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This invention relates to switching devices and
more particularly to telephone switch mecha-
nisms of the cross bar type.

The objects of this invention are to simplify
the structure, improve the reliability, and in-
crease the speed of operation of selective
switches.

These objects have been accomplished by
utilizing a self-multipling switch comprising a
plurality of sets of tensioned wire conductors
positioned in coordinant proximity to other sets
of tensioned wire conductors and arranged to be
selectively brought into engagement therewith
through the actuation of an operating card lo-
cated at each junction point. Each operating
card is supported by two cantilever springs, one
of which is integral with an actuating lever. A
cantilever, flexible selecting finger, when moved
into its operated position by a tensioned select-
ing fape, serves to bridge the actuating lever in
such a fashion that movement of the associated
lugged hold tape causes the actuating lever to
move the actuating card and thereby bring the
selected sets of wires into positive electrical con-
tact. Increased reliability of operation is at-
tained by utilizing double vertical wires mating
with each horizontal conductor, and by the par-
ticular mounting of the operating card which
brings the mating conductors together with a
wiping movement. The increased speed of op-
eration is attained by employing low mass se-
lecting and holding tapes mounted in tension.

The foregoing and other features of the in-
vention will be hereinafter discussed in detail
with reference o the accompanying drawings
in which:

Fig. 1 is a perspective view of a switch con-
structed in accordance with the invention with
certain duplicate parts broken away, omitted,
or shown in phantom for purposes of clarity;

Fig. 2 is an enlarged perspective showing the
contact operating mechanism of one of the cross-
points of the switch in a normal or unoperated
position; .

Fig. 3 is a perspective of the mechanism shown
in Fig. 2 in an operated position; and

Fig. 4 is a plan view taken at g section imme-
diately above a horizontal row of cross-points
showing one of the sets of contacting wires in
its operated position.

Referring now particularly to Fig. 1, the switch
comprises a rectangular frame | having side
members 2 and 3, a top member 4, and a base
member 9, and mountable in a bay by means of
brackets 6. A plurality of horizontal condyct-
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ing wires 1, fixed in mounting plates 8 of insulat-
ing material on side member 2, extend through
side member 3 and are fixed to wiring terminals
8. A plurality of vertical conducting wires 10,
fixed in a base mounting plate {1 of insulating
material on base member 5, extend through the
top member 4 and the top mounting plate 30 and
are fixed to wiring terminals (2. The terminals
9 and 12 are sprung outwardly at their outermost
edges to maintain the conducting wires T and
10 under the proper tension. The horizontal
or line conductors T are arranged in sets, each
set comprising, in the present embodiment, three
wires lying in a horizontal plane. The vertical
or trunk conductors {0 are also arranged in sets,
each set comprising six wires arranged in two
adjacent vertical planes, three wires per plane.
The horizontal and vertical conductors, which
may be made of or clad with precious metal,
are so positioned one relative to another that
a single line conductor 7, suitably actuated, will )
engage with a pair of trunk conductors 10 (Fig.
4).

It will be seen that a plurality of junction or
cross-points are formed by the above-deseribed
arrangement of coordinately positioned wires.
In order selectively to establish contact at any
one of these cross-points, an actuating means
comprising an operating card 13 and an actu-
ating lever 14 is associated with the horizontal
or line conductors T at each cross-point as will
be more fully described hereinafter. The se-
lective operation of these actuating means is
accomplished by coordinately situated low mass
tapes 15 and 16 which are supported in tension
by the action of opposing springs i7. Each ver-
tical or hold tape 15 is attached at the lower
end through its associated spring IT and a
bracket 18 to the base member §, extends up-
wardly through an aperture in the frame top
member 4, and is connected at its upper end
through a spring iT and a tension adjusting
means {8 to the armature 20 of a hold magnet
21. Each horizontal or select tape 16 is attached
through a spring {7 and a bracket 22 to the
frame side member 8, extends through an aper-
ture in the frame side member 2, and is con-
nected through a spring 17T and tension adjusting
means 23 to the armature 24 of a select magnet
25. Identical springs {7 are provided at each
end of each tape balancing one another so that
the magnet works only against the useful load
plus the stiffness (but not against the bias) of
the tensioning springs. )

The earlier-mentioned advantage of high speed
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operation through the use of low mass tensioned
tapes accrues from the fact that the lightest
member which will transmit mechanical force
is one used in tension, and a tension linkage may
therefore have the smallest inertia load incre-
ment for a high speed switch. And although
but a limited number of cross-points have been
shown in Fig, 1 for purposes of clarity, tape actu-
ation has the further advantage of permitting
an increase in the size of the switch without a
prohibitive increase in the inertia load.

