames employed,
since it is determined by dividing the
200 junctors from any one district
secondary by the number of office
frames. Since there are never more
than 20 office frames, there are never
less than ten paths between any one
district and any one office frame. This
is the arrangement shown in Figure
4—all the other verticals of the
district secondaries are connected to
junctors running to other office frames.

II



The office links are connected in the
same way as the district links. While
there are twenty links between pri-
mary and secondary switches of the
district and office frames, it will be
noted that half of them run to half-
section secondaries that do not have
junctors to the frame to which con-
nection is to be made. Between any
one district junctor and any one out-
going trunk, therefore, there are just
ten paths for the arrangement shown
—each consisting of two links to-
gether with one junctor.

To be available for use, each of the
three sections of any one path must
be idle. Since they all may be used by
other calls in other combinations,
however, it is necessary for the marker

DISTRICT LINK FRAME OFFICE
J_UNCTORS

PRIMARY  pistmicr  SECONDARY

to test each link of a path before the
route is chosen. This is done by using
what is functionally a three-winding
relay for testing each path. If any one
of the three links of a path is busy, the
relay will operate, thereby indicating
a busy path. Only the relays of idle
paths remain unoperated, and the
lowest numbered unoperated one is
selected.

The switching arrangement for the
third stage, including the incoming
frame and the incoming half of the
line frame, is shown in Figure 5. It
is very similar to that of the second
stage, except that the line frame
secondaries to which the line junctors
run have each only ten verticals
available instead of twenty as with
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the office links, because the other ten
verticals of each secondary are used
for originating calls. There are at
least ten paths between any incoming
trunk and any particular line, how-
ever, and the testing procedure is
essentially the same.

The number of frames of the va-
rious types depends to a large extent
on the busy-hour calling rate for the
office—that is, the number of calls
placed per line during the busy hour—
and on the average duration of the
calls. A unit known as the CCS,
standing for 100 call-seconds, is used
as the criterion. Thus 500 calls each

INCOMING LINK FRAME

lasting 120 seconds would give 600
CCS. The CCS during the busy hour
is the determining factor, and for
each office is a more or less definite
figure. Each type of frame also has its
capacity rated in CCS, and the num-
bers of each type of frame except the
incoming may be roughly determined
by dividing the total busy-hour CCS
for the office by the CCS capacity of
that particular frame. The number of
incoming frames is determined by the
number of incoming trunks, and these
frames are frequently worked at less
than their maximum capacity.

The capacity of the line frame is
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only about half that of the incoming
frame, and since, moreover, the line
frame is used for both incoming and
originating calls, its capacity in the
incoming direction is only about one-
quarter that of the incoming. To meet
this situation there are about four
times as many line frames as incom-
ings, and since there are 200 termina-
tions for line junctors on each in-
coming frame and 100 terminations
on each line frame, each line junctor
is multipled to two line frames, so
that four line-link frames will accom-
modate 200 line junctors. Each line-

link frame will serve from about 150
to nearly 700 lines, and additional
primary switches are added to obtain
a sufficient number of line termina-
tions for the required number of lines.
The capacity of 100 district junctors is
about five times the originating-call
capacity of the line frames, and since
both district and line frames have
terminations for the same number of
district junctors, a five-fold multipling
is required. The capacity of the dis-
trict and office frames is about the
same, and consequently there is
usually the same number of each.

The U-type relay, developed primarily for the crossbar system, is distinguished by the

use of a cylindrical core flattened on one end to form the pole face, and by an armature

that is loosely pivoted rather than hinged. Its efficient circuit permits as many as twelve
pairs of springs to be used




