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This invention relates generally to the art of switch-
ing electrical circuits and more particularly to improved
switching apparatus of novel type adapted to accomplish
important switching functions not heretofore possible with
any single switching component of conventional charac-
ter. .

‘In many types of electrical equipment it is necessary
to provide means for selectively disconnecting (or con-
necting) any one or more of a relatively large plurality
of normally commoned (or isolated) electrical circuit
terminations from (or to) all of the remainder there-
of, for maintaining such switched condition of the ter-
minations until it is desired to restore them to their nor-
mal condition, for controllably restoring the terminations
from a switched condition to the normal condition there-
of, and for repeating such operations successively with
respect to different selected ones or groups of the plu-
rality of circuit terminations being handled. '

Orne exemplary type of equipment in which such switch-
ing functions must be performed is found in auto-
matic circuit analyzing apparatus (such as disclosed in
my U.S. Letters Patent No. 2,849,677 or my copending
application Serial No. 710,466) adapted for testing other
electrical systems for, among other possible circuitry
faults, shorts or insufficient insulation resistance between
varicus terminations of the often multitudinous circuits
involved in the system being tested. It may be noted
that my mentioned prior inventions teach and utilize, in
connecticn with the testing of systems having substan-
tial numbers of circuit terminations, the advantageous
principle of successively checking for shorts, for example,
between each circuit termination (or group thereof which
are intentionally electrically commoned within the sys-
tem being tested), and all of the remaining terminations
simultaneously and in one operation, as compared with
the tremendously more time consuming, previous méth-
od of successively checking each circuit termination
against each other termination separately and in succes-
sion. Obviously, however, the utilization of the improved
principle just mentioned requires means for commoning,
for example, large groups of circuit terminations and for
isolating therefrom during testing, other ones or normally
smaller groups of terminations, with the respective identi-
ties of the commoned and the isolated terminations chang-
ing during each successive operation of the testing pro-
gram. The switching problem thus presented is extremely
complex when effort is made to provide the required
switching functions by means of previously available
switching components. .

Heretofore, the best available approach to provid-
ing even the more basic switching functions possible with
the apparatus of this invention was to provide a separate
switch for each circuit termination to be handled, together
with means for operating each of such switches inde-

- pendently of the others and, if any degree of coordinated

operation of the switches was desired, some master con-
trol means for controlling the operation of all of the
switch operating means. In practice, such an assemblage
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with conventional components would normally involve
the provision of a relatively great number of relays, i.e.,
one for each circuit termination, in combination with
stepping switch means for selectively actuating one or
more of the relays to one switching condition thereof
while the remaining relays were left in the other switch-
ing condition thereof. That the initial component and
assembly costs, power consumption, space requirements,
weight - characteristics, servicing time and general com-
plexity of such heretofore available arrangements have
been relatively high, will be apparent, :

It should be noted further in explaining the general
background from which the present invention arose, that
consideration has been given to the possibility of whether
switching functions of the types in question might be
practically provided by the utilization of so-called “cross-
bar type” switching assemblies, but such means have
been found unsatisfactory for this purpose. Such cross-
bar type switching assemblies conventionally involve
basically the provision of a first set of parallel, electrical-
1y conductive tods, a second set of parallel, electrically

- conductive rods disposed perpendicularly and normally
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in spaced relation to the first set, a solenoid or the like
for each of the first set of rods respectively for moving
the corresponding one of the latter into and out of a
shifted position nearer the second set of rods, and a
solenoid or the like for each of the second set of rods
respectively for moving the corresponding one of the
latter into and out of a shifted position nearer the first
set of rods such that any of the first set of rods which
are in their shifted positions will be in electrically con-
ductive engagement with any of the second set of rods
which are in their shifted positions. )

Such cross-bar type switching assemblies are primarily
adapted for switching any of a first group of circuit
terminations into and out of comnection with any of a
second and distinct group of other circuit terminations,
and for this purpose they are reasonably satisfactory, al-
though even in such application it will be recognized that
the provision of a separate rod and solenoid or other
operating mechanism for each and every circuit termina-
tion to be handled imposes serious cost, space and other
burdens as the number of circuit terminations to be han-
dled becomes at all substantial.

Accordingly, even as to the more basic types of switch-
ing functions for which the apparatus of this invention
is particularly adapted, the cross-bar type switch is, at
best, little or no better than the multiple relay and
stepping switch approach mentioned above, while many
of the more complex switching functions of which the
apparatus of the invention is capable simply cannot be
performed by any known kind of cross-bar type switch.

