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ration of Delaware 

Filed Sept. 23, 1959, 56!‘. No. senses 
3 Claims. (oi. 74-425) 

This invention relates to electrical switches and more 
particularly to a mechanism for manually operating elec 
tric switches or other devices from a remote location. 

In electric power systems electric switches are fre 
quently mounted a considerable height above the ground 
on wooden poles or other structures which support elec 
trically live conductors at safe distances above traversed 
areas. To avoid having a lineman ascend the switch 
supporting structure when he desires to perform-a switch 
opening or closing operation, an elongated rotatable 
switch operating shaft is coupled to the switch and ex 
tends to a point accessiblev at ground level. In certain 
larger types of switching installations a considerable 
amount of torque is required to rotate the shaft and move 
the switch contacts to their open or closed positions. in 
such installations, gear reduction mechanisms are required 
in order to enable the opera-tor to operate the switch 
manually. 
Prior art gear reduction mechanisms'were provided 

with a cup shaped drivingmandrel for receiving theend 
.of vthe switch operating shaft. As a result, the shafts 

. utilized with such'devices had to be cut to a-predetermined 
size‘prior to their connectionto the gear reductionrnech 
anism. This was aggravated by the'fact that the zloca- ' 
tion of disconnect switches-in any ‘particular substation 
depends upon the vdesign of the substation and generally 
varies between .diiterent installations. 

In ‘addition, it is generally desirable for safety and ’ 
convenience, that all the operating mechanisms in a 
particular substation or system be designed to open their 
associated switches upon rotation in .a givendirection 
even though the directionofswitch operating shaft rota 
tion required to open various switches may be different. 
With certain prior art gear reduction apparatus the re 
versal of output rotation could-notibe achieved without 
complete disassembly. ~ t 

:It is. an object oftheinventionto provide agear reduc 
tion mechanism ,-for disconnect switches ‘which may .be 
mounted at party vverticallocation .relativeto the switch 
Without regard .to1,the length, ofthe switch ‘shaft. 
Zl'tlis another object ‘of theinvention toprovidefa gear 

{reduction ‘mechanism in which ‘the direction of output 
shaft rotationlmay . easily be reversed for any given di 
rectionof handle rotation. . 

It is a-furtherobject ofthe invention to provide a-gear 
reduction‘mechanism with a self-locldngcranking han~ 

, dlewhich cannot becomepdisengagedrfrom the inputshaft 
during rapid cranking. operations. 
- :It is yetanother objectof .the?invention toprovide a 
gear reduction»rnechanisma'for disconnect switches having 
adjustablestop means whichnprevents overcranking of the 

I ‘switch shaft and allows ‘wide?cxibility in the angle of 
‘ rotation. ‘ ‘ 

.‘Qther ; objects of'the ‘invention become apparent 
:from the detailed descriptionof ‘the invention-taken in 

' view-ofrthe accompanying ‘drawings in'which: ' 
‘ ' ‘>1. is anelevational view 'ofagear~reduction~mech~ 
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anism according to the instant invention applied to a 
disconnect switch; 

Fig. 2 is an elevational view of the gear reduction 
mechanism according to the instant invention illustrating 
certain of its advantages; ' - 

Fig. 3 is a view taken along lines 3—-3 of Fig. 2; 
Fig. 4 is aview taken along lines 4-4 of Fig. 3; 
Fig. 5 is a top plan view of the gear reduction mecha 

nism according to the instant invention; 
Fig. 6 is an exploded perspective view of a portion of 

the instant invention showing the adjustable stop means; 
7 and 

Fig. 7 is a view taken along line 7-.—7 of Fig. 5. 
Referring now to the drawings in greater detail-Fig. 1 

