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Application April 6, 1945, Serial No. 586,850
(ClL 318--15)
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1

. This invention relates, in general, to electric

switches, and has particular relation to improve- -

ments in switches for interrupting small high-
voltage currents. ]

While the particular switch which I shall de-
scribe hereinafter in connection with the draw-
ings is a high voltage switch adapted for use in
connection with microwave transmission lines
and in places where the switch is or may be sub-
ject to shock, vibration, high humidity and high

10

“temperature conditions, and other deleterious -

‘conditions, it is to be understood that the inven-

tion is not limited to such use but may be em-
‘ployed for other purposes and under other con-
-ditions, as suitable and desired.

The problem of interrupting small high-voltage
currents under the conditions which the switch
of my present invention is particularly adapted
to withstand has not, prior to my invention, been
met satistactorily. Prior switches of which Iam
aware have not been shock-proof with respect to
-mechanical strength, nor have they had the abil-
ity to operate unhampered while- subjected to
shock of ‘specified direction and intensity. They
have also been unable to withstand the vibration
which the switch of my present invention is able
to withstand, particularly in combination with
‘shock, without undue wear, rattle, misalignment,
or interference with mechanical operation.

Prior switches have likewise not approached

the switch of my present invention in simplicity
and compactness, nor have they had in combi~
nation with the other features positive and quick
break actions suitable for use, particularly under
the conditions which the switch of my present in-
vention is adapted to withstand. ‘ )
I am aware of prior rotary type tap ‘changing
switches employing so-called Geneva gear drives
for use with step voltage regulators. - The drive
‘mechanisms of such switches do not operate di-
rectly from the motor shaft, nor do they have
the shock-proof and vibration-proof character-
istics as provided in the switch of the present
invention, particularly during the switching op-
erations. Instead, the prior switches above men-
tioned employ gear trains and other mechanism
which-preclude the advantages which the switch
of the present invention provides. Moreover,
these prior switches are not simple and compact
in .construction, and could not be installed where
space is very limited.

One of the main objects of the present inven-
tién is to provide a switch of the character de-

seribed having various features of novelty andad-

vantages.
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Another object of the invention is to provide a
switeh which is simple and compact in construc-
tion so that it may be installed, for example, with
other equipment in a cabinet where space is very
limited. )

Another object of the invention is to provide

a switch which will withstand shock with respect

to mechanical strength and operate unhampered
while subjected to shock of specified direction and
intensity.

Another object of the invention is to provide
s switch which will withstand vibration over a
wide range, in eombination with shock, without
undue wear, rattle, misalignment or interference
with mechanical operation.

Another object of the invention is to provide
in a switch of the class described a quick break
action secured simply and directly from the motor
shaft or other rotary operating means to faecili-
tate interruption of the high voltage circuit, and,
more particularly, a high speed drive which pro-
vides quick break operation of conventional aux-
iliary switch contacts.

Another object of the invention is to provide
a switch of the class described which is operable
effectively under conditions of high humidity and
high temperature; also where the atmosphere is
salty, and under other deleterious conditions.

Another object of the invention is to provide
improved mechanism for operating the switch,
for example, from a high speed reversible motor
of high starting torque, whereby the motor is per-
mhitted to gain speed before engaging the switch

. rotor to open the high voltage contacts, maxi-
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‘fiywheel and stop arranged

mum mechanical advantage is obtained to sepa-
rate the wiping high voltage contacts, and quick
opening is provided upon separation of the con-
tacts; -also quick closing.

Another object of the invention is to provide
4 substantially balanced strong assembly driven
by a motor or other reversible rotary operating
means with a flywheel, which makes the entire
assembly substantially balanced to resist linear
shock without pronounced interference with the
operation of the switch assembly.

Another object of the invention is to provide
a switch operating mechanism with a 1ost motion
to dissipate the excess
energy at the end of an operation through im-
pact, for example, first between a stop member
secured to the armature and a cooperating stop
member, and then between the first mentioned
stop member and the lost motion flywheel as the
direction of the former is reversed; also a control
of the low voltage auxiliary switch by a cam face
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on the flywheel to provide time in this positive
manner for operation of the contactors to inter-
rupt the main load before the high voltage con-
tacts are separated.

Another object of the invention is to provide
in one replaceable assembly a quick-break high-
voltage switch for interruption of small high volt-
age currents complete with electrical remotely
controlled cperating ‘mechanism, - including posi-
tion indicating switches and limit switches.

Another object of the invention is to provide

10

in a switeh of the class described leakage-proof -

high-voltage insulation obtained by the use, for
example, of porcelain insulators having leakage
distance equal to approximately twice-the striking
distance through air between :live parts - of -the
swifch, or between live parts and grounded. parts.

Another object of the invention is"to provide
for securing the features and advantages set-forth
in a single pole, double throw selector switch,
or in a two pole, single throw, double break switch
or other form of switch.

Another object of the invention is to provide-a
switch of the class described having the features
and advantages set forth, and which is effective
in use, economical.in manufacture, and adapted
-for application. in a wide range of installations.