It is, therefore, the primary object of this invention
to provide a solution to above-mentioned and other
problems heretofore prevailing in the switching art with
respect to the effective and efficient performance of var-
ious special switching functions, particularly where rela-
tively large numbers of circuit terminations must be
handled.

It is another important object of the invention to pro-
vide a simplified and relatively inexpensive, integrated
assembly presenting an electrical switching unit or com-
ponent of extreme versatility and reliability in performing
various types of switching functions, a number of which
have been difficult or impossible to accomplish prac-
tically with previously available equipment.

It is ancther important object of the invention to pro-
vide improved switching apparatus which is particularly
suited for handling relatively large numbers of circuit
terminations to be switched with minimum requirements
of space and operating power.

It is another important object of the invention to pro-
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vide switching apparatus whose nature particularly adapts

it for handling the switching of large numbers of circuit

terminations which may be carrying high electrical volt-

ages. .

It is another important object ‘of the invention to
provide switching apparatus which is-adapted to-be simply
and reliably controlled in its operation by electrical con-
trol voltages applied to a minimized number of electrically
responsive ‘motive means. :

It is another important object of -the invention to
provide switching apparatus adapted for isolating one or
more selected circuit terminations of a'substantial number
of such terminations from the-remainder thereof and
for commoning all of the latter, which is further adapted
for quickly changing the identity-of the dsolated and the
commoned terminations in successive -operations of the
apparatus, and ‘which, if desired, may be further adapted
for simultaneously connecting any isolated -fermination
with other isolated terminations .or  external -circuitry
or/and for simultaneously controlling ‘the continuity - of
external circuits functionally related to the isolated or
the common terminations or to both. - -

It is another important object of the invention to pro-
vide -switching apparatus in which selected ones of a
plurality of contact structures may be quickly and suc-
cessively moved into shifted switching positions, latched
in such shifted positions then simultaneously released to
their normal positions.

' Still other important objects of the invention, includ-
ing certain significant. constructional features, will be
made clear or become apparent as the detailed descrip-
tion bereinafter of illustrative embodiments of the in-

. vention progresses.

Finally, with regard to objects and applicability of the
invention, it should be noted that the invention is con-
ceived both to represent a basically significant advance
in the switching art and to involve novel principles and
structure of wide applicability not only in many and
varied general types of presently known electrical equip-
ment, but also in other now unknown types of equip-
ment which the advent of the invention may itself sug-
gest or render possible of practical construction. Ac-
cordingly, although reference to specific applications may
be made herein for illustrative purposes, it is to be under-
stood that the broad scope and wide applicability of
the invention are in no way to be taken as limited thereby.

In the accompanying drawings: :

Fig. 1 is a fragmentary, elevational view of one side
of an illustrative embodiment of the invention;

Fig. 2 is-a fragmentary, elevational view of a portion
of the opposite side of the embodiment of Fig. 1;

Fig. 3 is an edge elevational view of the embodiment
of Fig. 1, with parts being broken away and shown in
section to illustrate the construction in the zone of a
central, vertical plane through the apparatus; ' '

Fig. 4 is a fragmentary, cross-sectional view taken
on irregular line 4—4 of Fig. 3, with some parts being
broken away and the duplication of other parts omitted
for clarity of illustration of underlying structure;

Fig. 5 is a fragmentary, cross-sectional view taken
on line 5—5 of Fig. 1;

Fig. 6 is a fragmentary cross-sectional view taken on
line 6—6 of Fig. 4; and

Figs. 7 and 8 are enlarged, fragmentary cross-sectional
views of illustrative forms of modified contact assemblies
which may be utilized with the invention in lieu of that
shown in Figs. 3 and 4. )

Referring first to Figs. 1 through 6 inclusive, the cur-
rently preferred, -basic embodiment of improved switch-
ing apparatus chosen for illustration of the invention,
is generally designated by the numeral 10.

Apparatus 10 is provided with a frame including spaced,
parallel, 'side plates 12 and and 14 held in fized rela-
tion to each other as by -bolis and - spacers at 16 and
18 -respectively. If desired, bracket means as at 20, 22,
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24, 26 and 28 may be provided for mounting the ap-
paratus 10 in a housing or the like (not shown) and for
supporting other componenis that may be used in con-
junction with the apparatus 1¢ in a particular piece of
electrical equipment of which the apparatus 16 ferms
a part. In the embodiment under consideration, plates
12 and 14, bolts 16 and spacers 18 are preferably all
formed of metal to render the frame of apparatus 10
electrically conductive for use as a common ground, lugs
as at 30 being provided for making electrical connection
thereto. 'If it be desired to increase the resistance leak-
age characteristics of the path between pole pieces 48
and contacts 36, plates 12 and 14, and perhaps other
parts pormally formed of metal, may be made from
eleotrically insulative material and commoning electrical
connections to pole pieces 48 otherwise conventionally
provided.