shows the gear reduction mechanism 10 according to 
the instant invention disposed in a housing 11 which is 
secured to a portion 12 of the substation superstructure 
by bolts 13. For purposes of illustration the mechanism 
is shown coupled to a rotating insulator, vertical air break 
switch 14 suitably mounted in vertical spaced relation 
above it on a horizontal superstructure cross member v15. 
The details of the particular air break switch illustrated 
in the drawing, are discussed in Patent No. ,2,830,l,44, 
assigned to the assignee of the instant invention and-form 
no part of the invention disclosed herein. It will sui?ce 
for the purposes of this disclosure to state that upon ro 
tation of the center insulator 16 in a ?rst directionmov 
able contact blade 18 will be rotated out ofengagement 
with ?xed contacts 20. Conversely, upon rotation of 
insulator 16 in anopposite direction switch blade 18 will 
be rotated into closed position as shown in Fig. 1. ‘A 
vertical shaft 22 connects rotatable insulatorzio to the 
gear reduction mechanism it? so that rotation of operat 
ing handle 24 in a'?rst ~direction will opendisconnect 
switch 14 and subsequent rotation ‘in the ‘opposite direc 
tion will reclose said switch. ' ’ 

Referring now speci?cally to Figs. 3, 4, ‘and 5,'the' 
gear ‘reduction mechanism according to the invention is 
shown to be coupled to the 'switch shaft 22 by‘ means of 
a driving clamp 26 and includes a driving mandrel 28 for 
transmitting power from a gear (3d and a pinion 32 to the 
driving clamp 26. Piniona32 is rotated manually byan 
operating handle ~34. _An adjustable stop assembly 35 is 
provided to limit the amount of shaft rotation to a me 
ascribed angle: 

:As can be seen ‘in Figs. 3, 4 and '5 the driving clamp 
26 comprises a pair of clamp members 36 andg36’ each 
of which includes ‘a clamping head 37 ands?’ respec 
tively anda body portion 33 and‘38’. Each of the‘driv 
ing clamps 36 and 36' has a semi-cylindrical surface 40 
and '40’ respectively disposed in opposed relation on op 
posite sides of the switch shaft 22. A pair of clamping 
portions 42 and 42’ extend tangentially from each of the 
clamping heads 37 and 37’ which are secured by bolts 
44 which extend through aligned openings in portions 42 
and 42’ and each of which ‘carries a head 45 at one end 
for embracing the outer surface of one clamping head and 
which threadably receives a nut 46 at its other. It can 
be seen that by tightening nuts 46 the clamping ‘heads 
37 and 37' will be forced together thereby embracing 
switch shaft 22 in a compressive relation betweensur 
faces 40 and 4h’. Each of the clamping heads ‘37 and 
37' ‘is rigidly secured to the switch shaft 22 ‘ by means 
of a pair of self-piercing set screws 48 and 48' which 
extend through radial threaded openings in‘each‘ ofthe 
clamping heads and whose inner, ends are forced through 
the surface of the switch shaft 22. 

‘ As shown in Figs. 3 and lithe body portions 38 and > 
,38' of clamp members 36‘ and 36' are each ‘provided 
with'a radially extending driving lug. 5t} and 50’ which 
are disposed in a pair of matching recesses-52 and 572’ 
jformedlin the interior of the driving mandrehzfi and 

7 Patented Mar. 14, 1961. 
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near its upper end. It can thus be seen upon rotation 
of driving mandrel 28, recesses 52 and 52’ engage lugs 
50 and 50' respectively to rotate the clamping head 26 
and thus the switch shaft 22. 
Disposed at the right side of the housing 11 as viewed 

in Fig. 4 is a pinion bearing assembly 54 which rotatably 
The bearing as 

sembly 54 is of the roller type and allows rotation of 
pinion 32 with a minimum of frictional drag. 
The illustrated gear 30 and pinion 32 are of the 

“Spiroid” type although it will be understood that any 
suitable gear may be utilized. Gear 30 is mechanically 
coupled to driving mandrel 28 by means of a pair of keys 
58 residing in opposed keyways 60 and 62 disposed in 
each of the opposite sides of the driving mandrel 28 and 
the gear 30 respectively. 
The driving mandrel 28 is rotatably supported in hous 