Another object of the invention is to provide an
‘improved pole arrangement and movable contact
assembly for a single pole, double throw :selector
-switch; also an improved -pole -arrangement and
-movable .contacs assembly for. a .two pole, -single
throw, double break switch.

Other objects and advantages of the invention
will appear from the following detailed .descrip-
-tion, taken in connection. with the-accompanying
-drawings in which:

Figure 1 is a front elevational view of a switch
embodying the present invention;

-Figure 2 is a bottom plan view-of the .switch
shown in Figure 1;

-Figure 3 is a top plan view of. the switch shown
in Figure 1, with the housing for the switch Op-
-erating mechanism removed:

-Figure 4 is a fragmentary sectional view taken
:Substantially on the line 4—4§ of Figure 3;

Figure 5 is a fragmentary detailed view, par-
tially in section, of the operating disc-assembly;

:Figure: 6 is a detailed elevational view of the
drinving hub for the rotating . insulator base,
-showing the auxiliary - switch operating rollers
carried by this hub; and .

‘Figure 7 is a-wiring diagram for.the sSwitch
shown in Figures -1 to 6, inelusive,

-Referring now to the drawings, the switch ;

shown in Figures 1 to 17, . inclusive, comprises,
-n -general, a driving motor "M, main switch
mechanism 8-—2, and drive mechanism D for
operating the switch directly : from the motor

-shaft in the improved manner and with the ad-
“vantageous results ‘which will herein appear.

In the particular embodiment of the inven-

tion selected for- illustration, the motor ‘M is a

‘115-volt '60-cycle “split series wound reversible
ball-bearing motor, with -the windings “having
an anodized black and tropicalized finish, but
‘this, of ‘course, may vary.

The- embodiment of the invention illustrated
-in Figures 1 to 7 comprises a base plate 10 formed,
-for-example, of steel, suitably enameled. A hous-
:ing 11, also formed, for example, of steel, suit-

ably- enameled, - is' mounted on one side of the
-base plate 10 and: secured thereto, for example,
“by screws 12,

-The driving motor M is enclosed ‘within a: suit-

4

able housing and secured by screws 13 to a motor
mounting plate (4. The plate 14 is supported
within the housing 1i and in spaced relation

to the plate 18 by posts 15. Studs 16 extend
through the base plate 10, posts 15 and plate 14,
and have nuts {71 screwed on the ends thereof,
preferably with underlying lock washers for se-
curing the motor in place on the base plate 10
with its inner-end disposed within the housing
I1-and its outer end extending outside the hous-
ing. ‘The brushes for the motor, where used,

‘are preferably located outside the housing 11

.where they will be conveniently accessible.

15

"The ‘main shaft, indicated at 18, is threaded

-at49 between its ends, and has a polygonal flange

20 by means of “which the threaded portion 19
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‘tion -or other suitable material,
-and-86 are spaced from each other by spacers 37,

is.screwed into the base plate 10 until the flange

‘20 abuts the outer side of the base plate 10,

with the outer end of the shaft (8 extending
outwardly from the base plate 10 and the inner

-end of the shaft disposed within the housing

if. -A pin-21 is engaged in the flange 20 and in
the base plate {0.for locking the shaft 18 in place.

A rotating insulator base 22, which may be in
the ‘form of a-brass -casting suitably enameled,
is journaled to turn on the outer end of the shaft

-18. Hardened stainless. steel bearing sleeves 23
-are-preferably interposed between the insulator

base-22 and the-shaft 18 which is non-hardened

-Stainless steel, although, of course, these details

and -the materials employed may vary widely
within the scope of the present invention. A nut
24, screwed on the. outer end of the shaft. {8 and
preferably provided with a.lock washer 25, se-
cures the insulator-base 22 against outward axial
displacement from the shaft (8. Washers. 26, of

-Bakelite or other suitable material, are preferably

interposed between the inner end of the base
22 and the flange. 20, and between ‘the outer end
of the base .22 and . the .lock washer underlying

-the nut 24.

The inner end of the shaft 18 has.a driving

-hub-27 journaled for. rotation thereon within the
-housing :11. ‘The hub.2T1. has, atits upper end
45 .

as the device.is viewed .in.Figure 4, an integral
flange 28, and, at its. lower or opposite end, an
integral :flange 29. A coupling pin 30 secured
in the insulator base 22 extends through an open-

‘ing 31 in the base plate 10 and, within the hous-
ing i1, engages relatively tightly in a notch 32
in the flange -29.
-Is 'shown as being split at 30’ to provide the

The upper end of the pin 30

desired tightness of engagement of the flattened
sides of the upper end of the pin with the sides
of the notch 32. The coupling pin 30 serves.to
rotate or turn the insulator base about the outer
end of the shaft 18 upon rotating or turning
the hub 27 about the inner end of the shaft, as

-will hereinafter appear.

A pair of diametrically -opposite shafts 33 and

34 (Figure 6) for  auxiliary switch operating

rollers -extend between and are carried at op-
posite ends by the flanges 28 and 29 of the hub

-21. -Fach shaft 83 and 34 carries a Ppair of rollers

35 and 36 formed, for example, of molded insula-
The rollers 35

and from the flanges 28 and 29 by spacers 38.

