
United States Patent [191 
Goodwin, Jr. et al. a g 

[111 3,787,649 
[45] Jan. 22, 1974 

[54] VACUUM SWITCH CAM OPERATING 
MECHANISM WITH CONTACT LOADING 
COMPRESSION SPRING 

[75] Inventors: Edwin C. Goodwin, Jr., Canton; 
Oscar L. Larkin, Saugus, both of 
Mass.; Heinrich H. Erni, Turgi, 
Switzerland 

[73] Assignee: Allis-Chalmers Corporation, 
Milwaukee, Wis. . 

[22] Filed! Aug. 4, 1972 

[211 App]. No.: 278,177 

[52] us. c1.... 200/153 LA, 200/144 B, 200/153 H, 
335/131, 335/191 

[511 19pm; 11011133/42 HOlh 33/66, HOlh 3/42 
[58] Field 61 Search... 200/144 B, 'i‘5'3TA, 1531i, 

153 G; 335/106, 27, 127, 131, 190, 191; 
337/7 

[56] ' ikétei'en?céé'?iiéii‘“ " 

UNITED STATES PATENTS 

3,214,557 10/1965 P?anz ......................... ..200/153 LA 
3,571,543 3/1971 Perkins et al. . . . . . . . . .. 200/144 B 

3,624,329v 11/1971 Fischer et al. ................ .. 200/153 0 

2,794,881 6/1957 Frank ............................ .. 335/191 x 

3,031,601 , 4/1962 Rudolph ......................... .. 335/27x 

3,590,186 
3,248,497 

6/1971 Brunner ............... .. 200/144 B X 

4/1966 Lindsay ..................... .. 200/144 B X 
/ 

Primary Examiner—I-Ierman J. Hohauser 
Assistant Examiner—Robert A. Vanderhye 
Attorney, Agent, or Firm—Robert C. Jones; Robert B. 
Benson; Lee H. Kaiser 

[5 7] ABSTRACT 

A single reciprocable cam bar simultaneously operates 
three vacuum interrupters. Cam follower motion is 
transmitted by precompressed contact loading springs 
to the movable contacts to assure high contact pres 
sure, and the precompressed contact laoding springs 
exert substantially constant force regardless of the 
amount of contact erosion or overtravel. The cam bar 
is latched in switch closed position, and the forces of 
the three contact loading springs are additive to the 
force of the cam bar return springs to effect switch 
opening. Contact closing position is adjustable for 
each switch at a single point by varying de?ection of 
the precompressed contact loading springs to thereby 
assure synchronized closing of the three interrupters. 
The motion of the contact operating rods is guided by 
pivoted yokes along a line substantially axial of the 
contacts to compensate for contact erosion. 

20 Claims, 9 Drawing Figures 
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VACUUM SWITCH CAM OPERATING 
MECHANISM WITIICONTACT LOADING 

COMPRESSION SPRING 

This invention relates to an operating mechanism for 
a plurality of vacuum interrupters. 

DESCRIPTION OF THE PRIOR ART 

Operating mechanisms for a plurality of vacuum in 
terrupters are known, but push-rods which actuate the 
vacuum interrupter contacts in certain prior art mecha 
nisms are moved by a three-bar linkage which results 
in substantial lateral movement of the push-rods and 
consequent erosion of the contacts. Such three-bar 
linkage required critical initial factory setting and sub 
sequent fine ?eld adjustment to maintain stability. Fur 
ther, interphase coordination was neither positively 
guided nor maintained throughout the operation se 
quence. Other prior art operating mechanisms for a 
plurality of vacuum interrupters use separate cams for 
their push-rods'with the result that it is difficult to syn» 
chronize opening of and closing of the contacts for the 
vacuum interrupters and more difficult to maintain the 
interrupters in adjustment. Further, such prior art vac 
uum switch operating mechanisms require adjustment 
at numerous points in the operating mechanism of each 
interrupter in order to synchronize opening and closing 
of the plurality of interrupters. Certain prior art operat 
ing mechanisms for a plurality of vacuum interrupters 
have separate contact opening means for each inter 
rupter, and such opening means occasionally do not 
have sufficient force to separate the interrupter 
contacts'if they “freeze” or become welded during use. 
Further, failure of one vacuum interrupter often caused 
dynamic unbalance of the three bar linkage operating 
mechanism of prior art vacuum switch actuating means 
and resulted in opening of all three interrupters. 

OBJECTS OF THE INVENTION 

An object of the invention is to provide an improved 
actuator for a plurality of vacuum interrupters. 
Another object of the invention is to provide a switch 

actuator having means for latching a plurality of inter 
rupters in closed position and stored energy means for 
simultaneously opening the plurality of interrupters. 
Yet another object of the invention is to provide a 

switch actuator having a single cam bar which effects 
simultaneous synchronized operation of the movable 
contacts of a plurality of electrical interrupters. 
A further object of the invention is to provide an op 

erating mechanism for a plurality of vacuum interrupt 
ers wherein all interrupter contacts are inherently syn 
chronized and contact loading variation resulting from 
contact erosion is minimized. 
A still further object is to provide an operating mech 

anism for a plurality of vacuum interrupters having 
means to correct each phase for deviations caused by 
manufacturing tolerances or by wear. 

Still another object of this invention is to provide an 
actuator for a plurality of vacuum interrupters having 
a single support plate on which the operating mecha 
nism and the tripping mechanism for the plurality of in 
terrupters is mounted. 
A further object of the invention is to provide an ac 

tuator for a plurality of vacuum interrupters which ap 
plies substantially axial closing forces simultaneously to 
the movable contacts of the interrupters. 
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A further object of the invention is to provide an ac 

tuator for simultaneously operating a plurality of vac 
uum interrupters having improved means for limiting 
overtravel of each of the interrupter movable contacts 
and precompressed contact loading springs which exert 

v substantially-constant force and transmit closing mo 
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tion to the movable contacts to thus prevent damage to 
the vacuum interrupters. 

Still another object of the invention is to provide an 
improved actuator for a plurality of vacuum interrupt 
ers having precompressed contact loading spring 
means for holding the interrupter contacts closed with 
a substantially constant .force so that contact pressure 
remains uniform irrespective of erosion of the contacts. 

Still another object of the invention is to provide an 
operating mechanism for a plurality of vacuum inter 
rupters having precompressed contact loading spring . 
means in each of the interrupters for effecting high 
pressure contact engagement and'wherein the forces of 
such contact loading spring means of all of the inter 
rupters are additive to the force of the switch opening 
springs to break open the contacts of any one inter 
rupter if they become welded during operation. 
Yet another object of the invention is to provide an 

operating mechanism for a plurality of vacuum inter 
rupters wherein the failure of one interrupter cannot 
cause dynamic imbalance of the operating mechanism 
which in prior art apparatus often resulted in opening 
of all interrupters when one vacuum interrupter failed. 

A still further object of the invention is to provide an 
improved operating mechanism for three phase vac 
uum switches wherein contact closing for each inter 
rupter is easily adjusted at a single point to accomplish 
synchronized closing of the three interrupters. 
These and other objects and advantages of the inven 

tion will be more readily apparent from the following 
detailed description when considered in connection 
with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view in front elevation of a three phase 
vacuum switch embodying the invention with parts bro 
ken away to show internal construction of a vacuum 
switch and of the switch operating mechanism; 
FIG. 2 is a view in elevation, partly in vertical section, 

of the switch operating mechanism shown in FIG. 1; 
FIG. 3 is a horizontal section view of the actuator 

taken along line III—-Ill on FIG. 2; 
FIG. 4 is a view similar to FIG. 2 showing the position 

of the various actuator components after the actuator 
has operated to close the contacts of the interrupters; 

FIG. 5 is an enlarged fragmentary view in vertical 
section taken along line V-V of FIG. 2; 
FIG. 6 is an enlarged fragmentary view in transverse 

vertical section taken through a hanger assembly which 
secures the mounting plate to the supporting base; 
FIG. 7 is a schematic illustration of how substantially 

linear actuation of an interrupter movable contact is 
accomplished by the cooperative movement of a piv 
oted yoke and the push-rod in a contact closing (or 
opening) movement; 
FIG. 8 is an enlarged fragmentary view partly in hori 

zontal section and partly in plan of the latch mecha 
nism taken along line VIII~VIII in FIG. 4; and 
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FIG. 9 is an enlarged fragmentary view of the end of 
the latch mechanism lever in latching engagement. 