‘ing 11 by means of upper and lower ball bearing assem 
blies 64 and 66 respectively. An annular outer face 68 
and 69 for each of the bearing assemblies 64 and 66 
respectively is disposed in suitably formed inwardly ex 
tending continuous ?ange portions 70 and 71 integrally 
formed at the upper and lower ends of the housing 11 
and which surround the switch shaft 22. The inner race 
72 of the upper ball bearing assembly 64 is integral with 
the outer surface of driving mandrel 28 near its upper 
end and is formed by the junction of the surfaces of an 
outwardly extending ?ange portion 74 and the outer 
surface of the main body of the driving mandrel itself. 
A cylindrical sleeve member 75, telescopically engaging 
the driving mandrel 28 at its lower end, and having 
an outwardly extending annular ?ange 76, forms the 
inner race 78 for the lower ball bearing assembly 66. 
The lower end of driving mandrel 28 is provided with 

a threaded portion 80 for receiving a locknut 82 and a 
lockwasher 84 which supports the gear 30 and secures the 
ball bearing assemblies 64 and 66. 
The adjustable stop assembly 35 is shown in Fig. 6 

to include ?rst and second stop rings 86 and 87 respec 
tively. The upper surface of the ?ange 74 on driving 
mandrel 28 is provided with serrations 88 which co 
operatively engage matching serrations 89 in the lower 
surface of a ?rst stop ring 86. Similarly, the upper 
surface of stop ring 86 is ‘provided with serrations 90 
for cooperatively engaging matching serrations 92 on the 
lower surface of a second stop ring 87. Each of the 
stop rings 86 and 87 is provided with an outwardly ex 
tending enlarged stop portion 96 and 98 respectively for 
cooperatively engaging an upwardly extending stop 100 
integral with the upper end of the housing 11 thereby 
limiting the driving mandrel’s angle of rotation. 

In assembly the ?rst stop ring 86 is placed on ?ange 74 
with enlarged portion 96 disposed at a ?rst prescribed 
angle relative to stop 100. and with serrations 88 and S9 
in meshing engagement. Similarly the second stop ring 
87 is placed on the ?rst stop ring 86 with enlarged por 
tion 98 disposed at a second prescribed angle relative to 
stop 100 and with serration 90 and 92 in engagement. 
A retaining ring 102 is then placed over the upper side of 
stop ring 87 and the assembly is secured by bolts 103 
(only one of which is shownin Fig. 6). Serrations 105 
on the upper surface of stop ring 87 are not utilized but 
are shown in the drawings to illustrate that stop rings 
86 and 87 are identical although the latter is reversed 
relative to the former so that stop portion 96 extends up 
wardly while stop portion 98 extends downwardly. 

It can thus be seen that a rigid connection is achieved 
between driving mandrel 28 and stop portions 96 and 98 
so that clockwise rotation of driving mandrel 28, as view 
ed in Fig. 4, is limited by the stop portion 98 while clock 
wise rotation thereof is limited by stop portion 96. If it 
is desired to change the driving mandrel’s angle of ro 
tation in either direction, stop rings 86 and 87 are merely 
removed and replaced with stops 96 and 98 in the proper 
positions relative to stop 100 to provide the desired angle 
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of rotation. Hence, because of the wide range of angles 
available with the adjustable stop assembly 35 the gear 
reduction mechanism according to the instant invention 
can be adapted to a large variety and types of switches. 
Also, it can be seen that :by adjusting the angle of rota 
tion of the switch shaft 22 in both the switch opening and 
closing directions, overcranking of the switch by the oper 
ator is prevented. 

As seen in Fig. 3 driving mandrel 28 has an axial bore 
101 extending therethrough which increases the device’s 
?exibility in two important respects. First, this allows 
the gear reduction mechanism according to the invention 
to be located at any vertical location relative to the switch 
14 without regard to the length of the switch shaft 22. 
This is illustrated in Fig. 2 wherein full lines show the 
gear reduction mechanism 10 located on a ?rst cross 
piece 12 adjacent the end of the switch shaft 22. If it 
is desired, however, to move gear box mechanism 10 to 
a second superstructure member v12’ located intermediate 
the ends of the switch shaft 22, bolts 13 are removed, 
nuts 46 are loosened and the self-piercing set screws 48 
are rotated out of engagement with the switch shaft 22. 
This frees the assembly for vertical movement relative to 
switch 14 to a second superstructure member 12', where 
upon bolts 13 and nuts ‘46 are retightened and self-pierc 
ing set screws are again forced into the switch shaft 22 
at this new location. 
Another important advantage of the mechanism over 