The plate 12 is provided on the face thereof adjacent
plate 14 with an annular contact supporting member 3%
formed of -electrically insulating material and secured to
plate 12 as by screws 34. A plurality of electrically con-
ductive, elongated, metal, stationary switch contacts 36
are equally spaced around the entire circumference of
member 32 and extend radially inwardly from the latter,
and also outwardly from member 32 to provide luge 38
thereon for the electrical connection of circuit termina-
tions therewith. Contacts 36 may be secured to mem-
ber 32 as by screws 40. It will be understood that, in
an application of apparatus 10 where the latter is to be
permanently employed for switching a given set of cir-
cuit terminations, the wire leads corresponding to the
latter may be soldered directly to lugs 38; while, in an
application of apparatus 16 where the latter is to be
used for switching any ‘given set of circuit terminations
only temporarily (as in circuit fault system testing equip-
ment such as referred to hereinbefore), intermediate leads
permanently soldered to lugs 38 may be used and be
provided with socket or other type coupling means to
which different sets of circuit terminations may be rapidly
connected and disconnected.

Also mounted on the plate 12 in spaced relation to the
latter, as by bolts 42 and spacers 44, is an annular pole
piece carrying member 46. A plurality of elongated,
resilient, electrically conductive, metal pole pieces 48, of
which there is one for each of the contacts 36, are mount-
ed on the member 46 in equally spaced disposition there-
around, as by screws 58. Each pole piece 48 preferably
includes a coiled and counter-coiled, intermediate por-
tion 52 to.render the same more flexible without impair-
ing its overall resiliency. Each pole piece 48 extends
radially outwardly from the member 46 and terminates
in a contact engaging portion 54 normally engaging the
corresponding contact 36, Each of the pole pieces 48
and the corresponding contact 36, therefore, present a
single pole switching assembly which is closed when the
pole piece 48 is in its normal position-but may be opened
upon movement of the pole piece 48 against its own re-
siliency to shift the portion 54 thereof away from cor-
responding contact 36. It will be observed that in the
embodiment illustrated in Figs. 1 through 6 inclusive,
the member 46, bolts 42 and spacers 44 are preferably
formed of conductive, metallic material in order to pro-
vide a commoning connection between all of the pole
pieces 48 and the common ground provided by plates 12
and 14 and the other parts of the main frame herein-
before identified.

The plate 14 is provided on the face thereof adjacent
the plate 12 with an annular contact supporting member
56 carrying contacts 58 and with a pole piece carrying
member 60 having a number of pole pieces 62 mounted
thereon, the construction of such parts 36, 58, 68 and 62
and their relationships to each other and the plate 14
being the same as hereinbefore described with regard
to the parts.32, 36, 46 and 48 respectively and the plate
12. . : : :
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A tubular shaft 64 is rotatably mounted on the main

frame of apparatus 10 for rotation upon the axis of
annular members 32, 46, 56 and 60 by means of a bearing
66 on the plate 12 and a bearing 68 on the plate 14.
Slidably and rotatably received within and extending from
the end of shaft 64 adjacent the plate 12, is a rod as-
sembly generally designated 70 having a pair of relatively
rotatable sections 72 and 74 which may be interconnected
as at 76 for reciprocation together without impairing their
relative rotatability. A hub 78 is rigidly mounted upon
the shaft 64 and carries bracket means 8¢ for swingably
mounting a switch actuating element hereinafter to be
described, as well as a counterweight 82 for such element
which extends oppositely than the bracket means 80 and
the element from the hub 78. .

A switch actuating element generally designated 84
includes an elongated rod 86 extending inwardly from a
point between the sets of pole pieces 48 and 62 past a
point where same is pivotally mounted as at 88 upon the
bracket means 80, through an elongated, longitudinal
slot 50 provided in shaft 64 and into a groove 92 formed
in the rod section 74. Mounted at the outer extremity of
the element 84 is a pole piece engaging member 94, which
is preferably, although not necessarily, formed of elec-
trically insulating material in the particular embodiment
of Figs. 1-6 inclusive.