DESCRIPTION OF THE INVENTION 

FIG. 1 of the drawing shows a three phase vvacuum 
switch 20 comprising three vacuum interrupters 21, 
21a and 21b which are operated simultaneously by a 
switch actuator 24. The vacuum interrupters 21, 21a 
and 21b are identical and are bolted in an upright posi 
tion on a supporting base 25 comprising the web of a 
horizontal structural channel member 26, which, in 
turn, is adapted to [be mounted on a suitable supporting 
structure 27 shown in FIG. 2. The actuator 24 is like 
wise supported by the base 25 and is secured in de 
pending relationship to the underside of the channel 
member 26 by means of hanger assemblies 81 and 82 
which are secured to the channel member 26 by bolts. 

The vacuum interrupters 21, 21a and 21b are similar 
and the description of the switch 21 will likewise apply 
to interrupters 21a and 21b, and corresponding parts 
will be identi?ed with the same reference number with 
an addition of a letter suf?x to identify the particular 
interrupters and associated mechanism. The inter 
rupter 21 includes a pair of ceramic hollow upper and 
lower insulators 28 and 29 disposed in axial alignment. 
The lower insulator 29 is mounted in a lower metallic 
hollow cup member 31 which is bolted to the top sur 
face of channel 26. The upper end of the insulator 29 
receives a cup member 32 similar to the cup member 
31. A similar arrangement is provided for the upper in 
sulator 28 wherein there are provided lower and upper 
hollow metallic cup members 33 and 34. A metallic ter 
minal 36 having a clearance opening therethrough for 
the interrupter operating rod is interposed between the 
cup members 32 and 33. The upper and lower insulator 
members 28 and 29 are rigidly secured together by 
means of bolts 37 which extend through suitable 
aligned openings provided in terminal 36 and in the ra 
dial ?anges of cup members 32 and 33. A metallic cap 
terminal 38 is bolted or otherwise secured to the upper 
cup member 34 and serves as a support for a depending 
stationary contact rod 39 of the vacuum interrupter. 
The cup members 31 and 32 associated with the lower 
insulator 29 are bonded thereto. by suitable bonding 
material such as Portland cement, epoxy resin or the 
like. In like manner, the cup members 33 and 34 asso 
ciated with the upper insulator 28 are likewise bonded 
thereto by the same type of bonding material. 
The stationary contact rod 39 extends downwardly 

into a glass vacuum interrupter 41 that is supported in 
the hollow upper insulator 28. Vacuum interrupter 41 
has a circumferential ?ange at its lower end which is 
fastened by screws (not shown) to the metallic terminal 
36. A movable contact rod 42 extends through the bot 
tom end of vacuum interrupter 41 and through the 
opening in terminal 36 in axial alignment with the sta 
tionary contact rod 39 and is movable into engagement 
with stationary contact 39. The movable contact 42 is 
shown in the open position and is movable axially into 
abutting engagement with the stationary contact 39 to 
complete an electrical circuit through the interrupter 
between terminals 36 and 38. The ends of vacuum in 
terrupter 41 through which the contacts 39 and 42 ex 
tend are sealed in a well known manner. 
An electrical connection is established between mov 

able contact 42 and the terminal 36 by a plurality of 
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4 
electrically conductive flexible shunts 35. The shunts 
35 are secured to the under surface of the terminal 36 
and to the surface of a hollow metallic connector 40 
which receives the end of movable rod contact 42. 
The contact 42 is moved axially by an actuating rod 

or push-rod 43 of insulating material that extends up 
wardly through the insulator 29. The actuating rod 43 
at its upper end is provided with the metallic connector 
40 which receives the lower end of the movable contact 
rod 42. The lower end of the push-rod 43 is secured to 
parallel coupling members 44. As shown in FIG. 5, the 
lower end of the coupling members 44 are bifurcated 
so as to provide spaced parallel legs 46 and 47 which 
extend downwardly between a pair of horizontally ex 
tending arm portions 48, 49 of a pivoted U-shaped 
bracket yoke 51 which guides the movement of push 
rod 43 in a straight line axial of movable contact rod 
42. As shown in FIGS. 2, 3 and 5, bracket yoke 51 has 
spaced arms 48 and 49 extending horizontally to the 
left disposed on opposite sides of legs 46 and 47 and a 
pair of spaced arms 103 and 104 extending horizontally 
to the right. The arms 48 and 49 are disposed between 
the upstanding legs 52 and 53 of U-shaped stirrup 54. 

The leftwardly extending arms 48 and 49 of the piv 
oted U-shaped yoke 51 are disposed to bracket a hori 
zontally reciprocable cam bar 55, FIG. 5, which effects 
simultaneous axial movement of the movable rod 
contacts 42, 42a and 42b of the three interrupters 21, 
21a and 21b. A bolt 56 passes through suitably aligned 
openings in the legs 52 and 53 of the U~shaped stirrup 
54, through the arms 48 and‘49 of the bracket yoke 51, 
and through the leg members 46 and 47 of the coupling 
members 44, as shown in FIG. 5. Rotatably mounted on 
bolt 56 is a cam follower roller 57 which is engaged in 
a cam slot 58 in the left end of the cam bar 55, as shown 
in FIGS. 2, 4 and 5. ‘ 
As viewed in FIG. 5, the spaced dependent legs 46 

and 47 of the coupling members 44 receive the head 61 
of a bolt 62 that extends downwardly through a suitable 
opening in the horizontal cross bar of the U-shaped stir 
rup 54. The head 61 of bolt 62 is secured to the de 
pending ends of the legs 46 and 47 by a pair of bolts 63, 
one of which is shown in FIG. 5, passing through clear 
ance holes in head 61. Bolt 62 provides a positive con 
nection between stirrup 54 and coupling members 44 
during contact opening while permitting relative move 
ment therebetween during contact closing so that the 
interrupter contacts can be held closed under high 
pressure by precompressed contact loading springs 66 
and 67. _ 

For the purpose of maintaining high pressure contact 
of the movable contact 42 with stationary contact 39 
irrespective of the amount of overtravel of cam fol~ 
lower roller 57, a pair of concentric nested pre 
compressed contact loading springs 66 and 67 are co 
operatively arranged to transmit contact follower mo 
tion to the contact operating rod 43 and thus apply the 
required contact pressure to the movable contact 42 
when it is in engagement with stationary contact 39. As 
shown in FIG. 5, the springs 66 and 67 are of the com 
pression type and are arranged in concentric nested re 
lationship about the bolt 62. The inner spring 66 sur 
rounds the bolt 62 so that its upper end engages the 
lower surface of the bolt head 61 and its lower end is 
in engagement with the cross bar of the U-shaped stir 
rup 54. The outer spring 67 is of the same compressed 
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length as, but has a larger internal diameter than inner 
spring 66 and at its upper end engages the head 61 and 
at its lower end engages the cross bar of the U-shaped 
stirrup 54. 
The lower depending end of the bolt 62 ‘passes 

through a clearance hole in the cross bar of stirrup 54 
and is threaded at 68 and receives a pair of interengag 
ing nuts 69 and 71 which are self-locked on the bolt 62. 
Bolt 62 pre-compresses contact loading springs 66 and 
67 to a predetermined de?ection so that they exert a 
force which is substantially constant regardless of fur 
ther deflection. When stirrup 54 is moved upwardly by 
cam follower roller 57, springs 66 and 67 urge coupling 
member 44 and push-rod 43 upwardly to actuate mov 
able contact rod 42 into engagement with stationary 
contact 39 with thelsubstantially constant force of pre 
compressed springs 66 and 67. This contact force re 
mains substantially uniform regardless of limited over 
travel of stirrup 54, and bolt 62 provides a positive con 
nection between stirrup 54 and coupling members 44 
during contact opening. 
The operating means for movable contact 42 of inter 