Crossbar Senders

By J. B. NEWSOM

HE crossbar, like the panel

I system, does not employ a
decimal system of trunk and

line selection, and thus requires
senders. The crossbar switch, how-
ever, does not “hunt” as do the panel
selectors, and the equipment for test-
ing lines and trunks for busy condi-
tion, and for finding idle paths through
the crossbar switches, has been incor-
porated in modified decoders known
as “markers.” They are of two types:
an originating marker, in the office of
the calling subscriber, is employed to
find an idle trunk and an idle path
from the line to the trunk through the
district and office frames; and a

terminating marker, in the office of
the subscriber called, is used to locate
the called line and to find an idle path
from the incoming trunk to the called
line through the incoming and line
frames. Two senders are generally
employed: a subscriber, or originating
sender in the office of the calling sub-
scriber, and a terminating sender in
the office of the subscriber called. The
originating sender corresponds more
nearly to the sender of the panel
system, while the terminating sender
is generally employed, in conjunction
with the terminating marker, to find
an idle path between the incoming
trunk and the called line.
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Fig. 1—Originating senders in the Murray Hill
office in New York City

One of the functions of any sender
is to record the number dialed by the
subscriber. In the later panel senders
this is done by a group of relays,
while in the crossbar sender, the
digits are stored on a crossbar switch.
This number-recording switch is of
the ten-vertical type—instead of the
twenty-vertical type used on the
main switching frames. In the origi-
nating sender, four of the verticals
are used for the three digits of the
office code—two being used for the
first digit—and five verticals record
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the station number, four being
used for the thousands, hun-
dreds, tens, and units digits,
and one—on calls to manual
offices—for the party letter,
where one is used. When the
subscriber’s dial has returned
to normal after each digit, a
select magnet and a hold mag-
net of the crossbar switch are
operated to record it. In each
case the select magnet oper-
ated corresponds to the digit
dialed—i.e. the fifth magnet
for the digit five or the eighth
for eight—and the hold mag-
net corresponds to the posi-
tion of the digit in the num-
ber. Ahead of this crossbar
switch in the sender are relays
that count the pulses of the
various digits and operate the
proper select and hold mag-
nets. A separate vertical on
this switch — together with
two relays where there are
more than ten district frames
—is used for recording the
number of the district-link
frame with which the calling
line has been associated.

The system is not idle while
this recording is going on,
however. As soon as the three
digits of the office code have been
recorded, the sender connects itself
to an originating marker and trans-
mits to it the office code and the
number of the district frame to which
the calling line is connected. The
marker then finds an idle trunk to the
office called and selects an idle path
through the district and office-link
frames between the district junctor
and the chosen trunk. It then in-
forms the sender of the type of trunk
it has chosen, that is, whether it goes
to a crossbar, panel, or manual office,



or to an operator, and whether it goes
by a direct trunk or through a tan-
dem office, and after this is released
by the sender.

During this time the subscriber
continues to dial, and as soon as part
of the number has been recorded, the
originating sender starts to pass sig-
nals over the trunk to the called office,
where they are recorded by a termi-
nating sender. This sender was con-
nected to the incoming trunk after the
latter had been seized by the origi-
nating marker. As soon as the termi-
nating sender has completed its rec-
ord, it acknowledges receipt of the
number to the originating sender,
which closes the talking circuit at the
district junctor and then disengages.
Besides acknowledging the number,
the terminating sender seizes a termi-
nating marker which locates the line
called and—if the line is idle—finds
an idle path between it and the in-
coming trunk. When this has been
completed, it informs the terminating
sender that the call is ready for con-
necting through, and the sender re-
leases it. The terminating sender then
closes the talking circuit at the in-
coming trunk and dis-

for the functions given above. In the
first place, crossbar offices are being
installed in areas where panel and
manual offices are already in use. The
crossbar sender must thus be able to
control selectors in panel offices and
to generate call-indicator pulses for
manual offices.

In the panel system, the sender
controls brush and group selections of
the panel frames by the method of
“revertive” pulsing. Because of this
fact, the originating sender is designed
to operate on revertive pulses. Where
the called office is of the panel type,
the sender uses these pulses to guide
the panel selectors in the completion
of the call, and where the called
office is of the crossbar type, the same
type of pulsing is employed for trans-
mitting the number called to the
terminating sender. This permits the
originating sender to transmit the
same kind of signals regardless of
whether the office called is of the panel
or crossbar type; and a terminating
crossbar sender will operate with calls
incoming from either a panel or cross-
bar office. The originating sender in-
cludes a group of relays that count

engages itself. Ringing
is handled by the in-
coming-trunk circuit
and requires no atten-
tion from the sender.

