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Associated Electric Laboratories, Inc., Chicago,
’ 1lL., a corporation of Delaware

Application December 11, 1937, Serial No. 179,229

5 Claims.

The present invention relates to switching ap-
paratus and more particularly to improvements
in switching apparatus of the form suitable for
use in automatic telephone exchanges.

As pointed ocut in the copending application,
Serial No. 142,966—Clarence E. Lomax and John
H. Voss, filed May 17, 1937, one of the major items
of cost, as regards the construction and installa-
tion of an automatic telephone exchange, is that
of constructing the multiples extending between
the bank contacts of the various automatic
switches. In accordance with conventional prac-
tice, this construction work is performed manual-
ly, each multiple conductor being soldered at sev-
eral corresponding contacts respectively included
in the switches of a particular group. By em-
ploying the improved arrangement disclosed in

the above-mentioned copending application, the

construction and installation costs are materially
reduced through the expedient of using uninsu-

Jated conductors which serve both as multiple

conductors between a plurality of switches and as
wiper contacts for the wipers of the individual
switches. In this improved arrangement, the line
selecting mechanism employed is of the step-by-
step type which utilizes a stepping magnet co-
operating with a ratchet and pawl mechanism
for imparting translatory movement to a shaft
upon which the switch wibers are mounted. In
this, as in other switches of the cross bar type,

. the nature of the line selecting mechanism limits

the number of line grouping arrangements and,
hence, detracts from economy in maintaining the
number of switches in a given installation at a
minimum.

It is an object of the present invention, there-
fore, to provide improved switching apparatus of
the general form briefly described above which is
of simple and economical construction and is sus-
ceptible of a wire variety of line grouping ar-
rangements. :

The improved apparatus as described in detail
hereinafter is illustrated as including a plurality
of spaced bank conductors which serve both as
multiple conductors and as the bank contacts for
a plurality of multiple contact relays, which re-
lays individually include at least one armature,
upon which are supported a plurality of circuit
connecting elements comprising wipers for engag-~
ing the respective associated bank conductors.
Means are provided in each relay for normally
restraining the controlled wipers from engage-
ment with their respective associated bank con-
ductors, the wipers only being moved into engage-
ment with the associated conductors when the

(CL 179--21.54)

operating magnet of the controlling relay is ener-
gized. In order to connect the conductors of the
lines incoming to each relay to the armature con-
trolled connecting elements, each of the latter ele-
ments is also provided with a wiper for engaging
an associated contact during the movement of the
connecting element into the contact-make posi-
tion. For the purpose of enhancing the flexibility
of the apparatus in regard to the trunking or line
grouping arrangements possible, at least a por-
tion of the relays are provided with split arma-
tures so arranged that a portion of the wipers
associated therewith are susceptible of being con-
trolled through the operation of adjacently lo-
cated relays. More specifically, a mechanical
linkage arrangement is employed whereby the
armature of one relay may control not only the
wipers corresponding thereto but also a portion
of the wipers controlled by the armature of an
adjacently positioned relay.

The novel features believed to be characteristic
of the invention are set forth with particularity
in the appended claims. The invention, both as
to its organization and method of operation, to-«
gether with further objects and advantages
thereof, will best be understood by reference to
the specification taken in connection with the
accompanying drawings in which Figure 1 is a
front view partially in section, illustrating one
section of a switching unit constructed and ar-
ranged in accordance with the present invention;
Pig. 2 is a side view of the apparatus illustrated
in Fig. 1; and Fig. 3 is a front view partially in
section, illustrating a further feature of the
invention. = )