prior art devices is illustrated by a comparison of Figs. 
1 and 2. ‘In Fig. 2, it can be seen that clockwise rotation 
of switch handle 24 produces clockwise rotation in switch 
shaft 22 and rotatable insulator 16. In Fig. 1, on the 
other hand, it can be seen that clockwise rotation of 
handle 24 produces a counterclockwise rotation of switch 
shaft rotatable insulator 16. This reversal of direction 
in switch ‘shaft rotation for any given direction of handle 
rotation is achieved by assembling the device with the 
housing 11, the gear 30, and pinion 32 in a reversed 
position with respect to that shown in Fig. 3. In other 
words, the housing 11, the gear 30, and the pinion 32 
are turned upside down from their position shown in 
Fig. 3 and then reassembled on the driving mandrel so 
that the gear 30 is upside down. This allows the direc 
tion of mandrel and, hence, switch shaft rotation to be 
reversed for any given direction of handle rotation. In 
this manner, uniformity of handle rotation for opening 
and closing of switches in any particular substation may 
be achieved even though the direction of shaft rotation 
necessary to operate various types of switches may be 
different. As a result, inadvertent opening or closing of 
switches by rotating of the handle in a wrong direction 
is substantially minimized. When the housing 11 is in 
this reversed position, a second stop member 100', shown 
at the lower end of said housing in Fig. 3, is in position 
to be engaged by stop portions 96 and 98. 

It has been found that when the disconnect switch 
14 is coated with ice, rapid handle rotation is necessary 
in order to generate sufficient speed to break the ice and 
thereby close or open the switch. ‘For this reason, handle 
24 is provided with a resilient retaining. clip‘ 104 to pre 
vent the handle from “?ying off" and striking the operator 
during such rapid operations. Referring now to Fig. 
4, switch handle 34 is shown to be provided with a 
socket 106 near one end for engaging the end of the 
pinion shaft 56 and a hub 108 having an axial bore 110 
in registry with socket 106. A ?rst portion of the re 
taining clip 104 is disposed between the end of the switch 
handle 34 and hub 108 and has an opening 111 in align 
ment with bore 110 to allow the end of pinion shaft 
56 to pass through. A vplurality of screws 112 which 
pass through suitably threaded openings in the end of 
the switch handle 34 and hub 108, secure said hub and 
retainingclip 104 in position. As shown in Fig. 4, re 
taining'clip 104 is bent back upon itself at a point adja 
cent the end of the handle 34 and toward the pinion: 
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‘shaft 56 to form a rearwardly extending portionlli‘t 
which includes atsecond opening 114 for ‘receiving pinion 
shaft 56 at a point beyond the end of hub 108 and 
which terminates in a ?nger tab 116. When it is desired 
to place handle 34 on pinion shaft 56, ?nger tab 116 is 
depressed to the dotted position shown in Fig. 4 to place 
opening 114 in substantial registry with bore 110 of hub 
108 and the assembly is placed on shaft 56. When the 
handle is in position, ?nger tab 116 is released and the 
resiliency of member 1524 returnsportion 113 to its full 
position shown in Fig. 4 wherein the upper and lower. 
edges of opening 114 are forced into tight compressive 
relation with pinion shaft 156. As a result, handle 34 
is “locked” to the end of pinion shaft 56 until ?nger 
tab 116 is again depressed whereupon said handle may 
be removed. 
As seen in Figs. 5 and 7 handle 34 is provided with 

an {aperture 118 adjacent the hand grip 119‘ having a 
con?guration similar to that of the end of the pinion 
shaft 56. This allows handle 34 to be placed in a storage 
position, shown by dotted lines in Fig. 5, with the end 
of pinion shaft 5d in aperture 118 and with a second 
elongated aperture 120 adjacent hub 108 disposed over a 
locking car 122 integral with the side of the housing 11. 
It can be seen that when the handle is in its stored posi 
tion, accidental rotation of the pinion shaft 56 is im 
possible‘ so that the switch can neither he accidentally 
opened or closed without removal of the handle from 
its stored position. Locking ear 122 may be provided 
with an aperture for receiving a conventional padlock 
123 so that removal of handle 34' and’ operation of the 
switch by unauthorized persons may be prevented. 
While only a single embodiment of the invention has 

been shown and described, it is intended to cover in the 
appended claims all modi?cations which fall within the 
true spirit of the invention. 