rupter 21 thus includes cam slot 58 in cam bar 55, cam 
follower roller 57, bolt 56 which couples cam follower 
S7 to stirrup 54, contact loading springs 66 and 67 
which transmit contact closing motion from stirrup 54 
to coupling members 44 and bolt 62 which preloads 
springs 66 and 67 and transmits contact opening mo 
tion to coupling members 44, contact operating rod 43 
and movable contact rod 42, and bracket yoke 51 
which at one end pivots about pin 98 and operatively 
engages bolt 56 at its other end to guide coupling mem 
bers 44 is essentially straight linemotion as it‘ is actu 
ated by cam follower roller 57. 
The cam bar 55 is reciprocable horizontally to effect 

the simultaneous upward movement of the push-rods 
43, 43a and 43b to actuate the movable contacts 42, 
42a and 42b axially. As shown in FIGS. 2, 3'and 6, the 
cam bar 55 is slidably supported by supporting strap as 
semblies 81 and 82 which are mounted in spaced rela 
tionship from the underside of the channel member 26. 
As shown in FIG. 6, the strap assembly 81 includes a 
pair of spaced L-shaped members 81a and 81b which 
are secured by bolts 88 and 89 to lugs 86 and 87 de 
pending from channel member 26. The strap assembly 
82 is similarly arranged and provided with a pair of L 
shaped members 82a and 82b which are likewise se 
cured in spaced relationship by means of bolts 93 and 
94 to lugs 91 and 92 depending from the channel 26. 
The cam bar SSis movably supported for reciprocation 
between the L-shaped members 81a and 81b of the as 
sembly 81 and between L-shaped members 82a and 
82b of assembly 82 by rollers 96 and 97 respectively 
which are rotatably supported on associated bolts 98‘ 
and 99. The rollers 96 and 97 are disposed in elongated 
horizontal guide slots 101' and 102 in the cam bar 55. 
The bolt 98 protrudes through clearance apertures in 
the spaced apart depending legs of L-shaped members 
81a and 81b, and the bolt 98 also serves to support the 
rightwardly extending portions 103 and 104 of the U 
shaped bracket yoke 51 so that yoke 51 pivots on bolt 
98. A similar arrangement is provided for the bracket 
yoke 51b which has its leftwardly extending arms 106 
and 107 connected by the bolt 99 on which the roller 
97 is supported so that bracket yoke 51b pivots on bolt 
99. 
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6 
A component mounting plate 111 is supported in a 

vertical plane below cam bar 55 in depending relation 
ship from the strap assemblies 81 and 82. As shown in 
FIG. 6,, the plate 111 is disposed between and welded 
to the leg members 81a and 81b of the assembly 81 and 
also to the legs 82a and 82b of the assembly 82. 
As shown in FIGS. 2 and 3, the bracket yoke 51a 

associated with the coupling member 44a has its left 
wardly extending arms 48a and 49a supported by a bolt 
98a that extends through aligned openings provided in 
the arms 48a and 49a. The bolt 98a is also provided 
with a roller member 119 similar to the rollers 96 and 
97. The roller 119 is disposed within an elongated hori 
zontal guide slot 121 in cam bar 55. The bolt 98a is dis 
posed in upright strap members 122 and 123 that are 
welded on either side of the component mounting plate 
111. Thus the cam bar 55 is movable in a horizontal 
plane, being guideably supported for movement by 
means of the rollers 96, 97 and 119 which operate in 
the guide slots 101, 102 and 121 respectively. As 
viewed in FIG. 2, the leftward movement of the cam 
bar 55 will move push-rods 43, 43a and 43b upwardly 
for actuating the associated movable contacts 42, 42a 
and 42b associated with the interrupters 21, 21a and 
21b. The vertical upward movement of the push-rods 
43, 43a and 43b upon leftward movement of the cam 
bar 55 is accomplished by cam slots 58, 58a and 58b in 
the cam bar 55. The cam slots 58, 58a and 58b are 
identical and the description for the cam slot 58 will 
apply to the cam slots 58a and 58b. As shown in FIG. 
4, cam slot 58 has a lower horizontal cam track portion 
126 and an upper horizontal cam track portion 127 
which are connected by an upwardly inclined cam 
track portion 128. With the cam bar 55 located in its 
extreme position to the right, as depicted in FIG. 2, 
cam follower roller 57 associated with the push-rod 
coupling member 44 is locatedv in the lower cam track 
portion 126 wherein the movable contact 42 is in open 
position, as shown in FIG. 1. As the cam bar 55 is 
moved to the left, the cam follower roller 57 tracking 
in the cam slot 58 is cammed upwardly following the 
upwardly inclined cam track portion 128 to the upper 
cam track portion 127. As the cam follower roller 57 
tracks in the cam slot 48, stirrup 54, coupling members 
44 and the push-rod 43 are moved axially upward, 
thereby moving the contact 42 into an abutting engage 
ment with the stationary contact 39. The cam follower 
roller 57 is rotatably supported on the bolt 56 which 
passes through aligned openings in the upwardly ex 
tending legs 52 and 53 of the stirrup member 54, 
through the leftwardly extending arms 48 and 49 of the 
bracket yoke 51, and through vertically elongated 
openings 131 and 132 (See FIG. 5) in the depending 
leg portions 46 and 47 respectively of the coupling 
members 44.- Thus, as the cam roller 57 tracks in the 
cam slot 58, the bolt 56 will move with the roller 57 
and, in turn, will force leftwardly extending ends 48 
and 49 of the bracket yoke 51 to pivot upwardly about 
the bolt 98. The bracket yoke 51 thereby causes bolt 
56 to move in an arcuate path having bolt 98 as the 
center and thus operates to maintain the push-rod 43 
in a vertical position so that it moves substantially in a 
straight line and the movable contact 42 engages in 
face-to-face abutting relationship with the stationary 
contact 39. As the bolt 56 moves upwardly with the 
cam follower roller 57, it moves within the vertical 
openings 131 and 132 in the depending ends 46 and 47 
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of the coupling member 44 which movement of stirrup 
54 is transmitted to coupling members 44 by springs 66 
and 67. 
This pivotal connection between the bracket yoke 51 

and the lower end of the coupling members 44 limits 
lateral movement of the lower end of the push-rod 43 
so that it moves in a substantially straight line of mov 
able contact 42. 
This movement is best illustrated in FIG. 7 wherein 

the identifying reference numbers associated with the 
related mechanical components are utilized for the 
schematic showing of the parts. Thus, in FIG. 7 the 
point 56 represents the bolt 56 which is coaxial with 
cam follower roller 57 tracking in the cam slot 58. The 
arcuate line 131 represents the path followed by the 
bolt 56 as the cam follower roller 57 operates to close 
the contact 42. Point 98 in FIG. 7 represents the axis 
of bolt 98 about which the bracket yoke 51 pivots as 
the cam bar 55 moves to the left for closing the 
contacts 42. The lower horizontal line in FIG. 7 repre 
sents the lower cam track portion 126, the middle hori 
zontal line represents the midpoint in the connecting 
inclined cam track portion 128, and the top horizontal 
line represents the upper cam track portion 127 
wherein the full force of the contact loading springs 66 
and 67 is exerted to maintain contact 42 in high pres 
sure engagement with stationary contact 39. Thus, with 
the cam bar 55 in its full rightward position, depicted 
in FIG. 2, the contact 42 is in open position. In this po 
sition, the roller 57 is in the lower‘ cam track portion 
126. As the cam bar 55 is moved leftwardly, the roller 
57 following the cam slot 58 moves out of the lower 
cam track portion 126 and up the inclined cam track 
portion 128. As the cam bar 55 moves leftwardly to ef 
fect closing of the contacts, the lower end of the push 
rod 43, represented by the point 56 in FIG. 7, will move 
in an arcuate path represented by the line 131. Inas 
much as the vertical stroke of push-rod 43 is very small 
compared to the distance between bolt 56 and pivot 
point 98, it will be appreciated that bolt 56 can only 
move a very slight distance in the horizontal direction 
and that bracket yoke 51 guides push-rod 43 in an es 
sentially straight line, or axial direction during opening 
and closing of the contacts. When roller 57 moves up 
wardly out of the inclined cam track portion 128 into 
the upper cam track portion 127 represented by the top 
horizontal line 127 in FIG. 7, the axis of the push-rod 
43 and movable contact rod 42 are in the vertical plane 
represented by the line 130, thereby. insuring face-to 
face abutting engagement of the contacts 42 and 39. 
The bracket yokes 51a and 51b associated with push 
rods 43a and 43b operate in the same manner as 
bracket yoke 51. Alllof the movable contacts 42, 42a 
and 42b engage their associated stationary contacts 39, 
39a and 39b simultaneously when the cam follower rol 
lers 57, 57a and 57b are at the midpoint of their in 
clined cam track portions 128, 128a and 128!) 
respectively. As the cam follower rollers 57, 57a and 
57b move beyond the midpoints of their associated in 
clined cam track portions 128, 128a and 128b 
respectively. As the cam follower rollers 57, 57a and 
57b move beyond the midpoints of their associated in 
clined cam track portions 128, 128a and 128b 
respectively, the preloaded contact loading springs 
66-67, 66a-67a, and 66b-67b urge the movable 
contacts 42, 42a and 42b into high pressure engage 
ment with the stationary contacts 39, 39a and 39b 
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respectively, and such contact pressure remains sub 
stantially constant during any overtravel of the stirrups 
54, 54a, 54b as the cam follower rollers are cammed 
further up inclined cam track portions I28, 128a and 
l28b as described hereinafter, thereby preventing 
bounce and consequent erosion of the movable 
contacts 42, 42a and 42b. 
Known operating mechanisms for three phase vac» 