‘Referring now more particularly to Figs. 1 and
2 of the drawings, there is illustrated one frame
or section of the improved switching apparatus
as ‘comprising a plurality of uninsulated bank
conductors 10, i, and 12, which comprise a
common contact fleld for a plurality of relays,
one of which is indicated generally at _IE, each
including a plurality of circuit connecting ele~
ments 13, {4 and 15 respectively associated with
the bank conductors. 'The bank conductors are
arranged in evenly spaced apart relation in the
same vertical plane and are supported by in-
sulating members. 17, I8, 19, etc.,, which extend
between and are secured to oppositely disposed
frame members 20 and 2f in the manner indi-
cated. Although the bank conductors may be
secured to the insulating members 17, 18 and 19
in any desired manner, the conductor field is
preferably preformed by slotting the horizon-
tally extending ridge portion of each insulating
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member at the correct intervals and by forcing
the conductors into the slots so that the sides of
each slot tightly grip the accommodated con-
ductor. The various relay structures are spaced
vertically along the frame and, if desired, alter-
nate ones of the relays may be disposed on op-
posite sides of the conductor fleld for the pur-
pose of best utilizing the conductor field, thereby
to minimize the height of a given size unit.
Since the relays may be of identical construc-
tion, only that indicated at 13 has been shown in
detail. This relay is mounted on the frame
members 20 and 21 by means comprising a U-
shaped cross member 22 having its two legs
bolted, respectively, to the frame members 20
and 2{ by two bolts 28 and 24, respectively. The
connecting elements embodled in this relay
structure are mounted upon an armature piece
25 between two Insulating members 26 and 21.
These insulating members are provided along
their opposed surfaces with spaced grooves with-
in which the connecting elements nest so that,
when the assembly is completed by bolting or
riveting the three elements 25, 26 and 21 to-
gether, the elements are rigidly held in position.
It will be understood that the spacing of the
grooves corresponds to the spacing between the
various bank conductors so that, when the relay
structure is mounted on the frame members 20
and 21, the wipers are positioned to be moved
into engagement with their respective associated
bank conductors. The armature piece 28 is pro-
vided at its respective ends with pivot studs 30
and 31, the free extremities of which are jour-
naled in bearings formed by apertures drilled
in the legs of the cross member 22 at oppositely
spaced points. By this arrangement, the arma-
ture assembly is mounted so that it may be ro-
tated to bring the wipers included therein into
engagement with their respective oppositely dis-
posed bank conductors. Normally this assembly
is restrained in the position indicated in Pig. 2
of the drawings, wherein the wipers are disen-
gaged from the bank conductors, by means com-
prising &« coil spring 32 secured at one end to
cne of the legs of the cross member 22 and, at
the opposite end, to the upper portion of the ar-
mature plece 2,

Each of the connecting elements Is substan-
tially Z-shaped in outline and is composed of
two adjacently positioned filat spring members
preferably stemped from a resilient material of
high electrical conductivity suech, for example,
as brass. The wiper ends of the connecting ele-
ments formed st the extremities of the upper
legs thereoi are flared, to facilitate their en-
gagement with the bank conductors, by bending
in opposite directions the end portions of the twe
spring members comprising the same. As indi-
cated in Fig. 2, the extremities of the upper legs
of the Z-shaped connecting elements form the
wipers for engaging the oppositely disposed bank
conductors, each of these wipers being arranged
to straddle and make contact at two points with
its associated conductor when the armature as-
sembly is rotated to cause engagement hetween
the wipers and the bank conductors.

In order to connect the conductors of the lines
incoming to the relay to the connecting elements
embodied in the armature assembly, the extremi-
ties of the lower legs of the connecting elements
are arranged to engage associated contact ele-
ments 34, 35 and 36 during rotation of the ar-
mature assembly to its contact-make position.
These contact elements are clamped between a
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pair of insulating members 37 and 38 which are,
in turn, mounted upon a U-shaped member 3%
depending from the legs of the cross member 22.

For the purpose of rotating the armature as-
sembly into its contact-make position, two elec-
tromagnets 40 and 41 are provided, which mag-
nets are mounted upon the cross member 22 by
means of heel pleces 42 and 43, respectively.
Bince the cross member 22, the heel pleces 42
and 43, and the armature plece 28 constitute a
part of the magnetic circuits for the two magnets
40 and 41, all of these elements are constructed
of a material, such, for example, as iron, having
a low reluctance characteristic.

Although it is believed that the operation of the

- apparatus as described above will be apparent

from the preceding description, it is noted that,
when the two electromagnets 49 and 41 are ener-
gized, the armature assembly is rotated in a clock-
wise direction from the position indicated in Pig.
2 of the drawings to move the connecting elements
{8, 14 and 15 into engagement with their oppo-
sitely disposed bank conductors 10, 11 and 12 and
their respective associated contact elements 34,
385 and 36. As a result, the lines terminating at
the indicated bank conductors are connected by

. way of the connecting elements to the lines ter-

minating at the associated contact elements., As-
suming that the size of the bank conductor fleid
is such that ten three-conductor lines are ter-
minated thereat, this group of lines is selected
upon energization of the two magnets 40 and 4.
In accordance with well-understood telephone
practice, further selection of a particular line in
this group may be attained by terminating the
contact elements 34, 3% and 38 in the contact
springs of a group of line selecting relays arranged
in a conventional manner.