I claim: 
1. An operating mechanism for an electric switch pro 

vided with an actuating shaft, said operating mechanism 
having a housing'and driving means rotatably mounted 
therein, stop means rigidly secured to said housing, said 
driving means having a ?rst indexing means, a ?rst stop‘ 
ring having second and third indexing means and a 
radially extending stop‘ portion, a second stop ring hav 
ing a radially extending stop portion and a fourth in 
dexing means, said ?rst and second indexing means and 
said third and fourth indexing means being releasably 
engageable to position, each of said stop rings in one of 
a plurality of positions relative to said stop means so 
that said rings and said stop portions are rotatable with 
said driving means, said stop means lying in the path 
of said, stop» portions so that the angle that said driving 
means is free to rotate in either direction is limited to 
a prescribed value predetermined by the angular positions 
of said stop rings. ‘ 

2. An operating mechanism for an electric switch pro 
vided with an actuating shaft, said operating mechanism 
having a housing and driving means rotatably mounted 
therein, said driving means having a serrated surface 
substantially normal to its axis of rotation, a ?rst stop 
ring having serrations on each of its opposite faces and 
a radially extending stop portion, one of said serrated 
faces meshingly engaging said serrated surface, a second 
stop ring having a radially extending stop portion and 
at least one serrated face meshingly engaging the other 
serrated face of said ?rst stop ring whereby said ?rst 
and second stop rings and said step portions are rotatable 
with said driving means, stop means rigidly secured to 
said housing and lying in the path of said stop portions 
so that the angle that said driving means is free to rotate 
in either direction is limited to a predetermined value, 
and means for rigidly connecting said driving means to 
said actuating shaft. 7 ,, 

3. An operating mechanism for an electric switch pro 
vided with'an actuating shaft, said mechanism including 
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v6 
a housing having a pair of apertures formed in substan 
tially opposite sides thereof for receiving said actuating 
shaft and bearing means substantially coaxial with said 
opening, a driving mandrel, a ?rst holding means for 
releasably securing said driving mandrel for rotation in 
said bearing means, said driving mandrel having an axial , 
bore therethrough for slidably receiving said actuating 
shaft, means for releasably connecting said driving 
mandrel to said actuating shaft so that rotation of said 
driving mandrel in a ?rst direction will operate said switch 
toward open position and rotation thereof in an opposite 
direction will operate said switch toward closed position, 
reversible gear reduction means including a ?rst gear 
means disposed within said housing and surrounding said 
driving mandrel and a second gear means meshing‘ly en 
gaging said ?rst gear means and including a driving shaft 
rotatably mounted in said housing, and a second hold 
ing means for releasably securing said ?rst gear means to 
said driving mandrel so that rotation of said driving shaft 
in one direction will turn said driving mandrel in its 
?rst direction, said housing and said ?rst gear means being 
reversible relative to said driving mandrel upon the re 
lease of said ?rst and second holding means so that 
said‘ actuating shaft extends through the other. of said 
apertures and said driving mandrel rotates_‘ in its op 
posit'e direction upon‘ rotation of said driving shaft in 
said one direction. ' 