It will first be understood that the element 84 is
mounted for rotation with the shaft 64 about the axis of
rotation of the latter by virtue of the action of the pivot
83 and the slot 99 in confining shiftability of the ele-
ment 84 to a plane including the axis of rotation of the
shaft 64. It will be further understood, however, that
the element 84 is mounted for swinging movement in
either direction in such plane when the rod 70 is recipro-
cated relative to the shaft 64 and regardless of the par-
ticular rotational position of the latter. The mentioned
rotatability of the element 84 with the shaft 64 provides
for positioning the element 84 between and in juxtaposi-
tion with any corresponding pair of pole pieces 48 and
62 around the circumference of members 46 and 60
respectively, while the swingability of the element 84 in
either direction provides for the shifting of either the
pole piece 48 or the pole piece 62 of any corresponding
pair thereof upon engagement therewith by the member
94 when the element 84 is swung upon its pivotal mount-
ing 88 by reciprocation of the rod 76 relative to the shaft
64 in the appropriate direction. : )

It will be undersiood by those skilled in the art that
the rotational positioning of the shaft 64, and, therefore,
the element 84, may be accomplished in various ways
depending upon the application to be made of the ap-
paratus 18. For purposes of illustration, however, the
embodiment shown may use a sprocket 96 secured to the
shaft 64, together with a chain 98 coupled to a driving
sprocket 168 on the drive shaft 102 of any suitable form
of rotative motive means as generally indicated at 164
and which may be mounted upon the frame of apparatus
16 by means of brackets as at 106 and 108. Since the
function of rotating shaft 64 is to precisely locate the
rotated position of the swiich actuating element 84 be-
tween and in juxtaposition with various corresponding
pairs of pole pieces 48 and 62 at various times, it will be
understood that the motive means 104 may preferably
be of a type providing for stepped advancement of the ro-
tative motion of shaft 102 thereof. In the embodiment
illustrated, a satisfactory form of motive means 104 is
provided by using a telephone type stepping switch for
the latter, in which construction the advancing means
forming a part of the stepping switch 104 provides the
necessary motive power to the shaft 102 of such stepping
switch and the contacts of the latter may be used for
control functions in connection with the other parts of
the equipment of which the apparatus 16 forms a part.
It is to be understood, however, that the motive means
104 should be capable of imparting rotative movement
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to the shaft 64 in such manner that the switch actuating
element 84 may be advanced between the pole pieces 48
and the pole pieces 62 and stopped in operative position
between any corresponding pair of the latter.

The means provided for reciprocating the rod assembly
70 relative to the shaft 64 may include a pair of solenoids
generally designated 116 and 112 having opposed arma-
tures 114 and 116 respectively which are interconnected
by a cam plate 118 having a slot 120 therein generally
inclined to the axis of the plate 118 extending between
the armatures 114 and 116. It may be noted that the
armatures 114 and 116 are respectively provided with
springs 122 and 124 for normally maintaining the plate
118 in a centralized location when neither of the solenoids
110 and 112 are electrically energized. The section 72
of rod assembly 70 is provided on the part thereof ex-
tending out of the shaft 64 beyond the plate 112, with
a bifurcated end portion 126 embracing the cam plate
118 and with a pin 128 extending across such bifurcated
portion 126 and through the slot 120 of cam plate 118.

It will be apparent to those skilled in the art that, by
virtue of the action of the slot 120 upon the end 128,
the rod assembly 70 may be reciprocated in either direc-
tion relative to the shaft 64 when one or the other of
the solenoids 110 and 112 is energized. As above noted,
the rotative coupling 76 provides for relative rotation
between the rod sections 72 and 74, while permitting
the latter to rotate with the shaft 64. When the solenoid
110 is energized to pull plate 118 upwardly as illustrated
in Fig. 3, the rod assembly 70 is reciprocated toward the
left of such figure and the switch actuating element 84
is swung on its pivot 88 in a direction such that the
pole piece engaging member 94 will engage pole piece
62 to move the latter out of contacting engagement with
contact 58 and therebeyond; conversely, when the sole-
noid 112 is energized, the rod assembly 79 is reciprocated
toward the right in Fig. 3 and the switch actuating ele-
ment 84 is swung in a direction to engage the pole piece
48 and move the same out of its normally contacting
relation with contact 36 and therebeyond. It will be
understood that suitable energizing control leads will
be provided to solenoids 110 and 112 for selectively ener-
gizing the latter as desired, just as it will be further
understood that the overall equipment in which apparatus
10 is incorporated, will include suitable electrical. ener-
gizing and control leads to be associated with the motive
means 104 and the other control solenoids hereinafter
to be described. )