This simple outline
of the duties of the
originating sender has
assumed that the call
was to a crossbar of-
fice. The circuits of
the sender are ar-
ranged, however, to
provide for all possible
conditions, and are
thus more intricate
than would be required

Fig. 2—Relay section of an originating sender
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Fig. 3—A terminating sender with doors open

the revertive pulses sent to it from the
terminating senders, or from the panel
frames in a panel office, and interrupt
the circuit after the correct number
for each group is received.

A novel feature of the crossbar
sender is the ability to make two or
three attempts to complete a call
when trouble or busy channels are
encountered. Should the originating
marker fail—for any reason what-
ever—to establish a connection to an
idle trunk it will signal the sender that
it has experienced difficulty, and at
once the sender will release that
marker, seize another, and make a
second attempt. The terminating
sender can also seize a second marker
if difficulty is encountered in com-
pleting the call by the first marker.
This is one of the many features of the
crossbar system that make for more
satisfactory service for the subscriber.

Both originating and terminating
senders are connected to the calling
circuit through sender-link frames.
The originating sender is connected
to the line through a sender link, a
district junctor, and a line-link frame.
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As soon as the line-group con-
troller circuit has seized an
idle district-junctor group, it
in turn seizes a sender link,
which proceeds to find an idle
district junctor in that group,
and connects a sender to it.
When the sender is seized, dial
tone is returned to the calling
subscriber, and the line-group
controller circuit transmits to
the sender the classification of
the calling line. The sender is
arranged to record a maxi-
mum of twelve possible classes
of service. These include coin-
box lines, two-party lines, and
the various other types of
service that may be provided;
and the sender must know the class of
line that is being used in making the
call to be able to handle the call
correctly. ‘

The links for the terminating
senders are connected to the incoming
trunk at the called office, and are
seized as soon as the originating
marker has established a connection
to the trunk. Since the terminating
sender is associated with the call only
while the number of the called line is
being recorded and a path through the
incoming and line-link frames is being
found, its “holding time,” or the time
it is associated with a line, is shorter
than that of the originating sender,
being under five seconds instead of
approximately fifteen. The number
required per office is thus less.

Five originating senders are
mounted one above the other to form
a sender frame. A row of such frames
for the Murray Hill office in New
York City is shown in Figure 1. As
installed, the originating sender is ar-
ranged in two parts: at the left is a
cabinet enclosing a large group of re-
lays, shown with doors open in Figure
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2, and at the right is the number-
recording crossbar switch and some
miscellaneous equipment. This part is
shown more clearly in the photograph
at the head of this article. The smaller
amount of equipment required for the
terminating sender permits the cross-
bar switch to be mounted in the cabi-
net with the relays, as shown in
Figure 3. This crossbar switch in the
terminating sender is equipped with
only six vertical units: five for record-
ing incoming brush and group selec-
tions, and final brush, tens, and units
selections, and one for recording the
frame on which the incoming trunk
terminates. This latter information is
transmitted to the sender when it is
seized by the incoming link frame.
Except for the recording of the
number dialed, the originating and
terminating senders perform all of
their functions by relays. Certain of
these relays for the originating sender
are indicated in Figure 2. The relay
marked A follows the subscriber dial
pulses and in turn operates the
counting relays, in group B. In this