uum switches use a three-bar linkage which causes con 

siderable lateral movement of the push-rod and results 
in contact erosion and contact bounce. It will be noted 
that push-rods 43, 43a and 43b are free-?oating and are 
guided by bracket yokes 51, 51a and 5 lb and from the 
cam follower rollers 57, 57a and 57b so that they move 
free of slide cam bar 55. Further, the center of cam 
slots 58, 58a and 58b is at the same horizontal level as 
the guide slots 10l, 102 and I2] and is at the point of 
contact engagement. In this manner longitudinal move 
ment of the push-rods 43, 43a and 43b is positively con~ 
trolled so that contact bounce is eliminated and lateral 
movement of the push-rods is limited so that contact 

’ erosion is minimized. 
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In accordance with the invention the contact loading 
springs 66-67, 66a-67a, and 66b-67b are loaded to a 
predetermined substantially constant force so that high 
contact pressure is maintained even though the 
contacts erode. 
For affecting simultaneous closing of the three 

switches, the nuts 69, 69a and 69b are adjusted on the 
end of the threaded portions of the bolts 62, 62a and 
62b respectively. To this end, the cam bar 55 is moved 
leftwardly from the open switch position in which it is 
shown in FIG. 2 to a half stroke position wherein the 
cam follower rollers 57, 57a and 57b are midway up the 
inclined cam track portions 128, 128a and l28b 
respectively At this point a pin (not shown) is inserted 
through an opening 136, FIG. 1, in the L-shaped leg 
member 82a of the hanger assembly 82 when it regis 
ters with an opening (not shown) in the cam bar 55 to 
lock the cam bar 55 in said half-stroke position. The 
nut 69 is then turned relative to bolt 62 to move cou 
pling members 44 upwardly or downwardly until mov~ 
able contact 42 just engages stationary contact 39. In 
a similar manner, the nuts 69a and 69b associated with 
the push-rods 43a and 43b are adjusted so that movable 
contacts 42a and 42b just engage the stationary 
contacts 39a and 39b at the half-stroke position so that 
contact closing is synchronized in all three phases. 
When the desired adjustment has been efected, the pin 
(not shown) is removed from the aperture 136 to re 
lease the cam bar 55. Known operating mechanisms for 
three phase vacuum switches require adjustment at a 
plurality of points in each switch to synchronize closing 
of the three interrupters, and it will be appreciated that 
the disclosed structure requires adjustment at only one 
point on each interrupter actuator to synchronize 
contact closing in all three phases. 
The contact pressure remains substantially constant 

irrespective of the amount of overtravel or of contact 
erosion. In the preferred embodiment the contact pres 
sure is approximately 88 pounds and varies only plus or 
minus four pounds from initial contact engagement 
until the end of the cam stroke. If the contacts of one 
interrupter freeze (weld) due to arcing, the predeter 
mined force of the precompressed springs 66-67, 
66a-67a and 66b-67b of all three phases are additive 
to separate the contacts. 
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In order to close the vacuum switches 21, 21a and 
21b, an actuating mechanism 141 is provided to move 
cam bar 55 to the left. Actuating mechanism 141 may 
be electrically or manually operated as desired. As 
shown in FIGS. 2 and 3, the actuating mechanism 141 
includes a pair of generally triangularly shaped bell 
crank levers 142 and 143 which are pivotally con 
nected to the cam bar 55 on opposite sides thereof by 
a pin 146, as shown in FIG. 3. The bell crank levers 142 
and 143 are fulcrumed on opposite sides of mounting 
plate 111 by a pin 144 extending through plate 111. 

Pivotal movement of the bell crank levers 142 and 
143 about the fulcrum pin 144 in a counterclockwise 
direction, as viewed in FIG. 2, will effect the leftward 
movement of the cam bar 55 and closing or interrupt 
ers 21, 21a and 21b. The bell crank levers 142 and 143 
are latched in their counterclockwise position to main 
tain the interrupters 21, 21a and 21b closed. For latch 
ing the bell crank levers 142 and 143, as depicted in 
FIG. 4, a latch mechanism 150 engages a latch pin 55 
that extends through one leg of both of the bell crank 
levers 142 and 143. The latch mechanism 150 includes 
a latch trip lever 151 having depending bifurcated legs 
152 and 153 and which is pivotally supported on a pin 
154 extending through legs 152 and 153 and through 
a protrusion 156 of the mounting plate 111 at a cutout 
portion 160 of the mounting plate. Latch trip lever 151 
is pivotally supported by the pin 154 with the bifur 
cated depending legs 152 and 153 disposed on opposite 
sides of the mounting plate 111 and is biased in a coun 
terclockwise direction. The latch trip lever 151 also in 
cludes an upstanding thumb portion 157 which is oper 
ative to engage under the latch pin 155 that extends 
through the bell crank levers 142 and 143 at cutout 
portion 160. When the interrupters are open and the 
bell crank levers 142 and 143- are in their unlatched 
clockwise position, the latch pin 155 is disposed adja 
cent the side of the thumb portion 157 in the dotted 
line position shown in FIG. 9. As the bell crank levers 
142 and 143 are pivoted in a counterclockwise direc 
tion to the latched position wherein the switch contacts 
are held closed, the latch pin 155 rides up and over an 
inclined surface 158, FIG. 9, of the thumb portion 157 
to the solid line position shown in FIG. 9 wherein it 
rests on an arcuate surface 159 on thumb portion 157. 
With the bell crank levers 142 and 143 in full counter 
clockwise pivoted position, the upper arcuate surface 
159 of the thumb portion 157 will move under the latch 
pin 155 to latch the bell crank levers 142 and 143. As 
best shown in FIG. 8, the depending leg 153 of the latch 
trip lever 151 is provided with a laterally extending ?n 
ger 161. A tension spring 162 is secured at one end to 
the finger 161 and at'its opposite end to a bolt 163 
which is threadedly engaged in the mounting plate 111 
and extends outwardly therefrom; Thus the latch trip 
lever 151 is biased by spring 162 so that the thumb por 
tion 157 is moved in a counterclockwise direction to 
bring arcuate surface 159 under pin 155 upon counter 
clockwise pivotal movement of the bell crank levers 
142 and 143. 
A stop screw 164 threadedly engaged in the outer 

end of the ?nger 161 is arranged to abut a stop 166 af 
fixed to mounting plate 111 to limit thecounterclock 
wise movement of the thumb portion 157 at the solid 
line position shown in FIG. 9. In this latched position 
of bell crank levers 142 and 143, a radius drawn from 
pin 154 as a center through the latch pin 155 will pass 
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through the arcuate surface 159 slightly to the right of 
the junction of the inclined surface 158 and the arcuate 
surface 159. In a preferred embodiment the adjustment 
is such that when the thumb portion 157 is in engage» 
ment with the latch pin 155, the pin 155 engages arcu 
ate surface 159 at a distance “A” shown in FIG. 9 no 
greater than one eighth of an inch from the junction of 
the inclined surface 158 with the arcuate surface 159. 
This arrangement has been found most advantageous in 
effecting instantaneous tripping since the only force re~ 
quired is that needed to overcome the coefficient of 
rolling friction, and a trip solenoid 201 is only required 
to impart a slight clockwise rotation to leg 152 of the 
latch trip lever 151 to release bell crank levers 142 and 
143 and thus permit return of the cam bar 55 to the 
right to open the switches. 
Clockwise pivotal movement of the bell crank levers 