Rotatably mounted upon bearing means 136 carried
by the plate 12, is an annular latching ring assembly
132 having cutouts as ‘at 134 to clear the spacers 44
and bolts 42. Such latching ring assembly 132 is rotata-
ble upon an axis concentric with the shaft 64 and is
provided at its outer circumferential portion with a
flange 136 extending toward the plate 114. Such flange
136 carries latching means generally designated 138,
secured to the flange 136 as by screws 140, which means
138 includes a plurality of equally spaced, radially in-
wardly extending latching elements 142 of which there
is one provided for each of the pole pieces 48. The
latching elements 142 are preferably resilient-in charac-
ter and extend inwardly from the flange 136 such a
predetermined distance that, when the latching ring 132
is in its normal position and any given pole piece 48
is swung by the switch actuating element 84 away from
the corresponding contact 36, the end portion 54 of such
pole piece 48 will pass under the corresponding latching
element 142 and be retained by the latter so as to be
maintained out of engagement with the corresponding
contact 36 until the same is released. As will be most
clear from Fig. 4, the latching elements 142 are suffi-
ciently spaced that upon suitable rotation of the latching
ring 132 through a small angle, any of the pole pieces
48 which have been latched under or behind correspond~ -
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ing latching elements 142 may be released whenever the
latching ring 132 is suitably rotated away from its men-
ticned normal position. Referring to Fig. 4, it will be
seen that a protuberance 144 mounted on the plate i2
as by a bolt 146, cooperates with an opening 148 in the
latching rting assembly 132 to provide a stop against
rotation of the latter in one direction under the influence
of a spring 150 oppositely secured to the latching ring
132 as at 152 and to the plate 12 as at 154. The spring
15¢ serves to normally maintain the latching ring as-
sembly 132 in its normal position with protuberance
144 engaging one edge of opening 148, in which normal
position of the latching ring assembly 132, there is a
latching element 142- disposed in proper . juxta-position
to each of the pole pieces 48 for latching the latter when
the same is swung away from its corresponding contact
36 by the switch actuating element 84.

Solenoid means generally designated 156, which are
shown in Fig. 1 but omitted from Fig. 3 in order to more
clearly illustrate the structure already described as asso-
ciated with the solenoid 116, are mounted on the plate
112 and provided with a reciprocable armature 158 hav-
ing a pivotal connection 160 to the latching ring assem-
bly 132, such means interconnecting the armature 158
and the latching ring assembly 132 extending through
a slot 162 in the plate 12. A spring 164 is preferably
provided on the armature 158. It will be understood
that when the solenoid 156 is emergized by application
of electrical power thereto through suitable control leads,
the armature 158 will be reciprocated to rotate the latch-
ing ring assembly 132 away from its normal position
to an angularly displaced position in which the latching
elements 142 have been moved away. from any latched
pole pieces 48 to free the latter for return to their nor-
mal positions in engagement with the corresponding
contacts 36.

Since the solenoid 156 and its associated structure
was omiited from Fig. 3, another view thereof is pro-
vided in Fig. 5, from which it will be apparent that the
pivotal connecting means 160 operates in conjunction
with an enlarged slot 166 adapted to allow for any
lateral displacement between an extension 168 of the
armature 158 and the latching ring assembly 132 dur-
ing rotation of the latter.

As will be apparent from Fig. 3, similar latching and
associated control structures are provided for the pole
pieces 162 associated with plate 14 and include a latch-
ing ring assembly 176, latching means 172 and solenoid

means 174, which are essentially identical in construc- |,

tion and correspond respectively to the latching ring
assembly 132, the latching means 172 -and the solenoid
means 156 described above.

In operation, the embodiment of Figs. 1-6, inclusive,
may be used to perform essentially as follows:

Since all of the pole pieces 48 and 62 are normally
commoned by their conductive mounting upon the main
frame plates 12 and 14 (or by a connection Between lugs
30), and since each of the pole pieces 48 and 62 is nor-
mally in contacting engagement with its corresponding
contact 36 or 58, it will be understood that when neither
of the solenoids 11§ and 112 are actuated, all of the cir-
cuit terminations connected with lugs 38 of contacts 36
and 58 will be commoned and that electrical connection
thereto may be made, if desired, by means of the lugs
39. ‘The motive means 104 may then be electrically actu-
ated to rotate the-shaft-64 to dispose the switch actuating
element between a particular pair of pole pieces 48 and
62. With the switch actuating element 84 so positioned,
one or the other of the solenocids 110 and 112 may then
be energized to swing the element 84 to operate one or the
other of the pole pieces 48 and 62 away from its corre-
sponiding. contact 36 or 58 and into latched condition be-
hind the corresponding latching ‘element 142 of the cor-
responding latching means 138 or 172, At this point, the
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external circuit termination connected with the lug 38 of
the particular contact 36 or 58 whose pole piece 48 or 62
has been operated, will be electrically isolated from- the
remainder of the circuit terminations connected to both
sets of lugs 38, while the remaining terminations will re-
main commoned.