latter group are also the relays that

operate the crossbar switch. Relay c

follows the revertive pulse sent to it
by the terminating sender, or by the
incoming and final selectors in a
panel office, and group p counts these
pulses. Group E includes the relays
by which is recorded information re-
garding control of the call, which is
sent to the sender by the marker.
These relays record whether the call is
to a crossbar, panel, or manual office,
whether the call goes by a direct trunk
or tandem office, and so on. On calls
to manual or tandem offices, the
sender transmits call-indicator sig-
nals, and the relays that send these
are included in the two groups marked
F. Group G comprises the selections-
progress relays, which co6perate with
the revertive-pulse counting relays to
control brush and group selections for
the various frames. Relays in group H
control the second-trial features, while
those marked k and ™ are the relays
controlling the connection to and
release of the marker. Many of these
relays, such as the dial pulse count-
ing, and call-indicating relays, are not
required in the terminating sender,
which thus has a less extensive circuit,
as is indicated by Figure 3.



N THE step-by-step and panel sys-
tems each subscriber line is brought
to two switching frames. One of

these, the line finder, is used when the
subscriber is placing a call; the other,
generally known as the final frame, is
used when a call is being completed
to the subscriber. The crossbar sys-
tem differs radically from these earlier
systems in this respect, since with it a
subscriber line is connected to only
one frame—the line link—which is
used for both originating and termi-
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The Crossbar
Line-Link Frame

By A. J. BUSCH

nating calls. This line-link frame, like
all other major frames in the crossbar
system, consists of a group of primary
and secondary switches, and each
subscriber line is connected to one of
the vertical units of one of the
primary switches. The vertical units
of the secondary switches are divided
into two groups of ten each; one group
connects to line junctors, which run
to incoming link frames, and is used
for terminating calls; and the other
connects to district junctors which
run to district frames and sender links,
and is used for originating calls.

The first step the crossbar appara-
tus must take in establishing a con-
nection is to find the particular line
placing the call and then to connect
it to an idle district junctor that has
access to an idle sender. This work is
accomplished by the line-link and
sender-link controller circuits, the for-
mer of which associates itself with a
line when a line relay operates, and re-
mains associated until connected
through to a sender. The time re-
quired for this operation is so short
that only one controller is required
for each line-link frame, which may
serve from 200 to 700 subscriber lines.

The horizontal multiple connec-
tions of the primary and secondary
switches of each line-link frame are
connected together by line links, and
since there are ten horizontal circuits
for each crossbar switch, ten line
links are available to each subscriber,
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At the bottom of the

and 100 line links to the subscribers
of each line-link frame. Since a single
crossbar switch does not have more
than twenty vertical units, this would
provide one link for each two sub-
scriber lines, which for ordinary call-
ing rates is more than is needed.
Where the calling rate does not
warrant so liberal a provision of line
links, one or more additional primary
bays, referred to as the extension
bays, are added, and all are served by
the same group of 100 line links. The
headpiece of this article shows an
actual frame with only a single bay
of primary switches. Beneath the
primary crossbar
switches, under the
can covers, are the line
relays, which operate
when a subscriber
places a call. Figure 1
shows an installation
where three bays of
primary switches are
provided. With this
arrangement, ten line
links serve sixty lines.

bay of secondary
switches 1s a cabinet : {;»
enclosing the relays of =& e
the controller circuit,
and just above this

-t rrr—

shbhy

meseezet il
cabinet are the multi- SEEEEEIE

switch with only ten vertical units
will be used for the last extension
bay. There will be from two to seven
of these groups in each row depending
on the number of primary bays, and
thus from twenty to seventy on a
line-link frame, which has ten rows of
switches. This is indicated by Figure
2, which shows the ten horizontal
rows of primary switches, each with
three twenty-unit crossbar switches
and one ten-unit switch to provide a
maximum of seven groups of ten
lines. Any one group of lines may be
identified by specifying its horizontal
and vertical positions on the line-link
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contact relays by
which this circuit is
connected to the cross-
bar switches.
Subscriber lines con-
nected to the line-link
frame are arranged in
groups of ten—one or
two groups being con-
nected to each primary
switch. Where there is

> +TIIT

an odd number of Fig. 1—A line-link bay at the Troy Avenue Office, which em-

groups, a crossbar

ploys three bays of primary switches
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