npmpan -

Feb. 21, 1961 J. A. FAVRE 2,972,259

STORED ENERGY QOPERATING MECHANISM FOR SWITCHES

Filed Dec. 31, 1959 4 Sheets-Sheet 1

Inventor:
Jaohmn A. Favre,

by g ¥ rtartdnnans
: is Attorney.



Feb. 21, 1961

STORED ENERGY OPERATING MECHANISM FOR SWITCHES

Filed Dec. 31, 1959

INCH POUNDS OF 70RQUE

800+

800+

700+

600

$00 -

J. A. FAVRE 2,972,259

4 Sheets-Sheet 2

400

300

2004

/004

Invehtor:‘
Jaohn A. Favre,
b y - M(
is Attorney.



Feh. 21, 1961 J. A. FAVRE 2,972,259

STORED ENERGY OPERATING MECHANISM FOR SWITCHES

Filed Dec. 31, 1959 4 Sheets-Sheet 3

Inventor:
Johmn A. Favre,
3

is Attorney..



Feb. 21, 1961 J. A. FAVRE 2,972,259

STORED ENERGY OPERATING MECHANISM FOR SWITCHES

Filed Dec. 31, 1959 4 Sheets~Sheet 4

Fre.8
A '$ : 5
j ‘ 282,
g 27
2 L = - /
z Iy=
29— NE_— 2ok
a4 %
AL | o

24

Inventor:
John A. Favre,

by

. ast
is At ormey



United States Patent O

2,972,259
Patented Feb. 21, 1961

CcC

2,972,259
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§ Claims. (CL 74—97)

This invention relates to stored energy operating devices
and more particularly to a stored energy operating device
that are especially suited for high speed closing of medium
and large circuit interrupters and it has for an object the
provision of a simple, reliable, compact and inexpensive
device of this character.

Proper manual operation of & circuit interrupter re-
quires experience or “feel” on the part of the operator,
and accordingly, a further object of this invention is the
provision of a stored emergy type operating device that
automatically effects proper operation that avoids ex-
cessive arcing on opening and the danger of strike on
closing while requiring from the operator no more than
application of a substantially constant force to charge
the energy storage device.

Still another object of the invention is the provision
of an energy storage operating device for switches in
which the level of the force required for charging opera-
tion is kept as low as possible in order to provide maxi-
mum ease of operation.

A still further object of the invention is the provision
in a stored energy switch operating device of means of
varying the energy pay out of the storage device so as
approximately to maich the force curve of the switch
-that is to be operated thereby. :

Other objects of the invention will manifest them-
selves from a reading of the following specification.

In carrying the invention into effect in one form thereof,
an operating mechanism for a switch is provided with an
energy storage device that is fully charged before any
motion of the switch occurs. This is accomplished by
means of a toggle and a lost motion driving connection
interposed between a crank and the energy storage device
to provide for charging the latter in response to rotation
of the crank to extend the toggle. Discharge of the
energy storage device to actuate the switch follows the
movement of the toggle past dead center. An additional
lost motion device included in the driving connection
between the toggle and the crank prevents shock to the
crank during discharge. A variable position connection
between the toggle and a pivoted link in the driving con-

‘mection from the toggle to the energy storage device pro-

vides a variable moment arm around the pivotal axis of
the link for any force that is transmitted between the
toggle and such link. This results in approximately
matching the energy pay out of the storage device with
the requirements of the switch. . .

For.a better. and moré complete understanding of the
invention reference should now be had to the following
specification and to the accompanying drawings in which:

Fig. 1 is_a view in perspective of a stored energy switch
operating mechanism embodying certain features of the
invention; :

Fig. 2 is a view in front elevation of a preferred form
of the invention; -

" Figs. 3,4 and 5 are diagrammatic sketches illustrating
relative positions of the parts of the Fig. 2 modification
during a switch closing operation;
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Fig. 6 is a chart of characteristic curves which facilitate
an understanding of the invention;

Fig. 7 is a view in elevation of a detail;

Fig. 8 is a side view partly in section of the detail shown
in Fig. 7, and

Fig. 9 is an exploded view, partially schematic of an
improved form of the modification of Fig. 2.