As Indicated in the introductory portion of the
specification, prior switching arrangements are
not particularly flexible as regards the line group-
ing arrangements possible. 'To illustrate this
point, the requirements of a one hundred line con-
nector switchboard designed to serve eighty-five
subscribers’ lines and fifteen outgoing trunk lines
may be considered. Normally, and for reasons of
construction economy, the switchboard bank is
constructed in ten-line sections, or, sections de-
signed to terminate integer multiples of ten lines.
Hence, if standard equipment is to be used in ter-
minating the eighty-five subscribers’ lines and
the fifteen trunk lines, nine sections for the sub-
scribers’ lines and two sections for the trunk
lines, or a total of eleven sections, will be re-
quired, together with the associated relay equip-
ment. Of the available bank conductors, ten sets,
or five sets in each of two sections, will neces-
sarily be left blank. It will readily be seen that
the provision of the extra switch section repre-
sents a considerable item of cost which it is de-
sirable to eliminate.

Referring now more particularly to Fig. 3 of
the drawings, there is {llustrated an improved ar-
rangement devised to overcome the problem sas
outlined above. To this end, a portion of the con-
necting elements, which would normally be con-
trolled by one relay structure in the arrangement
of Fig. 1, are arranged to be independently con-
trolled or to be controlled by the armature of the
adjacently positioned relay. Two bank con-
ductor frames or sections, generally indicated at
50 and 55 and in all respects similar to that de-
scribed above with reference to Fig. 1, are utilized,
these frames being positioned side by side in the
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struction between each of these frames and that
shown in Fig, 1, similar reference characters have
been used to indicate corresponding parts. The
bank conductors of each section may be regarded
as an independent group, but, by the particular

construction and arrangement of the relays as-

soclated with the bank conductor section 55, both
subscribers’ lines and trunk lines may be termi-
nated at the conductors of this frame. Since the
relays associated with the bank conductors mak-
ing up the frame 59 are each identical in construc-
tion with that depicted in Fig. 1, similar reference
characters have been used to indicate the corre-
sponding elements. The relays for controlling the
wipers associated with the bank conductors of
the section 5§ are, however, of different construc-

‘tion, in that the armature assembly is split into

two component parts 48 and 47, which may be in-
dependently controlled hy the operating magnets
48 and 4%. 'Thus, the armature assembly 46 is
pivotally mounted between the left leg of the U-
shaped cross member 9{, corresponding to the
cross member 22, and an intermediate leg thereof,
not shown, extending horizontally therefrom and

5 attached to an intermediate leg 52 projecting up-

wardly from a member 53, which latter membper
corresponds to the member #8. Similarly, the
armature assembly 47 is pivofally mounted be-
tween the right leg of the cross member §{ and the
intermediate leg of this cross member. The
two armature assemblies 46 and 47 are respective-
ly restrained in the contact-bresk position by
suitable coil springs 56 and 57 arranged in the
manner shown. The remsaining portions of the
relay are quite similar to the relay ﬁ_@, and, hence,
no further description is deemed necessary to s
ready understanding of the operation thereof.
By dividing the connecting elements associated
with the conductors of the frame 5§ into two
small subgroups, respectively, controlled by in-
dependent operating magnets, it is possible more
fully to utilize the available line capacity. Thus,
if an odd number group of trunks as, for exam-
ple, fifteen, and an odd number of subscribers’
lines as, for example, eighiy-four, are required
in a particular installation and the sections 58
and 5§ are each of ten lines capaecity, the fifteen
trunks may be terminated at the conductors of
the section §¢ and the five sets of bank conduc-
tors associated with the connecting elements
supported by the armature assembly 46. The re-
maining five conductor sets associated with the
connecting elements carried by the armature as-
sembly 47 are still available for the four odd sub-
scribers’ lines. With this line grouping arrange-
ment two alternative arrangements for actuat-
ing the wipers associated with the trunk ter-
minating bank conductors into engagement with

. their respective associated conductors are dis-

70

closed.

The first arrangement, as shown, comprises
circuit connections for energizing the operating
magnets 40, 4{ and 4§ ir parallel when it is ge-
sired to select an idle one of the trunks. Since
the operating circuit of the magnet 48 is inde-
pendent of this parallel circuit and the armature
assembly 47 is entirely independent of the as-
sembly 48, the resulting trunk selecting opera-
tion of the apparatus in no way affects the po-
sition of the armature assembly 47.

As an alternative arrangement for simultane-
ously operating the connecting elements normally
controlled by the armature 25 and the assembly

. 46, there may be provided a cross bar 58 which

76

is secured to the armature piece 25 and extends

3

into engagement with the armature plece of the
assembly 46. With this arrangement and when
the magnets 40 and &1 are energized to attract
the armature piece 25, hoth the assembly in-
cluding this armature piece and the assembly 4§
are rotated to move their controlled wipers into
the contact-make position. It will be understood
that when this arrangement for controlling the
connecting elements is employed the magnet 48
may be entirely omitted or disconnected.