Since the operated pole piece 48 or 62 will remain
latched in its actuated condition until released, the motive
means 104 may then be operated to dispose the switch
actuating element 84 between any other corresponding
pair of pole pieces 48 and 62 and one or the other of
the solenoids 110 or 112 energized to operate the desired
one.of such pair of pole pieces 48 and 62. Such opera-
tion may ‘be continued until the pole pieces 48 and 62
of each of the circuit terminations desired to be isolated
from the remainder of the latter have been operated and
laiched in their actuated conditions. It will be under-
stood -that such steps of each operational phase of the
apparatus 1¢ are accomplished quite rapidly by virtue of
the nature of the apparatus 19 and the various power
means utilized, and further, that by virtue of the elec-
trical character of all of the latter, each such oOperational
phase of the apparatus 18 may be automatically con-
trolled by electrical control circuitry suitable to the par-
ticular application in which the apparatus 18 is employed.

After a given operational phase of the apparatus 19
is completed, the solenoids 156 and 174 may be energized
to rotationally shift the latching ring assemblies 132 and
178, whereupon ail of the previously latched pole pieces
48 and 62 are released and returned to their normal posi-
tions in-electrically contacting engagement with their cor-
responding contacts 36 and 58. Upon deenergization of
the solenoids 156 and 174, the latching ring assemblies
132 and 170 return to their normal positions under the
influence of springs 150, whereat they are readied for
latching any pole pieces 48 and 62 which may be actu-
ated during the next operational phase of the appara-
tus 1§.

It will be apparent to those skilled in the art that even
the basic form -of the apparatus 48 described above and
shown in Figs. 1-6 inclusive for -illustrative purposes; is
capable of performing quickly, simply and efficienily a
great variety of switching functions, many of which have
heretofore been considered to be both complex and diffi-
cult to accomplish with previously available means.

An idea of the scope of variations contemplated by
the invention as being of possible utility in connection
with special applications of the apparatus 16, may be had
from reference to the exemplary modifications shown in
Figs. 7-and 8. In these figures, parts numbered similarly
to those described above, will be understood to be iden-
tical to the latter, except as may be expressly noted.

Referring now specifically to Fig. 7, the annular mount-
ing member 32’ on plate 12, as well as its counterpart
56’ on plate 14, is formed in a number of layers of in-
sulating material in order to carry thereon in electrically
isolated condition, not only a main contact 36’ (or 5§8),
but also a first auxiliary contact 17 normally in engage-
ment with the contact 36’ and, if desired, a second auxil-
iary contact 27 normally out of engagement with the cor-
responding contact 36" but adapted to be conductively
engaged by the latter whenever the corresponding pole
piece 48 (or 62), is shifted to its actuated, Jatched posi-
tion. It may be noted in this respect, that the contacts

" 36’ and 58’ of this modification are preferably of resilient

character having a normal tendency to move into engage-
ment with the corresponding contacts 27, but adapted to
be swung away from the latter and into engagement with
the contact 17 under the biasing force of the correspond-
ing pole piece 48 and 62 when the latter are in their nor-
mal positions.

" The construction of Fig. 7 thus provides, in addition
to the switching functions available between each pole
piece 48 (or 62) and -its-corresponding contact- 36’ (or
58'), a further -switching -function involving -each..con-
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tact 36’ (or 58’) and its associated auxiliary, normally
closed contact 17 and auxiliary, normally open contact
27. Since each of the contacts 17 and 27 may be either
commoned, if desired, or separately connected by suitable
leads with particular circuit terminations or external con-
trol circuitry forming a part of the overall equipment,
it will be apparent that the modification of Fig. 7 greatly
expands the already considerable functional versatility
of the basic embodiment hereinbefore described.

Similarly, reference to Fig. 8 will demonstrate how
there may be associated with each pole piece 48 (and 62)
a multipole switching assembly generally designated 19,
in order to further increase the switching functions which
may be performed. For illustrative purposes, in Fig. 8
there is shown upon each insulating mounting member
32”" a double pole, dauble throw switching assembly 19
including a first resilient pole contact 29 having associated
therewith a normally closed contact 39 and a normally
open contact 49, and a second resilient pole contact 59
ganged with the pole contact 29 by insulative spacer
means 69 and having associateéd therewith a normally
closed contact 79 and a normally open contact 89, Fig,
8 also illustrates as a constructional feature, the provision
of an electrically insulative buffer 99 upon the contact
of assembly 19 that would otherwise normally be en-
gaged by the corresponding main pole piece 48 (or 62),
which may be desirable when all of the circuit termina-
tions to be coupled with the assembly 19 must be jsolated
from ground or the frame of the apparatus 10. An
alternate way of accomplishing such last-mentioned result
is also illustrated in Fig. 8 as involving the substitution
of insulating material in the mounting members 46’ (and
60”).