‘These spacers 3T and 38 may be formed, for ex-
-ample of . stainless steel or other suitable ma-

terial.
For the purpose of imparting rotary or burning

-movement to the hub 27 and thereby to the.in-
-sulating  base 22 alternately ‘in- opposite direc-

tions and directly from the shaft 39 of the motor
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‘M, a_key disc 40 is secured-in eccentric rela-
tion on the adjacent flange 28 by screws.41, pref-
erably with lock washers, as illustrated in the
drawings. The disc 40, which is disposed with-
in the housing 1, has a generally radially extend-
ing and peripherally opening slot 43 and a pair
of arcuate peripheral concavities 44 and 45, one
on each of the opposite sides of the slot 43. .
. An operating disc 46 is loose on the motor shaft
38, and is disposed within the housing 11 in posi-
tion underlying the adjacent portion of the dise
49, "An operating arm or lever 47 is fixed on the
motor shaft 39 in position overlying the adjacent
portion of the disc 40. One end of the arm 47
has a notch or slot 48 into which the adjacent
end of a driving stud 49 extends. The stud 48
is secured, at its lower end, in the operative dise
46 to rotate this disc by movement of the stud,
as will hereinafter appear. A roller 50, mounted
on the stud 49 between the disc 46 and arm 47,
is adapted to enter the slot 43 in the disc 40 to
impart rotation in opposite directions to the disc
40 upon rotation of the motor shaft 39 in oppo-
sition directions, as will hereinafter appear.
~ A lock dise 51 on the motor shaft 39 engages in
one or the other of the concavities 44 and 45 in
the periphery of the disc 40. The off-center or
eccentric positioning of the disc 40 relative to the
axis of the hub 27 with the other features set
forth provides a substantially balanced strong as-
sembly which operates directly from the shaft of
the motor M or other reversible rotary operating
means, and the relatively heavy disc 46 functions
as a flywheel for the motor M or other reversible
rotary operating means. The switch is shock-
proof with respect to mechanical strength and
has the ability to operate unhampered while sub-
jected to shock of specified direction and intensity.
It will also withstand vibration, particularly in
the range of 0 to 2500 cycles per second, in com-~
bination with shock without undue wear, rattle,
misalignment or interference with mechanical
operation. The lock disc 51 is formed at 52’ to
permit rotation of the disc 40 relative thereto in
the operation of the switch.

As shown in detail in Figure 5, the lock disc 51
has a portion thereof fitting within the operating
disc 46 for rotation relative to the disc 46, which,
as previously mentioned, is relatively heavy, to
serve as a flywheel for the motor. An integral
hub on the lock disc 51 extends downwardly into
an integral hub on the operating dise for rotation
relative thereto. The hub on the lock disc 51 is
fixed, for example, by a pin 51’ to the motor
shaft 39 for rotation therewith. The operating
arm or lever 47 is fixed to the motor shaft 39, for
example, by screwing the threaded shank 59’ of
the anchor stud 59, which passes through the
arm 417, into the upwardly extending portion of
the lock disc 51. A cupped spring disc 51’/ urges
the disc 46 yieldingly upwardly to hold same in
relatively tight cooperation with the lock dise 51,
as shown in Figure 6.

Lock dise 51 is preferably formed of hardened
stainless steel, and the key disc 42, against which
it operates, is preferably formed of non-hardened
stainless steel. The roller 59 is preferably formed
of hardened stainless steel for operation against
the non-hardened stainless steel disc 40. These
features may, of course, vary within the scope
of the present invention.

The opposite end of the arm 47 has concavities
52 for cooperation with a stop pin 53 carried by
the disc 40. A spring bracket 54 is secured be-
neath the nut 55 screwed on the adjacent end of
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6 .
the shaft 18:and, at 56, to the housing {f. Two
helical springs 57, 58, formed,.  for example, of
stainless steel spring wire, are anchored or con-
nected in spaced relation at 60’, 60’, respectively,
to raised or offset portions of the bracket 54. The
springs 57 and 58 converge toward their opposite
ends and are anchored or connected to the anchor
stud 59.

The lost motion connection between the cam
face flywheel or disc 46 and the operating arm 41
through the stud and notch driving connection at
49; 48 leaves the armature of the motor and the
flywheel as unrestrained as possible, and the heli-
cal springs free and unhampered, to bring the
cam face fiywheel into proper alignment. As will
hereinafter more fully appear, excess energy at
the end of an operation is dissipated through im-
pact, first, between the stop bar or arm 47 secured
to the armature and the stop pin 53, and then,
between the stop bar and the lost motion flywheel
as the direction of the former is reversed. A
series of impacts may result.