Referring now to the drawing and particularly to Fig. 1
the contacts of a circuit interrupter switch (not shown)
are cpened and closed by rotation of a shaft 1 that is
rotatably mounted on a suitable support such as the
switch housing. Contact opening and closing forces are
imparted to the shaft 1 from an energy storage device
such as spring 2 acting through a linkage mechanism and
an operating shaft 3 which, owing to its angular dis-
position with respect to switch shaft 1 is connected to
the latter through bevel gears 4 and 5. The linkage
mechanism comprises a crank link 6 and links 7 and 8
the latter two of which are pivotally connected and
mounted to constitute a toggle connection between the
operating shaft 3 and the crank link 6. As shown, the
crank link 6 is fixedly secured to a shaft 9 which is suit-
ably mounted on the supporting housing for rotation,
thereby to provide for rotation of crank link 6 about
the axis of the shaft, whereas the end of toggle link 8
remote from the knee of the toggle is provided with a
hub portion 8a that is mounted on the operating shaft
3 but is not pinned or keyed to it and consequently is
freely rotatable thereon.

One end of the spring 2 is anchored to the support.
Between its opposite and and the crank link 6 is provided
a driving connection that is illustrated as comprising a
cable 10 and a pulley 11 that is fixedly secured to the
crank link 6 so as to rotate therewith.

For the purpose of charging the spring 2, a crank
member 12 is provided. It has a hub portion 124 that
is mounted on the operating shaft 3 but is not pinned
nor keyed to it and hence is free to rotate on it. On
the hub 8z are a pair of axially extending lugs 13 and
14 that are circumferentially spaced apart approximately
125 degrees. A similar lug 15 on crank hub 12a pro-
jects axially into the space between lags 13 and 14 and
cooperates with them. The circumferential span of each
of the lugs is only a few degrees of arc and hence there
is approximately 120 degrees lost motion between the
crank 12 and hub 8a when one is rotated with respect
to the other. Between the operating shaft 3 and the
toggle link 8 is provided a similar lost motion driving
connection that comprises an arcuate shaped slot 16 in
the link 8, a crank pin 174 that is secured to a crank
member 17 fixedly mounted on shaft 3 in such position
that the crank pin extends into the slot.

In order that the spring 2 may be charged by applica-
tion of comstant torque to the handle of crank 12 the
circumference of pulley 11 is made eccentric to com-
pensate for the gradient of the spring 2.

With the foregoing understanding of the elements and
their organization the operation of the Fig. 1 modifica-
tion will readily be understood from the following de-
scription.

The crank 12 is assumed to be manually operated
and it is illustrated in the switch contact open position.
To close the switch, the crank is rotated in a counter-
clockwise direction. The engagement of lug 15 with lug
13 effects a corresponding counterclockwise rotation of

. hub 8a and of the link 8 of which it is a part. Owing to
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the free rotation of -hubs 124 and 8z on. the operating
shaft 3 and further owing to the initial lost motion: be-
tween the slot 16 and crank pin. 17« the shaft 3 remains
motionless. As the counterclockwise: rotation of the
crank 12 and toggle link 8 proceeds the toggle becomes
fully extended, i.e., straightened, and this effects counter-
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clockwise rotation of the crank link 6 which in turn

causes the pulley 11 to rotate in a counterclockwise di-
rection to temsion the spring 2. During charging, the
spring gradient is compensated by the eccentricity of the
pulley 1% and consequently the hand of the operator on
the crank 12 experiences a more uniform force.

When the toggle is in iis fully extended position, the
spring & is fully charged; however, at this point the
lower end wall of the slot 16 has approached closely to
but has not vet engaged the crank pin 17a. Consequent-
Iy, up to this point in the operation the switch operating
shaft 3 has remained entirely motionless and the mov-
able switch contact has not started to close. Continua-
tion of the counterclockwise of the rotation of the crank
12 for the few degrees necessary to cause the end of
slot 16 to engage the crank pia 17a carries the knze of
the toggle, i.e., toggle pin 7z past the dead center posi-
tion. This occurs as the end of slot 16 engages the
crank pin 17a. In this position, the spring is connected
to the switch operating shaft 3 through the crank link
6, toggle links 7 and 8 and slot 16 and crank pin 17a
and crank 17. As the toggle passes its dead center po-
sition, the spring begins to discharge thereby reversing
the direction of rotation of crank link 6 and continuing
the counterclockwise rotation of toggle link 7. Since
the spring 2 is now connected to the switch operating
shaft 3 through the slot 16 and crank pin 17a its dis-
charge rotates the switch operating shaft and causes it
to close the switch contacts. The continued counter-
clockwisz rotation during the closing operation moves
the lug i3 away from lug 18 and moves lug 14 toward
lug 15 to take up the lost motion. However, the con-
tacts of the switch are fully closed and the rotation of
the hub 8a is arrested very slightly before the lug i4
engages the lug 15; consequently no shock is delivered
to the hand of the operator.