142 and 143 from their latch position, as depicted in 
FIG. 4, to their unlatched position, depicted in FIG. 2, 
to open the interrupters is effected principally by a pair 
of interrupters opening springs 172 and 173 disposed 
on opposite sides of mounting plate 111 and a?xed at 
one end to a pin 174 extending through mounting plate 
111 and at their opposite end to a pin 175 extending 
through both bell crank levers 142 and affixed above 
mounting plate 111. As the bell crank levers 142 and 
143 are pivoted in a counterclockwise direction to 
close the interrupters, interrupter opening springs 172 
and 173 are placed in tension so that the energy stored 
therein will effect clockwise pivotal movement of the 
bell crank levers 142 and 143 to open the interrupters 
upon tripping of the latch mechanism 150. 
Power actuation of the bell crank levers 142 and 143 

in a counterclockwise direction to close the interrupt 
ers 21, 21a and 21b is accomplished by a switch closing 
solenoid 180 secured to a horizontally extending plate 
181 that is welded to a lower surface of mounting plate 
111 adjacent the left end thereof. The solenoid 189 is 
provided with a plunger 182 that is axially reciprocable 
within a cutout port on 185 in mounting plate 111 
when the solenoid 180 is energized. The plunger 182 is 
connected to the lower left leg of the bell crank levers 
142 and 143 by links 183 and 184. The links 183 and 
184 are pivotally connected at their upper ends to the 
bell crank levers 142 and 143 by a pin 186, and the 
lower ends of the links 183 and 184 bracket the plunger 
182 and are connected thereto by a pin 187 that ex 
tends through the plunger 182. Switch closing solenoid 
180 may be energized from a battery (not shown) in an 
electrical circuit completed by a remote manual switch 
(not shown) or suitable automatic relaying means, and 
energization of the solenoid 180 attracts the plunger 
182 downwardly so that the bell crank levers 142 and 
143 are pivoted about the fulcrum pin 144 in a counter 
clockwise direction, thereby moving the cam bar 55 to 
the left and closing the switches. Closing solenoid 180 
is selected to have a sufficiently high attractive force 
for plunger 182 to impart high dynamic speed to the 
operating mechanism so that switches 21, 21a and 21b 
close within a half cycle to prevent restrikes and high 
frequency transients but which attractive force is not 
high enough to cause contact bounce. 
As shown in FIGS. 2, 3 and 4, a manual switch actu 

ating lever 191 rotatable in opposite directions for clos 
ing and for tripping the switches is secured to a shaft 
192 that is rotatably supported in the mounting plate 
.111. As viewed in FIGS. 2 and 3, upwardly inclined 
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cam operating arm 193 disposed adjacent to the cam 
bar 55 is secured to shaft 192 for rotation therewith. 
The upper end of the arm 193 is provided with an elon 
gated slot 194 which receives a pin 196 secured in the 
cam bar 55 as shown in FIGS. 2 and 3. Counterclock 
wise rotation of switch actuating lever 191 will rotate 
shaft 192 and pivot arm 193 in a counterclockwise di 
rection to move cam bar 55 to the left through the con 
nection established between slot 194 and pin 196. As 
the arm 193 pivots counterclockwise, it will force the 
cam bar 55 to move leftwardly, FIG. 2, without impart 
ing an upward force to the cam bar which would tend 
to displace it from the horizontal because of the elon 
gated slot 194 which permits free movement of the pin 
196 upwardly of the cam bar. 
The manual switch actuating lever 191 is also opera 

ble in the clockwise direction to trip the latch mecha 
nism 150 and permit the cam bar 55 to return to the 
right and thus open the vacuum switches. To this end, 
a trip solenoid plunger actuating arm 195 is connected 
to the shaft 192 for rotation therewith. The lower end 
of the arm 195 is urged by a spring 197 into engage 
ment with the outer end of an actuating rod 198 (See 
FIG. 2) which is supported in a bracket 199 that is at 
tached to trip solenoid 201 so that rod 198 is aligned 
with plunger 204 of trip solenoid 201. The trip solenoid 
201 may be mounted by bolts (FIG. 8) to the front face 
of mounting plate 1 11 so that trip solenoid plunger 204 
is adjacent trip lever 151. The rod 198 is maintained in 
its outward position by means of a spring 202 surround 
ing rod 198 and which at one end abuts against the 
bracket‘199 and at its opposite end abuts against a 
washer 203, FIG. 2, which bears against a pin extending 
transversely through the rod 198. Movement of the rod 
198 to the left, as seen in FIG. 2, will engage the rod 
198 with the end of plunger 204 of trip solenoid 201, 
thereby causing the plunger 204 to move axially to the 
left, as viewed in FIG. 2. When solenoid plunger 204 
moves to the left it engages a horizontally extending 
finger 206 (See FIG. 8) that is integral with leg 152 of 
the bifurcated latch lever 151. With the latch mecha 
nism 150 in the switch open position depicted in FIG. 
2, the spacing between the horizontally extending ?n 
ger 206 of the latch lever leg 152 and the trip solenoid 
plunger‘ 204 is sufficient to allow the spring biased 
thumb portion 157 of the latch lever 151 to pivot in a 
counterclockwise direction under the roller 155 to 
latch the operating mechanism. With the cam bar 55 in 
its leftward position shown in FIG. 4 wherein the 
contacts of the interrupters are closed, the thumb por 
tion 157 will be biased in a counterclockwise direction 
by the spring 162 so that the arcuate surface 159 of the 
thumb member 157 engages under the latch pin 155. 
With this condition obtained, the horizontally extend 
ing finger portion 206 will be in engagement with the 
outer end of the solenoid plunger 204. As described 
hereinbefore, only a small force is required to pivot 
latch lever 151 and trip the operating mechanism, and 
spring 202 exerts a counter force against arm 195 and 
prevents inadvertent tripping of the switch such as 
might otherwise be caused by the weight of a hotstick 
engaged in the eye at the end of the switch actuating 
lever 191. 
Tripping of the switch operating mechanism may be 

accomplished automatically through energization of 
the trip solenoid 201, thereby moving solenoid plunger 
204 to the left to pivot the latch lever 151 in a clock 
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12 
wise direction about the pin 156 and moving the thumb 
portion 157 out of engagement with the latch pin 155. 
This releases the bell crank levers 142 and 143 so that 
they pivot in a clockwise direction about the fulcrum 
pin 144 under the in?uence of the stored energy in the 
switch opening springs 172 and 173 aided by the addi 
tive force of contact loading springs 66—67, 66a-67a 
and 66b-67b. This will effect a rightward movement of 
the cam bar 55, thereby disengaging the movable 
contacts 42, 42a and 42b of the switches 21, 21a and 
21b from the stationary contacts 39, 39a and 39b. 
To manually trip the switch operating mechanism, 

the switch actuating handle 191 is pivoted downwardly 
in a clockwise direction from the position shown in 
FIG. 4, thereby rotating the shaft 192 and lever 195 so 
that it pushes the rod 198 and solenoid plunger 204 
leftwardly. Leftward movement of the solenoid plunger 
294 will engage it with the extending ?nger 206 of the 
leg 152 of the latch lever 151, thereby pivoting the 
latch lever 151 in a clockwise direction to release the 
bell crank levers 142 and 143. The stored energy in the 
springs 172 and 173 then pivot the bell crank levers 
142 and 143 about the fulcrum pin 144 in a clockwise 
direction, thereby forcing the cam bar 55 to move 
rightwardly to open the switches. 
As can be seen in FIG. 1, the switch actuating mecha 