The action just described results in a rebound
which is limited mainly by the angle of lost mo-
tion (usually:limited to about one-half of. this
angle, -or less), and which is practically inde-
pendent of the resilient properties of the various
parts as.well as the speed of the armature assem-
bly at the time when the main switching action
has been completed. This permits the use of a
motor with ample torque and operation direct
from the motor shaft to secure positive operation
under adverse conditions, particularly adverse
conditions of the character previously set forth.
The drive mechanism of this embodiment of the
present invention avoids oscillation and over-
swinging of the flywheel at the end of an opera-
tion such as would result if the fiywheel were
rigidly attached to the motor shaft and would
cause the auxiliary switch S—I, to be next de-
scribed, to open and close repeatedly before com-
ing to rest with an objectionable opening and
closing of the circuit controlled by this auxiliary
switeh. ) ]

If, for example, the auxiliary switch S—I{ is
omitted, the flywheel 45 may be attached di-
rectly to the shaft of the motor M and the lost
motion connection, as above described, may he
omitted. )

In the illustrated embodiment of the invention,
the auxiliary switch S—I1 is a low voltage switch
which opens approximately two cycles before the
high voltage contacts separate, to initiate, for
example, the interruption of a low. voltage cir-
cuit by means of a contactor. The switch S--{
comprises a pair of contact springs 66 and 6f, in-
sulated from each other at one end and having
insulated support on a mounting bracket 62
mounted on the base plate 10. The free ends of
the contact spring 6§08 and 61 have cooperating
contacts 63 and 64, respectively. Secured, for
example, to the spring 60 is a roller bracket 65
which carries a pin 6% on which a roller 67 is
free to turn. '

The roller 67 cooperates with the cam face
periphery of the flywheel or disc 46. It may be
formed of Bakelite or otherwise insulated from
the other parts of the switch. The high portion
68 of the peripheral cam face, by cooperation
with the roller 67, closes the contacts 63 and 64
and holds them closed. The low portion 69 of the
cam face at the ends of the high portion 68 re-
leases the switch closing action on the roller
67 and permits the spring 69 o spring away from
the spring 61, thus separating the contact 63
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from the:contact 64 and opemng the -auxiliary
‘eireuit.-
It is:to be undelstood that the auxiliary: switch
S—I,-and any of the other auxiliary switches,
‘may be modified to open auxiliary circuits in-

stead: of operating to . close .the same as herein:

‘described.

In the illustrated embodiment of the inven-
tion the total operating time from one position
of :the main switch to another is approximately
:six:cycles.. To provide the time element of two
cycles for opening of the auxiliary switch S—I
before the high voltage contacts separate, the an-~
:gular width of the cam face is limited substan-
‘tially as illustrated.

The main switch S—2, illustrated in Figures 1
to6, inclusive, is a single-pole double-throw se-
dector switch. It is to be understood, however,
that the present invention, in its broader aspects,
‘may be embodied in switches of the two-pole,
single. throw, double break type, and in-switches
of other types and for use for other purposes and
under. other conditions than those herein set
forth.

.The switch S—2 comprises a pair of stationary
contams 72 and 73, a third stationary contact
74,-and a movable contact assembly 5. The
contacts 12-and 73, formed, for example, of red
brass silver~-plated, are generally U-shaped in
form and: have inner legs secured, for example,
by screws 18 to insulator ferrules 78 which may
be iin-the form of silver-plated brass castings
fixedly: mounted on the cuter ends of porcelain
insulators -:79. Similar insulator ferrules 889,
which likewise may be in the form of silver-
plated brass castings, are fixedly mounted on
the inner ends of the insulators 78. The inner
insulator ferrules 88 are secured, for example,
by screws 8{ to the outer side of the base plate
i0. The outer contact making and breaking legs
of the contacts 72 and 138 are maintained in par-
allel spaced relation with respect to the inner
legs of the contacts by struts or spacers 82 in-
terposed therebetween and secured in place, for
example, by hollow rivets. The struts or spacers
82. may be. formed of silver-plated rolled brass
or. other suitable material.

‘The third: stationary contact 14 is of a form
similar to the contacts 72 and 13. Its inner leg
is.secured by screws 83 to an insulator ferrule 84
fixedly mounted on the outer end of a porcelain
insulator - 85. - A . similar ferrule 86 is fixedly
mounzed on the inner end of the insulator 85 and
'seculed by. screws -87 .to ‘the outer side of the

base plate {8. “The outer contact leg of the con- :

taet 74 is. longer than the corresponding legs. of
the. contacts 72 and. 13, for reasons which will
prﬂsenﬂy appear.

The.movable main contact assembly. comprises
a. pair of spaced outer contact guards or bars.89
which may be formed, for .example, of silver-
plated  phosphor bronze spring tempered. .The
guards 99 are spaced by spacers. 81 and secured
together as a unitary assembly, for example, by
hollow rivets: 82, Threaded studs or-screws:93
pass-through the guards 99, spacers 91 and rivets
92 and are screwed into integral lugs on the ad-
jacent insulator-ferrule 84 to secure one end cf
the .movable  contact assembly fixedly on the
ferrule 84. 'The ferrule 84 is fixedly mounted
on the outer end of a porcelain. insulator 95. A
similar. ferrule 45 s fixedly mounted on the inner
end of the insulator 95 -and secured by screws
97 .to -a laterally extending integral arm-98 on
the rotating. insulator base 22. .

‘tween live parts and grounded parts.