4

a hold magnet 21 carries the associated hold tape
i5 upwardly, whereupon the lug 28, associated
with the particular cross-point, contacts the
vortion 88 of the selecting finger 28 and moves
the actuating lever side arms 3% upwardiy. The
actuating lever 14, acting as a bell crank lever
pivoted about the support bar §5, forces the oper-
ating card {3 rearwardly. Since the operating
card {3 is supported by two eantilever springs, its
movement is substantially normal to the plane of

. the contacting wires, but the slight downward

Each select tape 16 serves to control a plural- -

ity of selecting fingers 26 which are mounted in;

support bars 27 extending across the front of
the frame f. When moved into its operated
position by the select tape i6, each sexectmg
finger 26 forms a link between a Iig 28 on the
hold tape 5 and the side arms 36 of the actu-
ating lever {4 such that the subsequent operation
of the hold tape 15 will bring the mating Wwires at
that cross-point into electrical contact.

Since uUpon operation of the switch a set of
horizontal conductors T aré moved toward the
rear of the switch by a selected operating card
i3, the dimensicns of the various slemients must
be so interrelated that the moved horizontal con=
ductors will contact only those vertical conductors
10 at the particular cross-point selected. How-
ever, to obviate the nossmlhty of gny of the other
sets of vertical conductors 10 being contacted, a
plurality of insulafing rods or guard insulators
29 may be provided. Thesé guard ihsulators 29
areé rigid insulating rods extending from thé base
mouhting plate {1 to the top mountihg plate 26,
ate arranged in Set of three, aré positioned a
suitable distance rearwardly of each of flie hofi-
zonal conductors 1, and éach set is centered be-
tween adjacent sets of vértieal conducting wires
i0.

The various elements of the sw1tch associated

at a cross~point may be more clearly Seen by ref-
eréence to Fig. 2. The opérating card {3 is lo-
cated in the area between the two parallel rows
of three wires each which comprise a set of six
vertical conducting wires 18, and has three suit-
ably located notches 2! theréin to accept the
horizontal conductors 1. The operating card 13
is mounted at its rearmost end by means of a
cantilever-mounted card-support spring 32 af-
fixed to a support bar 33 at the rear of the ifame
{ and is mounted. at its front end by means of
the actuating lever #4 which has an extending
spring portion §4 mounted on a support bar 35 at
the front of the frame {. The operating card i3
is affixed to the spnng members by meahns of a
pro.]ectlon at each end of the card engaging a
rectangular aperture in the- spring 32 and in the
actuatlng léver 14, respec’mvely The actuating
lever 14 has two side arms 38 which extend for-
wardly and prov1de a channel through which the
hold tape 15 passes: The selecting; ﬁnger 26
mounted in a support bar 27 acts as a. cantilever
the frée end of whlch can be moved by the select
tape i6, and, in the unoperated posmon rests
against the posmonmg backstop 31 which is in-
tegral with one of the actuating lever side arms
36. The selecung finger 26 is bent at right angles
near its free-end, and the portion 38 thus formed
is sllghtly kinked as at 239,

In operatmg the sw1tch as shown in Fig. 3, one
of the select magnets 25 is energ1zed thus carry-
ing the select tape 16 to the. left and moving the
selecting ﬁnger 26 into a -position whereby the
portion 38 effectively bridges the two actuating

lever side arms. 36. Subsequent energization of .
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movement of the card as the springs flex performs
the useful function of bringing the horizontal
conductors 7 into contact with the vertical con-
ductors {8 with a slight wiping motion thereby in-
éréasing the eertainty of electrical contact. The
slight kink 3% in the selecting finger portion 38
16¢ks over the hold tape lug 28 so that the select~
ing finger 26 will not restore upon release of the
select magnet 25 as long as the hold magnet 24
is_operated.

Referrmg now to the plan view in Fig. 4, Uupon
actuation of the operating card 18, the three
horizontal conductors T are carried rearwardly
and into contact with their respective vertical
conductors 18. The conductors T may also con-
tact the adjacent guard insulators 29 atid thereby
be prevented from contacting any. of the con=
ductors 16 except those in the particular seb
associated with the cross-point heing actuated.