To open the switch, the crank 12 is rotated in the
opposite or clockwise direction. Engagement of the lug
15 with lug 14 initiates clockwise rotation of toggle link
8 to extend the toggle and rotate ¢rank link 6 in a coun-
terclockwise direction to charge the spring without ef-
fecting any rotation of the switch operating shaft 3. As
the clockwise rotation of the toggle link 8 is initiated,
the right-hand end of slot 16 leaves crank pin 174 and
the opposite end of the slot moves toward it. As in the
previously described operation the spring continues to
charge until the toggle becomes fully extended. At this
point the left-hand end of slot 16 engages the crank pin
174 to connect the spring to the switch operating shaft
3. The ensuing discharge of the spring continues the
clockwise rotation of toggle link 8 and operating shaft
3 to open the switch. In the fully opened position of
the switch, the toggle links 7 and & are’in the positions
in ‘which they are illustraied in Fig. 1 and the Iug 15 is
separated from the lug 13 by a very small clearance.

Thus it wili be seen, that during the charging of the
spring preparatory either to opening or closing the switch,
the switch operating shaft 3 remains motionless and the
discharge of the spring either fo open or close the switch
does not impart a blow like impact to the operator’s
hand.

The modification illustrated in Fig. 2 is somewhat
similar to the Fig. 1 modification and accordingly cor-
responding parts have the same reference characters.
Primarily, the Fig. 2 modification differs from the Fig. 1
modification in that the toggle pin 7a -is radially movable
with respect to the center of rotation of crank link &
whereas in the Fig. 1 modification it is connected to the
crank link 6 at 2 constant distance from the ceater. To
p:ovide this radial movement, the crank link & is bifur-
cated-at one end to provide a slot 2% in which the pin
7a moves.
the axis of rotation .of the crank link € is effected by
means. of a generally U-shaped link I8 having one ex-

Movement of the pin toward or away from.
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tremity pivotally connected to the pin 7a and having its
other extremity pivotally connected to the supporting
housing. '

With the foregoing understanding of the elements and
their organization in the Fig. 2 modification, its operation
will readily be understood from the following descrip-
tion. In a general way the operation is the same as that
of the Fig. 1 modification but differs therefrom in the
important respect in that the U-shaped lick 18 moves
the pin 7a radially with respect to the axis of rotation
of crank link 6 and thus provides with respect to this
axis, a variable moment arm for any force transmitted
between the crank link 6 and the toggle 7, 8 This is
illustrated by the linkage diagrams in Figs. 3, 4 and 5.
In Fig. 3 which illustrates the relative positions of the
links when the switch contacts are open, the pin 7a has
a position near the bottom of the radial slot 21, ie.,
closest to the center of rotation of crank link 6. Rota-
tion of the crank 12 to charge the spring causes the pin
7a to apply a force normal to the wall of the slot. Since
the pin 7a is closest to the bottom of the slot at the con-
tact open position the moment arm of such force with
respect to the axis of rotation of crank link 6 has mini~
mum value.

As the toggle links 7 and § move toward the extended
position during the spring charging operation, the U-
shaped link 18 moves the pin 7a radially outwardly in
the slot thereby increasing the moment arm of the force
of the pin 74 against the crank link 6 about the axis of
rotation of the latter. In the fully extended position of
the toggle, the spring is fully charged and as shown in
Tig: 4, the pin 7a is 2t its maximum radially outward
displacement from the axis of rotation of link 6. Con-
sequently the moment arm has its maximum value at
this point.

Movement of the toggle past dead center and through
the angle of repose permits the spring 2 to take over,
reverse the rotation of crank link & to continue the rota-
tion of the toggle links 7 and 8 thereby to initiate the
closing stroke of the switch. Although fully charged at
this take over point, the spring, owing to the maximum
radially outward position of the pin 7a has minimum
n}echanical advantage with respect to the force of the
pin 7a against the link 6 which is the force of the switch’s
resistance to closing.

As the spring continues to discharge and collapse the
toggle, the U-shaped link 18 moves pin 7a radially in-
wardly thereby decreasing the moment arm of the resist-
ing force of the switch, i.e., the force of pin 7a against
link 6. In the fully closed position of the switch, the
pin 7a, as illustrated in Fig. 5 is in its position nearest
to the axis of rotation of link 6 and consequently the
moment arm of the force of pin 7a against link 3 at this
point is minimum and the mechanical advantage of the
spring force with respect to its is maximum.

Similarly, during the opening operation, the moment
arm is minimum at the beginning of the charging of the
spring, maximum at the take over point when the fully
charged spring is initiating the opening movement of the
switch and minimum again when the switch is fully open.