8

‘The-procelain insulators, which are preferably

formed of wet process porcelain, provide a high
-voltage leakage-proof insulation. The porcelain
-insulators preferably have leakage distances

equal to approximately twice the striking. dis~
tance through air between the live parts, or he-
By mak-

~ ing the insulators of porcelain.of the character
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described. I avoid carbonization such  as would
tend to occur if the insulators were: made of
Bakelite and other organic materials. :

Contact springs . 108 are mounted in spaced re-
lation intermediate:their ends between the guard
bars 90.by spacers 101 and a hollow rivet i0Z.
The twin: fingers thus presented at one end of
the contact springs 188 are held under self-
compression and have constant wiping contact
with the contact leg of the contact 74. The twin
fingers at the opposite end of the coritact springs
{08 are held under self-compression, and move
over and from the contact fingers of the.con-
tacts 72 and 73 with a strong spring- w1p1ng ac-
tion in the operation of the switch.

When the rotating insulator base 22 is rotated
in a clockwise direction as viewed in Figure 2,
through the driving mechanism desecribed by the

eccentric engagement of the coupling pin 30 in

the base 22, the movable contact assembly is ro-
tated from the full line position (Figure 2), con-
necting the contacts 72 and 74, to the dotted line
position connecting the contacts 73 and 74. 'Con-
versely, when the base 22 is rotated in a counter-
clockwise direction (Figure 2) from the position
in which the movable contact assembly is in its
dotted line position, the movable contact assem-
bly is rotated from the dotted line position con-
necting the contacts 73 and 74 to the full line
position connecting the contacts 72 and 74. The
stationary contacts 72, 73, and 74 have tapped
holes 105 for connecting thereto the terminals
of ‘the eonductors of the main circuit in- whlch
the switch- is connected.

“The length of the movable main contact as-
sembly 15 from the axis of the shaft {8 to the
outer free end of the movable contact assembly
is greater than the length of the movable:-assem-
bly 75 from the axis of the shaft {8 to the mount-
ed end of the movable main contact assembly.
This provides an overhang which, with the over-
hang of the disc 48 and the other features, pro-
vides a unit which is substantially dynamically
bhalanced.

Mounted on the base plate 10 to the left of the
hub 27, as the switch is viewed in Figure 4, is an
auxiliary switch mounting bracket 108. This
bracket (08 supports, in insulated relation, the
contact springs of a pair of upper auxiliary
switches S—3, S—3, and the contact springs of a
pair of motor limit switches {89, one-motor limit
switch 189 being positioned beneath each of the
upper -auxiliary switches S—3. The bracket 108
is secured in place on the base plate {0, for ex-
ample, by screws |0 which are preferably pro-
vided with lock washers.

Each switch S—3 comprises a pair of contact
springs {12,-1{3 extending generally horizontally
from the bracket 108 toward and in the horizontal
plane of the upper rollers 38 carried by the hub
27 as the switch is viewed in Figure 4. The
springs 112, 113 have contacts |14 near their free
ends which are normally separated or held in
open circuit position.and are returned to such
position by the inherent resilience of the springs
112,:113. 'The free ends of the inner springs 112

“have -angular ends 115 which .are_ positioned. to
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be ehgaged by the rollers 35in the rotation of

the'hub 21 alternately in opp051te directions. En- -

gagement of one roller 35 with the -angular end
115 of the spring 112 of one switch S—3 closes
the contacts 114 of this switch. - Engagement of
the -other roller 36 with the angular end 115 of
the spring 112 of the other switch S—3 closes the
contacts 114 of this switch. Upon release of the
rollers 35 from their auxiliary switch closing en-
gagement with the angular ends of the respective
springs 112 the auxiliary switches S—3 are opened
by the inherent resilience of the spring contacts.

"Each motor limit switch 109 comprises a pair
of contact springs 118, 119 which extend generally
horizontally from the bracket {08.toward and in
the horizontal plane of the lower rollers 36. The
springs 118, 119 have coritacts which are normally
separated and held in open circuit position, and
are returned to such pos1t10n by the inherent
resilience of the springs. The free ends of the
inner springs (18 have angular ends 120 which

are positioned to be engagéd by-the rollers 36 in .
the rotation of the hub 21 alternately in opposite

directions. Engagement of one roller 36 with
the angular end 120 of the spring 118 of one of

the motor limit switches closes the contacts of

this switch. Engagement of the other roller
36 with the angular end 128 of the spring {8 of

the other motor limit switch closes the contacts:

of this switch. TUpon release of .the. rollers 36
from the auxiliary switch closing engagement
with the angular ends of the respective springs
118, the motor limit switches 109-are opened by
the inherent resilience of the spring contacts.
Mounted upon the bottom of the base plate 10

is- a terminal block 1 22 having: eight terminals -

5i

, 10 .

minals 142, 147, and 148 of the motor assembly
143 are carried by the terminal block 152 mounted
upon the top of the base plate 10 near the upper
right hand corner of the base plate as it is v1ewed
in -Figure 3. :

-As shown more or less diagrammatically in
the wiring diagram (Figure 7), the contact spring
60 of- the auxiliary switch S—I is connected fo

...a-terminal {52 which is connected by a condue-

10°

“tor 153 to the terminal 154 of a terminal as-
sembly [55. The other contact spring €1 of the
auxiliary switch S—I is connected to a terminal’
156 which is connected by a conductor 151 to

., & terminal (58 of the terminal assembly 155.
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123, 124, §25, 126, 127, (28, 129, and 130.. Asshown
in the wiring diagram (Figure.7), the contact -

spring 113 of one auxiliary:switch S—3 is.con--

nected to the terminal 123 which is connected
by a conductor [3f to the terminal {29 of the

‘The terminals 154 and 158 of the terminal as-

sembly may be carried by a terminal bloek which
may be mounted upon the base plate 18 or other~
wise:as desired.