It is believed apparent from the structural variations
disclosed above, merely for illustration, that the advan-
tageous, basic principles and structural relationships of
the invention have broad applicability and that a number
of changes in certain details of construction could be
made from those disclosed herein as illustrative without
departing from the true spirit and intention of the inven-
tion. Accordingly, it is to be understod that the inven-
tion shall be construed as limited only by the fair scope
of the claims granted.

Having thus described the invention, what is claimed
as new and desired to be secured by Letters Patent is:

1. In electrical switching apparatus, a frame; a plural-
ity of switch assemblies on said frame each having a con-
tact and a pole piece adapted for shifting movement into
and out of engagement with the corresponding contact;
a switch actuating element; means mounting said element
on the frame for shifting movement along a path for dis-
posing said element successively in juxtaposition to dif-
ferent of said pole pieces and for shifting movement into
and out of operative engagement with any juxtaposed
pole piece for shifting the latter relative to its correspond-
ing contact; means for shifting said element along said
path; means for shifting said element into and out of
said operative engagement with the juxtaposed pole piece;
and means for latching in its shifted position a pole piece
shifted by the engagement of said element therewith,

2. Apparatus as set forth in claim 1, wherein said
latching means is shiftable to release a previously shifted
pole piece latched thereby, and there is provided means
for shifting said latching means.

3. Apparatus as set forth in claim 2, wherein said
latching means is common to a plurality of said pole
pieces, whereby said plurality of pole pieces may be
latched in their shifted positions by separate operations
of said element shifting means and then simultaneously
released from said shifted positions by a single operation
of said latching means shifting means.

4. Apparatus as set forth in claim 3, wherein said
contacts are mounted on said latching means for shifting
with the latter,
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5. Apparatus as set forth in claim 4, wherein each of 7§

10

said assemblies includes a second contact disposed to be
engaged by the corresponding pole piece whenever the
latter is released from its latched position.

6. In electrical switching apparatus, a frame; a plural-
ity of switch assembiies on said frame each having a con-
tact and a pole piece adapted for shifting movement into
and out of engagement with the corresponding contact; a
switch actuating element; means mounting said element
on the frame for shifting movement along a path for
disposing said element successively in juxtaposition to
different of said pole pieces and for shifting movement
into and out of operative engagement with any juxtaposed
pole piece for shifting the latter relative to its corre-
sponding contact; means for shifting said element along
said path; and means for shifting said element into and
out of said operative engagement with the juxtaposed pole
piece, said contacts being stationarily mounted on said
frame.

7. In electrical switching apparatus, a frame; a plural-
ity of switch assemblies on said frame each having a
contact and a pole piece adapted for shifting movement
into and out of engagement with the corresponding con-
tact; a switch actuating element; means mounting said
element on the frame for shifting movement along a path
for disposing said element successively in juxtaposition
to different of said pole pieces and for shifting movement
into and out of operative engagement with any juxta-
posed pole piece for shifting the latter relative to its cor-
responding contact; means for shifting said element along
said path; and means for shifting said element into
and out of said operative engagement with the juxtaposed
pole piece, each of said assemblies including an auxiliary
contact, said first-mentioned contact being biased to shift
into and out of engagement with said auxiliary contact
as said pole piece is moved into and out of engagement
with said first-mentioned contact,

8. In electrical switching apparatus, a frame; a plural-
ity of switch assemblies on said frame each having a con-
tact and a pole piece adapted for shifting movement into
and out of engagement with the corresponding contact;
a switch actuating element; means mounting said element
on the frame for shifting movement along a path for dis-
posing said element successively in juxtaposition to differ-
ent of said pole pieces and for shifting movement into
and out of operative engagement with any juxtaposed
pole piece for shifting the latter relative to its correspond-
ing contact; means for shifting said element along said
path; means for shifting said element into and out of said
operative engagement with the juxtaposed pole piece;
means for latching in their shifted positions any of a
plurality of pole pieces shifted by the engagement of said
element therewith; and means electrically commoning
said contacts corresponding with each of said plurality
of pole pieces.