The effect of the variable moment arm and associated
linkage is graphically illustrated by force curves in Fig. 6
in which abscissae represent degrees rotation of the switch
operating shaft 3 from its switch open position at zero
degrees and ordinates represent inch pounds of torque.
The curve 22 is the manual static curve for opening the
switch. It represents the relationship between the static
torque on the switch operating shaft and the degrees
rotation of this shaft from the open position of a switch
that is typically representative of switches to which this
invention may advantageously be applied. Such a switch
may be assumed to have main contacts and arcing con-
tacts combined on a moving contact assembly. On curve
22 the ordinates between points 22 and 22b represents
the torque that must be applied to slide the movable main
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contact on its cooperating stationary contact during the
contact separating movement. The maximum value
point 22¢ is the torque required at the point of separation
of the arcing contacts which occurs at approximately 34
degrees from the fully open position of the switch. The
horizontal curve 23 represents the nearly constant torque
which the spring 2 applies at the periphery of the ec-
centric portion of the crank link 6 during the opening and
closing operaticns and the curve 24 represents the torque
which, by virtue of the varying moment arm and the
linkage, the spring applies to the switch operating shaft
during the opening operation.

Curve 25 is the static manual force curve for the clos-
ing operation on normal rated load current and represents
the relationship between the torque on the switch operat-
ing shaft and the degrees rotation of the shaft from the
open position. The torque which the spring, as a re-
sult of the varying moment arm and linkage, applies to
the switch operating shaft is represented by the curve 26.
Maximum value point 252 of curve 25 represents the
torque required to cause the movable main contact to
spread  the fingers of the cooperating stationary con-
tacts. ‘This occurs at approximately 95 degrees rotation
of the switch shaft from the switch open position.

The net effect of varying the moment arm of the force
of pin 7a against crank link 6 is that:

(1) The mechanical advantage of the spring 2 is varied
inversely with the charge of the spring, i.e., is increased
as its stored energy decreases and is decreased as the
stored energy increases.

(2) The mechanical advantage of the spring is gen-
erally directly proportional to the resisting force of the
switch, i.e., maximum or minimum when the resisting
force is maximum or minimum respectively.

Following the separation of the main contacts during
the.opening stroke of the switch, there remains stored in
the spring sufficient energy to accelerate the movable
main and arcing contact assembly to such a high velocity
as would interfere with the proper cooling and extinguish-
ment of the arc after separation of the arcing contacts.
In order to prevent the movable contact assembly from
attaining such an undesirably high speed, a suitable
motion damping time delay device, such for example, as
the dash pot 27 illustrated in Figs. 7 and 8 is provided.
It is shown as comprising a stationary plunger 28 and a
cooperating relatively movable cylindrical fluid container
29. The diameter of the plunger disk plus a slight clear~
ance is equal to the inside diameter of the cylinder except
for that portion of the cylinder which is situated beneath
the bottom surface of the plunger disk in its injtial or
rest- position in which it is illustrated in Fig. 7. The
diameter of this lower portion is somewhat greater than
the diameter of the disk 282 with the result that when
the top surface of the disk is below the top of the en-
larged diameter portion oil moves freely from the space
beneath the ‘disk to the space above as though passing
through an open valve. A compression spring 2%z be-
tween ‘the bracket 31 and the top of the cylinder biases
the cylinder in a downward direction. As shown, the
plunger 28 is fixedly mounted on the front panel 30 of the
switch housing by means of an angle mounting bracket
31. The cylinder 29 is supported on a suitable pivotal
mounting accessory 32 that is pivotally connected to the
switch shaft 1 by means of arms 33 each having one
extremity fixedly mounted on the switch shaft and having
opposite ends pivotally connected to links 34. Trun-
nions 35 on the mounting accessory extend into elon-
gated slots 344 in the links 34. The design is such that
during a little more than half of the rotation of the switch
shaft 1 during the opening stroke, the links 34 rotate to
provide relative movement of the trunnions 35 and the
slots 34a without producing any movement of the cylin-
der. After this amount of rotation, the parts are in the
position in which they are illustrated in- Fig. 7 with the
trunnions 35 in engagement with the bottom end wall of
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6 .
the slot. During the next following portion of the rota-
tion of the shaft, the cylinder is moved relatively upward
with respect to the plunger. An initial portion of this
upward movement equal to the thickness of the plunger
disk takes place at a rate that is determined by the rate
of escape of oil through the hole 285 in the plunger disk,
This rate of upward movement is sufficiently low to re-
tard the speed of rotation of the switch shaft during the
corresponding part of its rotation (in the switch opening
direction) and that of the movable contact assembly
which is driven thereby to a value that will promote ef-
fective cooling and extinguishment of the arc. As the
top of the enlarged diameter portion of the cylinder rises
above the top surface of the plunger disk of the cylinder,
oil escapes freely around the edge of the disk with the
result that the switch shaft and movable contact assem-
bly are again accelerated to high speed.