" A spare brush container 160, mounted on the
‘bottom of the base plate 10, for example as shown
in Figure 2, carries one or more pairs of spare
brushes-and brush caps for thée motor M. ]

With' the movable contact assembly 15 of the

_main switch in position connecting the stationary
“contacts 12 and 74 as shown in Figures 2 and 7,

the operation of the switch shown in Figures 1
to 7, inclusive, follows the following sequence.
The circuit for the motor M is closed, for ex-
ample from remote position to rotate the motor:
“shaft 39 in a clockwise direction from the posi-
tion as viewed in Figure 3. The motor shaft 39
operating directly through the pin connection 51’
(Figure 5), lock disc 51, and anchor stud 59, ro-
tates the operating arm 471 in a clockwise direc-
Stion with the motor shaft- 39. Upon taking up
the 10st motion between the slot 48 and the driv-
ing stud 48, the arm 47 at the upper end of the
slot 48 ‘(Figure3) engages the stud 49 and turns
the operating disc 46 in a clockwise direction w1th :

40 the motor shaft 39.

other auxiliary switch 8—3. The contact spring ..
{12 of this ofher auxiliary switch S—3 is con- -

nected to the terminal 129 which is connected
by.a conductor 132 to the -terminal 133 of a ter-
minal assembly S—3. The other contact spring
112 of the first mentioned auxiliary switch S—3
is connected to the terminal 124 which is con-

45

nected by a conductor 134 to the terminal 135 of .

the terminal assembly S—3. The other contact
spring {13 of the other auxiliary switch S—3 is
connected to the terminal {30 which is connected
by a conductor 136 to the third terminal {37 of
the terminal assembly S—3.

The contact spring 118 of one motor limit
switch 109 is connected to the terminal 125 which
is connected by a conductor {38 to the terminal
138 of the motor terminal assembly (40.  The
other contact spring 118 of the switch 109 is con~
nected to the terminal 126 which is connected
by a conductor 141 to the terminal 142 of the
motor terminal assembly ' i143. The contact spring
1i8 of the other motor limit switch (09 is con-
nected to the terminal 127 -which is connected
by. a conductor {44 to_ the terminal 45 of. the
motor terminal assembly 140.. ‘The other contact

spring 119 of the last meéntioned motor limit.

switch 109-is connected to the terminal 128 which

is .connected by a conductor (46 to the terminal

147 -of the motor terminal assembly 143. The
terminal {48; of the motor-terminal assembly 143

50°

56

60

70

is connected by a conductor.:149 to the termmal

150 of.the motor terminal:assembly 140,

The ‘motor: terminals 139, {45, and {50 of the..

motor terminal-assembly-;l4,0,:and the motor. ter=

75

As the stud 49 rotates in a clockwise dlrec-
tion‘with the disc 46, the roller 50 on the stud
49: enters the'slot 43 in the disc 48 with maxi-
mum mechanical advantage, and rotates the disc
40 in a counterclockwise direction (Figure 3).
This counterclockwise rotation of the disc 40
rotates the attached or connected hub 27 in the
same direction. Rotation of the hub 27 operates’
directly ‘through the coupling pin 30, and the
lateral flange ‘of the insulator base 22, to rotate:
the base 22 about the axis of the main shaft (8-
in a direction fo swing the insulator 95 and the
movable contact assembly 15 from the position
connecting the contacts 72 and- 74, as shown in
Figures 2 and-7, to the dotted line position, dis<
connecting the contacts 712 and 74 and con-
necting the contacts 74 and 13,

It-will be notéd that the movable contact as-
sembly- 15, and particularly the contact springs -
100 thereof, have a firm spring wiping contact
with the contact flange of the contact 14 at
all times, and that the opposite ends of the con-
tact springs 100 move alternately into and out

of ﬁrm sprmg ‘Wiping contact with the contacts
65"

12 and-13 as the movable contact assembly 75
is ‘swurig alternately- in opposite directions by
the reversible motor M or other suitable rotary -
driving -or operating means.

It will also be noted that there is no appre- -
ciable load on-the motor in starting. Until thé
roller 50 enters into’ driving -engagement with
the disc40 ‘through’ the slot 43 the motor is per- -
mitted freely to gain speed or accelerate. Then *

as the roller 50 ‘enters the slot 43 and into dr1v-",”'. ‘

ing engagement with the disc 40, it does so with =
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maximum mechanical advantage to break: the.

static friction, whereupon the speed. is accelerat-
ed to-move the movable contact assembly guickly
from one position -to the other. Likewise, quick
movement in the opposite direction is provided.
The roller 58 also leaves.the slot 43 with maxi-
mum mechanical advantage.