Reélease of the select magnet 25 while hold mag-
net 21 femains opéfated allows all of the select-
ing fingers 26 to be réstored to their unoperated
positions except for the one. selecting finger at
the opérated éross-point. Therefore, once any
selected eross-point is locked in. its operated posi-
tion, ahy other cross-point may be actuated ex-
cept those associated with the hold magnet of the
locked cross-point. The $elect fingers 26 are suf-
ficiently flexible so that the subsequent opération
of the select magnet associated with a held select
finger is not impeded by the fact that one of its
select fingers is in the opérated position,

Release of the hold magnet 21 allows the hold
tape |8 to return, and the operating card {3 moves
to its normal unoper ated position under the effect
of the cantilever springs.32 and 34, thereby allow-
ing the conductors 7 to break contact with the
conductors-{8.

In accordance with the invention, a switch may
be constructed having a large number of cross-
points and, if required for circuit functions, the
sets of vertical and horizontal conductors may

comprise greater numbers of wires than herein
depicted. - The embodiment described in, this
specification is to be interpreted as 111ustrat1ve,
and not-in a limiting sense.

What is claimed is:

- 1. In an automatic telephone: sthch sets of
line conductors and sets of trunk conductors. ar-
ranged coordinately but out of contact one with
the other, a plurality of operating cards, one
positioned at the junction of each set of line con-
ductors with each set of trunk conductors and
movable to flex one set of conduetors into en-
gagement with another set of conductors, a plu-
rality of flexible select tapes,-a plurality of flex-
ible hold tapes, epposing spring members at each

- end -of each of said tapes for tensioning each of

said tapes, means for operating each of said tapes,
a plurality of select fingers operable by each of
said select tapes, and means responsive to the
operation of one of said select fingers in response
to the operation of the associated select tape fol-
lowed by the operation of one: of said hold tapes



for operating one of said cards to effect an elec~
trical connection between a set of line conductors
and a set of trunk conductors.

2. In an automatic telephone switch, sets of
line conductors and sets of trunk conductors ar-
ranged coordinately but out of contact one with
the other, a plurality of operating cards, one posi~
tioned at the junction of each set of line con-
ductors with each set of trunk conductors and
movable to flex one set of conductors into en-
gagement with another $ét of conductors, a plu-
rality of flexible hold tapes each having a plural-
ity of projections thereon, one for each set of
line conductors, a plurality of flexible select tapes,
opposing spring members at each end of each of
said tapes for tensioning each of said tapes, a
plurality of -select fingers operable by each of
said select fapes, there being g select finger .for
each set of trunk conductors, an operating mag-
net for each of said tapes, and means responsive
to the operation of one of said select fingers in
response to the operation of the associated select
tape followed by the operation of one of said hold
tapes for operating one of said cards to effect an
electrical connection between a set of line con-
ductors and a set of trunk conductors.

3. In an automatic telephone switch, sets of
line conductors and sets of trunk conductors ar-
ranged coordinately but out of contact one with
the other, a plurality of operating cards, one
positioned at the juncture of each set of line con-
ductors with each set of trunk conductors and
movable to flex a set of line conductors info en-
gagement with a set of trunk conductors, a flex-
ible hold tape for each set of trunk conductors
and having a projection thereon for each set of
line conductors, a flexible select tape for each
set of line conductors, opposing spring members
at each end of each of said fapes for tensioning
each of said tapes, a plurality of select fingers
operable by each of said select tapes, there being
a select finger for each set of trunk conductors, an
operating magnet for each of said tapes, and
means responsive to the operation of one of said
select fingers in response to the operation of the
assceiated select tape followed by the operation
of one of said hold tapes for operafing one of
said cards to effect an electrical connection be-
tween a set of line conductors and a set of trunk
conductors.

4. In an automatic telephone switeh, sets of
line conductors and sets of trunk conductors ar-
ranged coordinately but out of contact one with
the other, s plurality of operating cards, one
vositioned at the juncture of each set of line con-
ductors with each set of trunk conductors and
movahle to flex one set of conductors into en-
gagement with another set of conducfors, an
actuating lever associated with each of said oper~
ating cards, a flexible hold tape for each set of
trunk conductors and having a projection there~
on for each set of line conductors, a flexible select
tape for each set of line conductors, opposing
spring members at each end of each of said tapes
for tensioning each of said tapes, a plurality of
select fingers operable by each of said select
tapes, there being a select finger for each set of
trunk conductors, and an operating magnet for
each of said tapes, one of said select fingers upon
operating in response to the operation of the
associated select tape effecting a mechanical
linkage between the associated projection on one
of said hold tapes and the associated actuating
lever, said hold tape in operating then operating
sald actuating lever to cause the operating card
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to effect an electrical connection between a set
of line conductors and a set of trunk conductors.