4. An operating mechanism for an electric switch op 
erable upon rotation of an actuating shaft connected there 
to, said mechanism including a housing having‘ a pair of 
apertures formed in substantially opposite sides thereof 
for receiving said actuating shaft, a driving mandrel 
rotatably mounted in said housing in a substantially co 
axial relation relative to said apertures, a ?rst releasable 
holding means for securing said driving mandrel in said 
housing, said driving mandrel having an axial bore there 
through for slidably receiving said actuating shaft through 
one of said apertures and being releasably connected to 
said actuating shaft so that rotation of said driving 
mandrel in a ?rst direction will operate said switch toward 
open position and rotation thereof in an opposite direc 
tion will operate said switch toward closed position, re 
versible gear reduction means disposed Within said hous 
ing and including rotatable driving shaft means, and re 
leasable holding means for operatively connecting said 
gear reduction means to said driving mandrel so that 
rotation of said driving shaft means in one direction will 
turn said driving mandrel in its ?rst direction, said hous 
ing and said gear reduction means being reversible rela 
tive to said driving mandrel and said switch shaft upon 
the release of said ?rst and second holding means so that 
said actuating shaft extends. through the other of said 
apertures and said driving mandrel rotates in its opposite 
direction upon rotation of said driving shaft means in 
said one direction. - 

5. An operating mechanism for an electric switch hav 
ing an actuating shaft, said mechanism including a hous 

' ing, a driving mandrel operatively connected to said actu 
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ating shaft, a ?rst holding) means for releasably securing 
said driving mandrel for rotationv in said housing, a re 
versible gear reduction means including a ?rst and second 
gear means in meshing engagement, a second holding 
means for releasably connecting said ?rst gear means 
to said driving mandrel so that rotation of said second 
gear means in a first direction will operate said driving 
mandrel and said actuating shaft in a switch closing di 
rection and rotation thereof in a second direction will 
operate said driving mandrel and said actuating shaft in 
a switch opening direction, said housing and said gear 
reduction means being reversible relative to said driving 
mandrel upon the release of said ?rst and second holder 
ing means so that rotation of said second gear means in 
its first direction will rotate said driving mandrel in a 
switch opening direction. . ' 

6. A ‘gear reduction mechanism for an electric switch 
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‘having an actuating shaft, said mechanism including driv 
ing mandrel means securable to said shaft means, means 
including a shaft for rotating said driving means to op— 
erate said switch, a handle for said shaft having a socket 
slidably engageable with said shaft to form a driving 
connection therewith, a substantially V-shaped spring clip 

'rneans having a pair of normally non-parallel legs, one 
of said legs being secured to said handle and having an 
opening formed therein and disposed in substantial regis 
try with said socket, said other leg having an opening 
formed therein whose axis is normally inclined relative 
to the opening in said one leg, said other leg being 
movable toward parallelism with said ?rst leg in opposi 
tion to the resiliency of spring clip means to move the 
opening therein toward coaxiality with the opening in 
said ?rst leg so that said openings are slidable over said 
shaft, release of said other leg for movement toward its 
normal position under the in?uence of said resiliency 
causing the edges of its opening to engage the sides of 
said shaft thereby preventing axial movement of said 
socket relative to said shaft. 

7. An operating mechanism having a housing and driv 
ing means rotatably mounted therein, stop means rigidly 
secured to said housing, said driving means having a 
?rst indexing means, ?rst and second stop members each 
having indexing means and a stop portion extending 
therefrom, the indexing means on said ?rst and second 

a stop members being releasably engageable with said ?rst 
indexing means to position each of said stop portions 
in one of a plurality of positions relative to said stop 
means and so that said stop members are rotatable with 
said driving means, said stop means lying in the path 
of Said stop portions so that the angle that said driving 
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means is free to rotate in either direction is limited to 
a prescribed value determined by the position of said 
stop members. 

8. An operating mechanism including driving means 
and means'including a shaft for rotating ‘said driving 
means, a removable handle for said shaft, socket means 
formed in said handle and having an opening for re 
ceiving said shaft to form a driving connection there 
with, spring clip means having a pair of normally non 
parallel legs, one of said legs being secured to the 
handle adjacent said socket, said other leg having an 
aperture formed therein whose axis is normally inclined 
relative to the opening in said socket, said other leg 
being movable toward parallelism with said ?rst leg in 
opposition to the resiliency of said spring clip means 
to move the aperture therein toward coaxiality with. the 
opening in said socket means so that said aperture is 
slidable over said shaft, release of said other leg for 
movement toward its normal position under the in?uence 
of said resiliency causing the edges of its opening to 
engage the sides of said shaft thereby preventing axial 
movement of said socket relative to said shaft. 
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