The limit switeh 189, which is operative in the-

direction of operation being described, opens at

the point where the roller §8 leaves the slot 43

to cut the power to the motor M. This is ac-

complished by movement. of the. corresponding:-

roller 38 out of engagement with the correspond-
ing contact spring {18 to permit the limit switch
to.open by the resilience of the spring 118: The
switch rotor is attempting to return energy to the

motor, and the helical springs 57 serve to bring.

the driving arm 47, and thereby the flywheel 4§
with its pin 48, to predetermined.locking: posi-
tion substantially as shown in Figure 3; and to
maintain such position.

The switch described will withstand shock: with-

respect to mechanical strength and operate un-

hampered while subjected to shock of specified:

direction and intensity. It will also withstand
vibration in the range of 0 to 2500 cycles per sec-
ond, in combination with shock, without undue
wear, rattle, misalignment, or interference with
mechanical operation. ‘These conditions are-met
by the rigid mounting of the contfacts, the ab-
sence of loose linkages, loose couplings, gear trains

and the like, the provision of a- direct. simple.

drive, the balanced arrangement and the. positive

spring restrained self-alighing lock which secures:

the switch in alignment in. each position.
The particular switch mechanism described

provides a unitary assembly containing a single-

pole, double-throw selector switch.in combina-

tion. with quick break auxiliary switches which:
operate in positive sequence. “As already pointed'

out and as will hereinafter-appear, it is-to-be un-
derstood, however, that the present invention,

in its broader aspects; may be. embodied in.

switches of the two pole, single-throw, double-
break type and in switches of other types.

In the illustrated embodiment of the invention,
the low voltage switch S—I, conftrolled: by the.
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cam face of the disc or flywheel 48, opens, as..

previously stated, approximately two cycles. be=

fore the high voltage contacts separate, to initiate:

the interruption of a low voltage circuit by means
of.a.contactor. This opening of the switch S—I
is accomplished by movement.of the low portion
69 at one or the other of the:ends-of the high
portion .68 of the cam. face of the flywheel, de-

pending upon the direction of rotation into posi--

tion adjacent the roller 67. When either of the:
low portions 69 of the cam face: is: positioned
adjacent the roller 67, the closing operation of
the high cam portion 68 is released.and the con-
taet spring 88 snaps to open position to open the
switch S—I. The time element above referred
to is provided by limiting the angular width of
the cam face of the flywheel, so that the desired
time elapses after opening of the auxiliary switch
S—1{ before opening of the high. voltage switch
s—2.
face of the flywheel can be reduced, the greater
the time available between functioning of the
two switches. With the present. invention, the
only limitation on the amount the angular width
of the cam face of the fiywheel can be reduced
is the oscillation of the flywheel at the end of

each switching cycle, which is effectively limited-

by the lost motion impact stop arrangement..

60-

65-

60-
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The more the angular width of the cam -

70-
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The.: operation . in: the. opposite. direction. is:
obtained by reversing the.motor.M or other rotary.
driving .or. operating: means, and follows, for.the.
reverse operation,.the. sequence above described.

~ The auxiliary switches. S-—3.are operated.-by the

rollers .35. on the.hub 21. Upon. operation. in one
direction, one switch .S—3. is.closed by oneof.the-
rollers. 85, and upon operation.in. the opposite.
direction. this.switch.S—a3 is. released and- snaps
to open position, and. the other: switch S—3 is
closed. ]

Referring to the wiring.diagram (Figure 7), the.
operating . sequence. of the. main.and auzxiliary
switches.is.as follows:

(1) S—I1 opens;

(2)* 8—2 opens from one position;

(3) 8—3 opens'from one position;.;
(4)- S—3 closes-in opposite- position;
(5)' 8—2 closes*in- opposite position;.
(6) S—I1 closes in original:position.

The wiring diagram shows. the: position .of the:
switches after the:terminals. (47, 148 have been
energized and: the:switching cycle is completed:-

The: switching:arrangement.of the. present in-
vention. may be modified to include several
notches 43 with their associated concavities 44
and 45, to provide for stepped operation.of multi-
position switches. selective: as to their direction-
and choice of position.:

The.switch of .the present invention is:capable
of  intermittent operation without lubrication:

‘The. embodiments of the invention shown in
the drawings.are: for- illustrative purposes- only,
and it.is to be. expressly- understood that said
drawings and the accompanying specification are:
not to:-be-construed’as a-definition of: the limits
or seope of the invention, reference-being had: :
to the appended claims for-that purpose. ’
I-claim; -
1. An operating mechanism for a-device; such-
as a-switch,; having a member:to He.moved:-from
one: position to another: comprising, in combina~
tion, a reversible driving motor, an operating disc-

Y:loose-on the motor shaft, an operating arm fixed

on the:motor shaft:and having:a-notch:in one end:
thereof, .a. driving. stud: carried-by- the operating
dise’'and extending into said notch for lost.motion. -
driving connection: between said.arm and said-
disc,. a. key dise mounted -to: turn about: an- axis-
parallel: with. and’ spaced laterally. of the axis:
of:the motor:shaft; a roller on:said:driving. stud;
said key disc having a slot which said-roller-is:
adapted to enter and- leave with maximum