5. In an automatic telephone switeh, sets of
line conductors and sets of trunk conductors ar-
ranged coordinately but out of contact one with
the other such that a plurality of junction points
are formed, an operating card associated with a
set of line conductors at each of said junction
points and movable to flex the set of line con-
ductors into engagement with the mating set of
trunk conductors, a flexible hold tape for each
set of trunk conductors and having a projection
thereon at each of the junction points, a flexible
select tape for each set of line conductors, oppos-
ing spring members at each end of each of said
tapes for tensioning each of said fapes, a select
finger at each of the junction points and operable
by one of said select tapes, an operating magnet
for each of said tapes, and an actuating lever as-
sociated with each of said operating cards, one
of said select fingers upon operating in response
to the operation of the associated select tape ef-
fecting a mechanical linkage between the asso-
ciated projection on one of said hold tapes and
the associated actuating lever, said hold tape
in operating then operating said actuating lever
to cause the operating card to effect an electrical
connection between a set of line conductors and
a set of trunk conductors.

6. In an automatic telephone switch, sets of
line conductors and sets of trunk conductors ar-
ranged coordinately but out of contact one witn
the other, a plurality of operating cards, one po-
sitioned at the junction of each set of line con-
ductors with each set of trunk conductors and
movable to flex one set of conductors into en-
gagement with another set of conductors, a pair
of cantilever springs supporting each of said op-
erating cards, such that the movement of each
of said operating cards is substantialiy parallel
to the plane of the flexed conductors, a plurality
of tensioned select tapes, a plurality of tensioned
hold tapes, means for operating each of said
tapes, a plurality of select fingers operabie by
each of said select tapes, and means responsive
to the operation of one of said select fingers in
response to the operation of the associated select
tape followed by the operation of one of said
hold tapes for operating one of said cards to ef-
fect an electrical connection between a set of line
conductors and a set of trunk conductors.

7. In an automatic telephone switch, sets of
line conductors and sets of trunk conductors ar-
ranged coordinately but out of contact one with
the other, a plurality of insulating rods, one lo-
cated adjacent each line conductor and hetween
adjacent sets of trunk conductors, a plurality of
operating cards, one positioned at the junction of
each set of line conductors with each set of trunk
conductors and movable to flex one set of con-
ductors into engagement with another set of con-
ductors, a plurality of flexible select tapes, a plu-
rality of flexible hold tapes, opposing spring
members at each end of each of said tapes for
tensioning each of said fapes, means for operating
each of said tapes, a pluralily of select fingers op-
erable by each of said select tapes, and means
operative upon the operation of one of said se-
lect fingers in response to the operation of the
associated select tape followed by the operation of
one of said hold tapes for operating one of said
cards to effect an electrical connection between
a set of line conductors and a set of frunk con-
ductors, said set of line conductors also contact-
ing the adjacent insulating rods such that said
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set of line conductors engages only the selected
set. of trunk conductors.

8. In an automatic telephone switch, sets of
line conducters and.sets of trunk eonductors ar-
ranged coordinately but out of contact one with
the other, a plurality of operating cards, one po-
sitioned at the juncture of each set of line con-
ductors with each set. of trunk conductors -and
movable to flex one set of conductors into engage-
ment with another set of conductors, an actuat-
ing lever associated with each of said cards and
having a pair -of spaced side arms extending
therefrom, a hold tape for each set of trunk con-
ductorg. and having a projection thereon for each
set. of line .conductors, a select tape for each set
of line conductors, a pluralify of select fingers op-
erable by each of said select. tapes, there being
a select finger for each set of trunk conductors,
and an operating magnet for each of said tapes,
one of said select tapes in operating positioning
the associated ones of said select fingers to bridge
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the pairs of spaced side:arms on the associated
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actuating levers so that upon operation of a hold
tape the associated projection on said hold tape
contacts the associated select. finger thereby op-
erating the associated actuating lever to cause the
associated operating card to effect.an electrical
connection between a. set of line conductors and
a set of trunk conductors. ,
ROBERT L. PEEK, Jzr.
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