Although only one specific line grouping ar-
rangement for the apparatus of Fig. 3 is de-
scribed, it will readily be apparent that many
other arrangements designed fully to utilize the
available line capacity are possible through the
provision of the split armatures of the relays as-
sociated with the bank conductor section §i.
For example, the armature assembly may he
controlled independently of any of the other sg-
semblies by providing a separate and independent
operating circuit for .the magnet 48.

While there has heen described what is at
present considered to be the preferred embodi-
ment of the invention, it will be understood that
various modifications may be made in the struc-
ture thereof, and it is contemplated in the ap-
pended claims to cover all such modifications as
fall within the true spirit and scope of the inven-
tion.

I claim:

1. Switching apparatus comprising, in com-
bination, a plurality of bank conductors arranged
in two groups, circuit connecting elements re-
spectively assoclated with the conductors of
each group, means normally restraining sald ele-
ments from engagement with their respeciive
associated bank conductors, a pair of operating
magnets, means responsive to the energization of
one of said magnets for operating only a Bor-
tion of the connecting elements corresponding
to one group of conductors into engagement with
their respective associated conductors, means re-
sponsive to the energization of the other of szid
magnets for operating the connecting clements
corresponding fo the other group of conductors
into engagement with their respsctive associated
conductors, and means also responsive to the en-
ergization of the other of said magnets for oper-
ating a portion of the connecting elements cor-
responding to said one group of conductors into
engagement with their respective associated con-
ductors.

2. Switching apparatus comprising, in com-
bination, a plurality of bank conductors arvar ged
in two groups, circuit connecting elements re-
spectively associated with the conductors of cach
of sald groups, means normally restraining said
elements from engagement with their respective
associated conductors, a pair of operating mag-

nets, means comprising a member controlled by ©

one of said magnets for operating at least a por-
tion of the connecting elements corresponding o
one of said groups of conductors into engage-
ment with their respective associated conguetors,
means comprising a pair of members controlled
by the other of said magnets for operating the
connecting elements corresponding to the other
of sald groups of conductors into engagement
with their respective associated conductors, and
means comprising a link carried by said frst-
named member and cooperating with one of said
pair of members for operating a portion of the
connecting elements controlled by said pair of
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s conductors, and means comprising &

4

associated conductors simultaneously with the
operation of said first-named means.

3. Switching apparatus comprising, in combi-
nation, a plurality of bank conductors arranged
in two groups, & plurality of contacts arranged
in two groups, circuit connecting elements re-
spectively associated with the conductors and
contacts of the respective groups, each of said
elements including a wiper for engaging the as-
sociated conductor and a contact point for en-
gaging the associated contact, means normally
restraining sald elements from engagement with
their respective associated conductors and con-
tacts, a pair of operating magnets, means com-
prising an armature controlled by one of said
magnets for operating the connecting elements
corresponding to one of sald groups of conduc-
tors into engagement with their respective asso-
ciated conductors and contacts, means compris-
ing a pair of armatures, one of which is controlled
By the other of said magnets, for operating the
connecting elements corresponding to the other
of said groups of conductors into engagement
with their respective associated contacis and
link car-
ried by said drst-named srmature and cooper-
ating with the other of sald pair of armatures

_for operaiing = portion of the connecting ele-

ments controlled by said pair of armatures into
engagement with their respective associated con-
tects and conductors simultaneously with the
operation of said first-named means.

4, Switching epparatus comprising, in combi-
nation, & pair of bank conductor frames, groups

3,187,514

of bare bank conductors respectively supported
by said frames, sald frames and the conductors
carried thereby being of a standardized size and
construction, a plurality of relays supported on
each of said frames, each of sald relays including
connecting elements adapted to be moved into
engagement with cppositely disposed ones of said
bank conductors, and the relays assoclated with
the group of conductors supported by one of said
frames each including two independently con-
trollable armature assemblies for actuating in-
dependent portions of the connecting elements
included in the corresponding relay.

5. Switching apparatus comprising, in combi-
nation, & plurality of spaced bare bank conduc-
tors adapted to serve both as multiple conductors
and as wiper contacts, a plurality of contacts, an
slectromagnet, an armature for sald magnet, a
plurality of substantially Z-shaped circuit con-
necting elements supported on said armature and
insulated from each other, said circult elements
corresponding respectively tc said contacts and
conductors and each thereof including as one
arm a wiper for engaging its associated conduc-
tor and as the other arm a wiper for engaging
its associated contact, said armature being ar-
ranged to pivot said eircuit connectors and bring
the wipers thereof into engagement with their
respective associated conductors and contacts,
and means normasily restraining said armature in
a position such that said wipers are disengaged
from their associated contacts and conductors.

JOHN HENRY VOSS.
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