nism 24 is protected both from the weather and dam 
age by a cabinet enclosure 208 which is in the form of 
an envelope having an open upper end which engages 
the under surface of the channel member 26. The cabi 
net enclosure 208 is held in position by bolts 209 en 
gaged within internally threaded lugs 210 that are 
welded or otherwise secured to the lower surface of the 
mounting plate 1 11. 
From the foregoing description, it can be readily seen 

that a rugged and simpli?ed arrangement has been pro 
vided in which a single cam bar 55 effects the simulta 
neous opening or closing of a plurality of vacuum inter 
rupters. It will also be apparent that the single mount 
ing plate 111 for supporting the operating mechanisms 
for the three phase vacuum switch results in a superior 
and simplified structure that is economical to produce 
yet rugged in construction. 
With the arrangement described, it will be apparent 

that if the contacts of one of the vacuum switches 
should freeze or weld, the additive forces of all the 
nested contact loading springs 66 and 67, 66a and 67a 
and 66b and 67b associated with the push~rods 43, a 
and 43b cooperate with the stored energy switch open 
ing springs 172 and 173 to break the welded contacts 
apart. v 

It is also apparent that the cam slots 58, 58a and 58b 
being formed in the manner depicted with the upper 
track portions parallel to the direction of cam bar re~ 
ciprocation prevent overtravel of the movable contacts 
21, 21a and 21b, thereby preventing damage to the vac 
uum interrupter bottles. 

It should be understood that we do not intend to be 
limited to the single embodiment shown and described 
for many modi?cations and variations thereof will be 
obvious to those skilled in the art. 
We claim: 
1. In an electric circuit breaker having at least three 

interrupters in parallel vertical array, said interrupters 
each having a pair of separable contacts one of which 
is stationary and the other of which is axially movable 
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into and out of engagement with said stationary 
contact; , 

operating means including a cam follower operably 
connected to each of said axially movable contacts 
for actuating all of said contacts simultaneously in 
the same direction into and out of engagement with 
their associated stationary contacts; 

an elongated cam bar supported for reciprocal move 
ment in a direction transverse to the direction in 
which said movable contacts are movable; 

a plurality of identical cam slots formed in said cam 
bar, one for each movable contact, said cam slots 
being disposed along a common axis, said cam slots 
having identical con?gurations including a cam 
track portion inclined at an oblique angle to the di 
rection of cam bar reciprocation, each cam slot 
also including a cam track portion at each end of 
said inclined portion, said cam slots each opera 
tively receiving 'a cam follower; 

a pivoted yoke for each cam follower and operatively 
connected to each cam follower for guiding the 
lower end of said contact in such a manner that in 
the closing movement said movable contacts move 
in an arcuate path of travel that terminates on a 
line that includes the axes of the contacts when said 
contacts are in closed position to thereby provide 
a wiping engagement between the contact faces of 
said contacts; and, 

a contact loading compression spring for each of said 
contacts, said loading compression spring being 
supported in position to provide for predetermined 
high pressure engagement between the movable 

' contact and an associated stationary contact irre 
spective of the amount of over travel of an asso 
ciated cam follower, 

vwhereby movement of said cam bar in one direction 
will effect simultaneous movement of all of said 
movable contacts in the same direction into en 
gagement with their associated stationary. contacts 
and upon movement of said cam bar in the oppo 
site direction all of said movable contacts will move 
simultaneously in the same direction to open posi 
tions. 

2. An electric circuit breaker in accordance with 
claim 1 wherein eachof said cam followers include a 
roller disposed in an associated one ofsaid cam slots 
and said cam bar has a plurality of guide grooves 
therein elongated in the direction of reciprocation of 
said cam bar, and wherein said circuit breaker also has 
means including guide grooves and guide rollers dis 
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posed in said guide grooves for guiding said cam bar in > 
its direction of reciprocation and preventing movement 
thereof in all directions transverse to its direction of re 
ciprocation. - 

3. In an electric circuit breaker having at least three 
vacuum interrupters in parallel vertical array, said in 
terrupters each having a pair of separable contacts one 
of which is stationary and the other of which is axially 
movable into and out of engagement with said station 
ary contact; 
operating means including a cam follower operably 
connected to each of said axially movable contacts 
for actuating all of said contacts simultaneously in 
the same direction into and out of engagement with 
their associated stationary contacts, said operating 
means including contact loading compression 
spring means for transmitting contact closing mo 
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tion of each of said cam followers to each of said 
movable contacts, and means for deflecting each of 
said contact loading compression spring means to 
a predetermined loading and for providing a posi 
tive connection between said associated cam fol 
lower and said associated movable contact when 
said cam follower is moved in contact opening di 
rection and each being adjustable to vary said pre 
determined loading; 

an elongated cam bar supported for reciprocal move 
ment in a direction transverse to the direction in 
which said movable contacts are movable; 

a plurality of identical cam slots formed in said cam 
bar one for each movable contact, said cam slots 
being disposed along a common axis, said cam slots 
having identical con?gurations including a cam 
track portion inclined at an oblique angle to the di 
rection of cam bar reciprocation, each cam slot 
also including a cam track portion at each end of 
said inclined portion, said cam slots each opera 
tively receiving a cam follower; 
pivoted bell crank lever having an arm pivotally 
connected to said reciprocable cam bar; 

preloaded contact opening spring means engaging an 
arm of said bell crank lever and further loaded 
when said cam bar is reciprocated in a direction to 
close said contacts of said plurality of vacuum in 
terrupters; and, 

latch means adapted to releasably engage an arm of 
said bell crank lever for holding said bell crank 
lever and said cam bar in a position wherein said 
contacts of said plurality of interrupters are closed, 

a 

whereby the forces of said plurality of contact load- > 
ing compression spring means-and of said contact 
opening spring means are additive to open said plu 
rality of vacuum interrupters. 

4. An electric circuit breaker in accordance with 
claim 3 and including a trip solenoid provided with an 
armature movable when said solenoid is energized from 
a released position wherein said latch means can latch 
said bell crank‘lever to a trip position wherein said sole 
noid trips said latch means to free said bell crank lever, 
said armature having a portion accessible from the ex 
terior of said trip solenoid, a pivoted switch operating 
handle engaging said accessible portion of said arma 
ture and being adapted to move said armature from 
said released position to said trip position, and spring 
means engaging said accessible portion of said arma 
ture for normally holding said armature in said released 
position and thereby preventing inadvertent opening of 
said vacuum switch contacts when said operating han 
dle is engaged with a hot stick. 

5. In an electric circuit breaker, in combination; 
a supporting base; 
a plurality of vacuum interrupters mounted in spaced 

relation on said base in a plane transverse to said 
base and each having a stationary contact, movable 
contact, and means including a cam follower for 
operating said movable contact into and out of en 
gagement with said stationary contact; 

elongated reciprocable cam bar means having a plu 
rality of cam slots therein each of which has a cam 
track portion oblique to the direction of cam recip 
rocation receiving one of said cam followers for si 
multaneously actuating said movable contact oper 
ating means of said plurality of vacuum interrupt 
ers; 
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means affixed to said supporting base for guiding and 
supporting said cam bar for reciprocation in said 
plane transverse to said base; 

a mounting plate, said cam bar guiding means sup 
porting said mounting plate in said plane transverse 
to said base; 

bell crank lever means pivoted on said mounting 
plate and having one arm operatively connected to 
said reciprocable cam bar; ~ 

switch opening spring means affixed at one end to an 
arm of said bell crank lever means and at the other 
end to said mounting plate and being further 
loaded when said cam bar is reciprocated in the 
switch closing direction; 

latch means pivotally supported on said mounting 
plate for latching said bell crank lever when said 
cam bar is in switch closing position; and 

trip solenoid means affixed to said mounting plate for 
releasing said latch means to free said bell crank 
lever means when said trip solenoid is energized. 