9. In electrical switching apparatus, a frame; a plu-
rality of switch assemblies on said frame each having
a contact and a pole piece adapted for shifting movement
into and out of engagement with the corresponding con-
tact; a switch actuating element; means mounting said
element on the frame for shifting movement along a path
for disposing said element successively in juxtaposition
to different of said pole pieces and for shifting movement
into and out of operative engagement with any juxta-
posed pole piece for shifting the latter relative to its
corresponding contact; means for shifting said element
along said path; means for shifting said element into and
out of said operative engagement with the juxtaposed
pole piece; a plurality of switch mechanisms on said
frame each having a contact and a pole piece adapted for
shifting movement into and out of engagement with the
corresponding contact, the pole pieces of said mecha-
nisms being in spaced juxtaposition to the pole pieces
of corresponding assemblies, said path being between the
pole pieces of said mechanisms and the pole pieces of
said assemblies; and means for shifting said element into
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and ‘out of operative engagement with the pole piece of
a mechanism juxtaposed theréwith for shifting the latter
relative to its corresponding contact. . L

10. Tn electrical switching apparatus, a frame; a plu-
rality of switch assemblies “on said frame each having
a contact and a pole piece adapted for shifting movement
into and out of engagement with the corresponding ‘con-
tact; a switch actuating element; means mounting said
element on the frame for shifting movement aloag a
path for disposing said element successively in juxia-
position to different of said pole pieces and for shifting
movement into and out of operative engagement with any
jlixtaposed pole piece for shifting the latter relative to
its ‘corresponding contact; means for shifting said ele-
ment along said path; and mears for shifting said ele-
meént into and out of said opérative engagement with
the juxtaposed pole ‘piece, said assemblies being arranged
on the frame with their pole pieces normally disposed
within an annular, substantially plansr zone, said path
being annular, and said element being rotatably mounted
on the frame for traversing said path.

11. Apparatus as set forth in claim 10, wherein is
provided a plurality of switch mechanisms on said frame
each having a contact and a pole piece ‘adapted for shift-
ing movement into and out of engagement with the cor-
responding contact, the pole pieces of ssaid mechanisms
being normally disposed within an annular, substantially
planar zone in spaced juxtaposition to said zone. of dis-
position of the pole pieces of said assemblies, said path
being between said zones, there being means provided for
shifting said element into and -out of operative engage-
ment with the pole piece of ‘a mechanism juxtaposed
therewith for shifting the latter relative to its corre-
sponding contact. ‘

12. In electrical switching apparatus;'a main frame;

shaft means rotatably mounted on said main frame;

means for rotating said shaft mesns to selected rotational-

positions thereof; a plurality of resilient switch pole pieces
mountéd on-said main frame and arranged in a generally
annular seriés concentric with the axis of rotation' of
said shaft means; switch actuating means mounted -on
said shaft means for rotation with the latter, said -actu-
ating means including a shiftable element normally dis-
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posed in spuced juxtapGsition to a pole piece whose:
identity is determined by the position of rotation of said-.
shaft means; operating means operably coupled with
sdid -element for shifting the latter, along a path at an
angle to- its plane of revolution about said axis, into
and out of engagement with a juxtaposed pole piece for
moving the latter between a pair of positions thereof;
switch contact means; and means mounting said contact
means on said main frame in disposition for engagement
of said contact means by said pole pieces when the latter
are in one of szid positions thereof.

13. Apparatus as set forth in claim 12, wherein said
contact means are disposed for engagement by said pole
pieces only when the latter are in their normal position.

14. Apparatus as set forth in claim 12, wherein said
contact means are disposed for engagement by said pole
pieces only when the latter are in their shifted positions.

15. Apparatus as set forth in claim 12, wherein said
contact means include both contact parts disposed: for
éngagement by said pole pieces only when the latter are
in their normal ‘position, and contact structures  dis-
posed for engagement by said pole pieces only when the
latter are in their shifted position. - )
16, Apparatus as set forth in claim 12, wherein is
provided ‘an auxiliary frame; and latching means on said
auxiliary frame for latching said pole pieces in their
shifted position.

17. Apparatus as set forth in claim 16, wherein said
auxiliary frame is shiftably mounted on said main frame
to -render said latching means réleasable, and there is
provided means for shifting said auxiliary frame rela-
tive to said main frame. '

18. Apparatus as set forth in claim 16, wherein said
latching means includes eléctrically conductive means
serving as at least a part of said contact means.

19. Apparatus as set forth in claim 12, wherein said
operating means includes an electromagnetic device hav-
ing an armature operably coupled to said element.
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