‘mechanicaliadvantage to: turn-the key dise, and

a drive connection between -said-key disc and.said:
movable: member:for ‘moving said:movable mem=- -
ber: from. one:position: to: another:

2. An.operating. mechanism for a.device, such-
as. & .switch; having a member-to-be moved from:
one position to:another:comprising, in.combina--
tion, a reversible driving-motor, an-operating disc:. -
loose on: the motor.shaft;.an operating. arm fixed: .
on-the: motor shaft. and having: a noteh:in- one:

-end thereof, a driving stud: carried by the operat-

ing: disc. and! extending: into: said notch for lost:
motion driving connection between: said arm and.
said disc, a key: dise mounted. to- turn: about.an:
axis;parallel withiand spaced laterally of the axis
of thie motor shaft; a:roller:on said: driving stud,
said key disc having a.slot:which said roller: is:

adapted::to--enter: and: leave . with' maximum =
mechanical advantage: to: turn:the key: disc, a.
drive connection: between .said key- dise - and said

“movable.member for:moving:said movable mems=-
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ber from one position to another, an anchor stud
on said operating arm, a spring bracket, and a
pair of helical springs anchored at one end to
said bracket in spaced relation and converging
toward the opposite ends and anchored to said
stud.

3. An operating mechanism for a device, such
as a switch, having a member to be moved from
one position to another comprising, in combina-
tion, a reversible driving motor, an operating
dise loose on the motor shaft, an operating arm
fixed on the motor shaft and having a notch in
one end thereof, a driving stud carried by the
operating disc and extending into said notch for
lost motion driving connection between said arm
and said disc, a key dise mounted to turn about
an axis parallel with and spaced laterally of the
axis of the motor shaft, a roller on said driving
stud, said key disc having a slot which said roller
is adapted to enter and leave with maximum
mechanical advantage to furn the key dise, a
drive connection between said key disc and said
movable member for moving said movable
member from one position to another, and a stop
pin on said key disc for cooperation with said
operating arm whereby excess energy at the end
of an operation is dissipated through impact first
between said arm and said pin and then between
the arm and the lost motion disc as the direction
of the former is reversed.

4. An operating mechanism for a device, such
as a switch, having a member to be moved from
one position to another comprising, in com-
bination, a reversible driving motor, an opserating
disc loose on the motor shaft, an operating arm
fixed on the motor shaft and having a nofch in
one end thereof, g driving stud carried by the
operating disc and extending into said notch for
lost motion driving connection between said arm
and said disc, a key disc mounted to turn about
an axis parallel with and spaced laterally of the
axis of the motor shaft, a roller on said driving
stud, said key disc having a slot which said roller
is adapted to enter and leave with maximum
mechanical advantage to turn the key dise, a
drive connection between said key disc and said
movable member for moving said movabie
member from one position to another, a stop pin
on said key disc for cooperation with said operat-
ing arm whereby excess energy at the end of an
operation is dissipated through impact first be-
tween said arm and said pin and then between
the arm and the lost motion disc as the direction
of the former is reversed, said key disc having a
pair of arcuate peripheral concavities one on each
of the opposite sides of said slot, and a lock disc
fixed on the motor shaft for engagement alter-
nately in said concavities at the ends of the
operations of said device.

5. An operating mechanism for a device, such
as a switch, having a member to be moved from
one position to another comprising, in combina~
tion, a reversible motor including a rotor rotatable
through one revolution, a shaft carrying said
rotor, a Geneva pinion carried by said shaft
and rotatable therewith through said one revolu-
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tion, a Geneva gear directly connected to said
movable member and operatively related to said
Geneva pinion whereby the rotation of the latter
through one complete revolution unlocks said
Geneva gear, moves the same and said movable
member from one position to the other, and then
locks them in said other position, and spring
means cooperating with said Geneva pinion to
bias it and said rotor to the same starting posi-
tion.

6. An operating mechanism for a device, such
as a switch, having a member to be moved from
one position to another comprising, in com-
bination, a reversible electric motor including a
rotor rotatable through one revolution, a shaft
carrying said rotor, a Geneva pinion carried by
said shaft and rotatable therewith through said
one revolution, a Geneva gear directly con-
nected to said movable member and operatively
related to said Geneva pinion whereby the rota-
tion of the latter through one complete revolu-
tion unlocks said Geneva gear. moves the same
and said movable member from one position to
the other, and then locks them in said other
position, a pair of limit switches operated by said
Geneva gear and connected to control the opera-
tion of said motor, one limit switch being closed
when said Geneva gear occupies one position to
provide a circuit for. energizing said motor to
operate said Geneva gear to the alternate posi-
tion and the other limit switch being opened as
said Geneva pinion moves out of driving engage-
ment with said Geneva gear and vice versa
whereby said motor is deenergized in advance of
the completion of said one revolution in either
direction in sufficient . time to dissipate the
kinetic energy of the rotating parts and bring
the same to rest when said one revolution is
completed, and spring means cooperating with
said Geneva pinion and acting to dissipate said
kinetic energy and to bias said Geneva pinion and
said rotor to the same starting position.
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