'6. An electric circuit breaker in accordance with 
claim 5 and including a closing solenoid supported on 
said mounting plate and having a plunger operatively 
connected to an arm of said bell crank lever means for 
actuating said cam bar to ‘switch closing position when 
said closing solenoid is energized. 

7. An electric circuit breaker in accordance with 
claim 6 wherein said trip solenoid is provided with an 
armature movable when said trip solenoid is energized 
from a released position wherein said latch means can 
latch said bell crank lever means to a trip position 
wherein said trip solenoid armature trips said latch 
means to free said bell crank lever means, said trip sole 
noid armature having an accessible portion; 
a switch operating handle pivotally supported on said 
mounting plate and being adapted to move said trip 
solenoid armature from said released position to 
said trip position; and, 

spring means engaging said accessible portion of said 
trip solenoid armature for normally holding said 
armature in said released position, thereby pre 
venting inadvertent opening of said vacuum inter 
rupter contacts when said operating handle is en 
gaged with a hot stick. 

8. An electric circuit breaker in accordance with 
claim 5 wherein‘said‘ cam bar guiding and supporting 
means includes'a plurality of aligned pairs of cam guide 
legs projecting from the side of said supporting base op~ 
posite that on which said vacuum interrupters are 
mounted and with the legs of each said pair being 
spaced apart and disposed on opposite sides of a plane 
transverse to said base and of said cam bar and affixed 
adjacent their ends to said mounting plate. 

9. An electric circuit breaker in accordance with 
claim 8 wherein said cam bar has a plurality of cam 
grooves therein elongated in the direction of cam bar 
reciprocation each of which is adjacent one of said 
pairs of cam guide legs, and said cam bar guiding and 
supporting means includes said cam grooves, a roller in 

1 each of said cam grooves, and a roller support member 
_ extending through each said pair of cam guide legs and 
revolvably supporting one of said rollers with the corre 
sponding cam groove. " 

10. An electric circuit breaker in accordance with 
claim 9 wherein each said movable contact operating 
means includes yoke means pivotally mounted at one 
end on one of said roller support members and opera 
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tively connected at the other end to one of said cam fol 
lowers for guiding said movable contact in a manner to 
insure substantial face-to-face engagement between 
contacts when in closed positions. 

11. An electric circuit breaker in accordance with 
claim 10 wherein each said movable contact operating 
means also includes an elongated, longitudinally recip 
rocable, insulated contact operating rod operatively 
connected at one end to - the associated movable 

contact and precompressed contact loading compres 
sion spring means for transmitting switch closing cam 
follower motion to the other end of said contact operat 
ing rod. 

12. In an electric circuit breaker having at least three 
interrupters in parallel vertical array, said interrupters 
each having a pair of separable contacts one of which 
is stationary and the other of which is axially movable 
into and out of engagement with said stationary 
contact; 

operating means including a cam follower operably 
connected to each of said axially movable contacts 
for actuating all of said contacts simultaneously in 
the same direction into and out of engagement with 
their associated stationary contacts; 

an elongated cam bar supported for reciprocal move 
ment in a direction transverse to the direction in 
which said movable contacts are movable; 

a plurality of identical cam slots formed in said cam 
bar one for each movable contact, said cam slots 
being disposed along a common axis, said cam slots 
having identical con?gurations including a cam 
track portion inclined at a oblique angle to the di 
rection of cam bar reciprocation, each slot also in 
cluding a cam track portion at each end of said in 
clined portion, said cam slots each operatively re 
ceiving a cam follower; 

an elongated, longitudinally reciprocable, insulated 
contact operating rod for each axially movable 
contact, said operating rods being operatively con 
nected to an adjacent end of an associated movable 
contact; _ 

precompressed contact loading compression spring 
means for transmitting switch closing cam follower 
motion to the other ‘end of each of said contact 

rods; 
a U-shaped stirrup bracketing each of said cam fol 
lowers and an associated contact operating rod, 
each of said U-shaped stirrups having the legs 
thereof operatively coupled to an associated cam 
follower, said contact loading compression spring 
means being adaptedto react at its opposite ends 
against the cross piece of said U-shaped stirrup and 
against said other end of said associated contact 
operating rod; 

adjustable bolt means affixed to said other end of 
each of said contact operating rods for precom 
pressing said contact loading compression spring 
means against the cross piece of said U-shaped stir 
rup and for varying the stroke of said contact oper 
ating rod resulting from switch closing motion of 
said cam follower; and, 

a pivoted member for each of said cam followers op 
eratively connected to an adjacent end of an asso 
ciated insulated contact operating rod for guiding 
the movement of the adjacent lower end of an asso— 
ciated movable contact in an arcuate path of travel 
that terminates on a line that includes the axes of 



17 
said contacts when said contacts are in closed posi 
tion to thereby provide a wiping engagement be 
tween the contact faces of said contacts. 

13. In an electric circuit breaker having at'least three 
vacuum interrupters in parallel vertical array, said in 
terrupters each having a pair of separable contacts one 
of which is stationary and the other of which is axially 
movable into and out of engagement with said‘ station 
ary contact; ' 

operating means including a cam follower operably 
connected to each of said axially movable contacts 
for actuating all of said contacts simultaneously in 
the same direction into an out of engagement with 
their associated stationary contacts; 

an elongated cam bar supported for reciprocal move 
ment in a direction transverse to the direction in 
which said movable contacts are movable; 

a plurality of identical cam slots formed in said cam 
bar one for each movable contact, said cam slots 
being disposed along a common axis, said cam slots 
having identical con?gurations including a cam 
truck portion inclined at an oblique angle to the di 
rection of cam bar reciprocation, each cam slot 
also including a cam track portion at each end of 
said inclined portion, said cam slots each opera 
tively receiving a cam follower; 

an elongated, longitudinally reciprocable, insulated 
contact operating rod for each axially movable 
contact, said operating rods being operatively con 
nected to an adjacent end of an associated movable 
contact; ‘ 

precompressed contact loading compression spring 
means for transmitting switch closing cam follower 
motion to the other end of each of said contact 
rods; ' 

a U-shaped stirrup bracketing each of said cam fol 
lowers and said other end ‘of an associated contact 
operating rod; ‘ 

individual bolt means extending through the legs of 
each of said stirrups and through said associated 
cam followerfor coupling said stirrups to said cam 
followers, wherein said contact loading compres 
sion spring means react at one end against the cross 
piece of associated stirrups and at the opposite end 
against said other end of an associated contact op 
erating rod; 

individual bolt means affixed to said other end of 
each of said contact operating rods and extending 
through an associated contact loading compression 
spring means and through a clearance aperture in 
the cross piece of an associated stirrup for adjust 
ing the position of said operating rod relative to the 
cross piece of its associated U-shaped stirrup to 
thereby provide means for varying the preloading 
of said contact loading compression spring means 
and the stroke of said contact operating rod as de 
sired; and, 

a pivoted member for each of said insulated contact 
operating rod operatively connected to an adjacent 
end of an associated cam follower for guiding the 
movement of the adjacent lower end of an asso 
ciated movable contact in an accurate path of 
travel that terminates on a line that includes the 
axes of said contacts when said contacts are in 
closed position to thereby provide a wiping engage 
ment between the contact faces of said contacts. 

14. in an electric circuit breaker, inrcombination; 
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a supporting base; 
a plurality of vacuum interrupters mounted in spaced 

relation on said base in a plane transverse to said 
base and each having a stationary contact, a mov 
able contact, and means including a cam follower 
for operating said movable contact into and out of 
engagement with said stationary contact; 

elongated reciprocable cam bar means having a plu 
rality of cam slots therein each of which has a cam 
track portion oblique to the direction of cam recip 
rocation receiving one of said cam followers for si 
multaneously actuating said movable contact oper 
ating means of said plurality of vacuum interrupt 
ers; 

means affixed to said supporting base for guiding and 
supporting said cam bar for reciprocation in said 
plane transverse to said base; 

a mounting plate, said cam bar guiding means sup 
porting said mounting plate in said plane transverse 
to said base; 

bell crank lever means pivoted on said mounting 
plate and having one arm operatively connected to 
said reciprocable cam bar; 

switch opening spring means affixed at one end to an 
arm of said bell crank lever means and at the other 
end to said mounting plate and being further 
loaded when said cam bar is reciprocated in the 
switch closing direction; 

latch means pivotally supported on said mounting 
plate for latching said bell crank lever when said 
cam bar is in switch closing position; ’ 

trip solenoid means affixed to said mounting plate for 
releasing said latch means to free said bell crank 
lever means when said trip solenoid is energized, 
said trip solenoid being provided with an armature 
movable when said trip solenoid is energized from 
a released position wherein said latch means can 
latch said bell crank lever means to a trip position 
wherein said trip solenoid armature trips said latch 
means to free said bell crank lever means, said trip 
solenoid armature having an accessible portion; 

a switch operating handle pivotally supported on said 
mounting plate and being adapted to move said trip 
solenoid armature from said released position to 
said trip position, said switch operating handle hav 
ing a lever arm operatively connected to said cam 
bar, wherein manual operation of said handle in 
one direction reciprocates said cam bar to switch 
closing position and operation thereof in the oppo 
site direction actuates said trip solenoid armature , 
to said trip position to release said latch means; 

spring means engaging said accessible portion of said 
trip solenoid armature for normally holding said 
armature in said released position, thereby pre 
venting inadvertent opening of said vacuum inter 
rupter contacts when said operating handle is en 
gaged with a hot stick; and, 

a closing solenoid supported on said mounting plate 
and having a plunger operatively connected to an 
arm of said bell crank lever means for actuating 
said cam bar to switch closing position when said 
closing solenoid is energized. 

15. In an electric circuit breaker, in combination; 
a supporting base; 
a plurality of vacuum interrupters mounted in spaced 

relation on said base in a plane transverse to said 
base and each having a stationary contact, a mov 
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able contact, and means including a cam follower 
for operating said movable contact into and out of 
engagement with said stationary contact, each said 
movable contact operating means includes yoke 
means pivotally mounted at one end on one of said 

roller support members and operatively connected 
at the other end to one of said cam followers for 
guiding said movable contact in essentially straight 
line axial motion as it is actuated between open and 
closed positions, each said movable contact operat 
ing means also includes an elongated, longitudi 
nally reciprocable, insulated contact operating rod 
operatively connected at one end to the associated 
movable contact and precompressed contact load 
ing compression spring means for transmitting 
switch closing cam follower motion to the other 
end of said contact operating rod; 

each said movable contact operating means also in 
cludes a U-shaped stirrup bracketing said contact 
loading compression spring means and having the 
legs thereof operatively connected to said cam fol 
lower, and wherein said contact loading spring 
means react at one end against the cross piece of 
said U-shaped stirrup and at the opposite end 
against said other end of said contact operating 
rod; 

elongated reciprocable cam bar means having a plu 
rality of cam slots therein each of which has a cam 
track portion oblique to the direction of cam recip 
rocation receiving one of said cam followers for si 
multaneously actuating said movable contact ‘oper 
ating means of said plurality of vacuum interrupt 
ers; ‘ ' 

means affixed to said supporting base for guiding and 
supporting said cam for reciprocation in the plane 
transverse to said base; 

said cam bar guiding and supporting means includes 
a’ plurality of aligned pairs of cam guide legs pro 
jecting from the side of said supporting base oppo 
site that on which said vacuum interrupters are 
mounted and with the legs of each said pair being 
spaced apart and disposed on opposite sides of the 
plane'transverse to said base and of said cam bar 
and affixed adajcent their ends to said mounting 
plate; ' 

said cam bar has a plurality of cam grooves therein 
elongated in the direction of cam bar reciprocation 
each of which is adjacent one of said pairs of cam 
guide legs, said cam bar guiding and supporting 
means includes said cam grooves, a roller in each 
of said cam grooves, and a roller support member 
extending through each said pair of cam guide legs 
and revolvably supporting one of said rollers within 
the corresponding cam groove; ‘ 

a mounting’plate, said cam bar guiding means sup 
porting said mounting plate in the plate transverse 
to said base; 

bell crank lever means pivoted on said mounting 
plate and having one arm operatively connected to 
said reciprocable cam bar; 

switch opening spring means affixed at one end to an 
arm of said bell crank lever means and at the other 
end to said mounting plate and being further 
loaded when said cam bar is reciprocated in the 
switch closing direction; 
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20 
latch means pivotally supported on said mounting 

plate for latching said bell crank lever when said 
cam bar is in switch closing position; and, 

a trip solenoid affixed to said mounting plate for re 
leasing said latch means to free said bell crank 
lever means when said trip solenoid is energized. 

16. An electric circuit breaker in accordance with 
claim 15 wherein each said movable contact operating 
means includes bolt means affixed to said other end of 
said contact operating rod and extending through a 
clearance aperture in said cross piece of said stirrup for 
adjusting the de?ection of said contact loading spring 
means and the stroke of said contact operating rod re 
sulting from contact closing motion of said cam fol 
lower. 

l7. An electric circuit breaker in accordance with 
claim 16 wherein each said cam slot in said cam bar 
also has cam track portions at each end of said oblique 
cam track portion extending parallel to the direction of 
reciprocation of said cam bar. 

18. in an electric circuit breaker having at least three 
interrupters in parallel vertical array, said interrupters 
each having a pair of separable contacts one of which 
is stationary and the other of which is axially movable 
into and out of engagement with said stationary 
contact; 
operating means including a cam follower operably 
connected to each of said axially movable contacts 
for actuating all of said contacts simultaneously in 
the same direction into and out of engagement with 
their associated stationary contacts, said operating 
means includes contact loading compression spring 
means for transmitting contact closing motion of 
each of said cam followers to each of movable 

contact; 
means for de?ecting each of said contact loading 
compression spring means to a predetermined 
loading and for providing a positive connection be 
tween said associated cam follower and said asso~ 
ciated movable contact when said cam follower is 
moved in a contact opening direction and each 
being adjustable to vary said predetermined load 
ing; 

said means for de?ecting said contact loading com 
pression spring means is adjustable when said pair 
of contacts are open to vary the predetermined 
loading of said contact loading compression spring 
means and thus change the stroke through which 
said contact operating means is actuated by said 
cam follower in a manner that the closing of said 
pairs of contacts of said plurality of vacuum inter 
rupters can be synchronized at a single point in 
each of said movable contact operating means; 

each said movable contact operating means includes 
an elongated, insulated, axially reciprocable 
contact operating rod operatively connected at one 
end to said movable contact, a U-shaped stirrup 
embracing said contact loading compression spring 
means and the other end of said operating rod and 
said cam follower and having the legs of said U 
shaped stirrup coupled to said cam follower, and 
wherein said contact loading compression spring 
means reacts at one end against the cross piece of 
said U-shaped stirrup and at its opposite end 
against said other end of said operating rod; 

an elongated cam bar supported for reciprocable 
movement in a direction transverse to the direction 
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in which said movable contacts are movable; and, 

a plurality of identical cam slots formed in said cam 
bar one for each movable contact, said cam slots 
being disposed along a common axis, said cam slots 
having identical configurations including a cam 
track portion inclined at an oblique angle to the di 
rection of cam bar reciprocation, each cam slot 
also including a cam track portion at each end of 
said inclined portion, said cam slots each opera 
tively receiving a cam follower. 

19. An electric circuit breaker in accordance with 
claim 18 and including bolt means affixed at one end 
to said contact operating rod and extending through 
said contact loading compression spring means and 
also through a clearance hole in said cross piece of said 
U~shaped stirrup for de?ecting said contact loading 
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springs to a predetermined loading and for providing a 
positive connection between said cam follower and said 
contact operating rod when said cam follower is actu 
ated in a contact opening direction and permitting rela 
tive movement therebetween when said cam follower 
is actuated in a contact closing direction, said bolt 
means being adjustable to vary the de?ection of said 
contact loading springs and the contact closing stroke 
of said contact operating rod. 

20. An electric circuit breaker in accordance with 
claim 19 wherein each said movable contact operating 
means includes pivoted yoke means operatively con 
nected to said cam follower for guiding said other end 
of said contact operating rod in substantially straight 
line motion axially of said movable contact as said cam 
follower is actuated by said cam bar. 

* * =l<v * * 