During the closing stroke of the switch the conical
spring 29a resets the cylinder to its initial position in
which it is illustrated in Fig. 8. :

The modification of Fig. 9 differs from the modifica-
tion of Fig. 2 mainly in the structure of the lost motion
connection between the crank and the toggle and between
the toggle and the switch operating shaft 3. As shown,
the toggle arm 8 is lengthened to provide a crank arm
8b extending from the hub 8a in the opposite direction
and the crank hub 12q is provided with a crank pin 36
that extends axially to intersect the plane of rotation of
extension 85, When the switch is in the closed position
the parts occupy the positions in' which they are illus-
trated in Fig. 9 with the knee end of toggle arm 8 abut-
ting against a stop 37.

To open the switch the crank 12 is rotated in a clock-
wise direction as in .the modification of Fig. 2. This
causes the crank pin 36 to engage the toggle arm exten-
sion 85 and rotate it in a clockwise direction to extend
the toggle and charge the spring, During the spring
charging operation the toggle arm 8 is out of engagement
with crank pin 174 and consequently no rotation is im-
parted to the switch operating shaft 3 and the switch
shaft 1, .

After the toggle has passed through dead center and
a small additional angle of repose, the lug 38 on crank
hub 124 abuts against stop 39 and further clockwise rota-
tion of the crank 12 is prevented. At this point in face
8c of the toggle arm is in engagement with crank pin
17a and the spring takes over to continue the clockwise
rotation of the toggle arm. This effects rotation of the
switch operating shaft 3 in a direction to open the switch.
At the end of the opening stroke, the toggle arm 7 is
stopped by the stop 40 with the toggle arm 8 just short
of engagement with crank pin 36.

To close the switch the crank 12 is rotated in a counter-
clockwise direction. At the end of the closing stroke the
parts are in the position illustrated in Fig. 9,

Although in accordance with the provisions of the pat-
ent statutes this invention is described as embodied in
concrete form and the principle of the invention has been .
explained together with the best mode in which it is
now contemplated applying that principle will be under-
stood that alterations and modifications will readily sug-
gest themselves to persons skilled in the art without de-
parting from the true spirit or from the scope of the an-
nexed claims.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. In combination, a support, an operating shaft for
actuating the movable contact member of a switch, a
crank member rotatably mounted on said support, an
energy storing spring mounted on said support, a crank
link pivotally mounted on said support and provided with
an eccentric force transmitting member connected to
said spring, a toggle having a first arm pivotally mounted
for rotation with respect to said support and having a
driving connection to said crank member, a second
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toggle arm pivotally connected to said first arm and to

said crank link to provide exteuding said toggle and
charging said spring in response to rotation of said crank
member, a lost motion driving connection between said
first toggle arm and said operating shaft to permit said
shaft to remain motionless during charging of said
spring and to effect rotation of said shaft in response to
discharge of said spring, and a second lost motion driving
connection between said first toggle arm and said crank
member to prevent imparting a blow to said crank mem-
ber by the discharge of said spring.

2. In combination, a support, an operating shaft for
actuating the movable contact member of a switch, a
crank member freely mounted on said operating shaft for
rotation with respect thereto, an energy storing spring
mounted on said support and provided with an eccentric
force tramsmitting member connected to said spring, a
toggle device having a first arm freely mounted on said
operating shaft for rotation with respect thereto and
mechanically coupled to said crank member and having
a second arm pivotally connected to said first arm and to
said crank link to provide extending said toggle and
charging said spring in response to rotation of said crank
member, a lost motion driving connection between said
first toggle arm and said operating shaft to remain mo-
tionless during charging said spring and to effect rotation
of said shaft in response to discharge of said spring, and
a second lost motion driving comnection between said
first toggle arm and said crank member to prevent im-
parting a blow to said crank member by the discharge
of said spring. »

3. In combination, a support, an operating shaft for
actuating the movable contact member of a switch, a
crank member freely rotatably mounted with respect to
said shaft, an energy storage spring mounted on said
support, a crank link pivotally mounted on said support
and connected to said spring at a point displaced from
its pivotal mounting, a toggle comprising a first arm
pivotally mounted on said shaft and having a' driving
connection to said crank member and a second arm
pivotally connected to said first arm and having a dis-
placeable pivotal connection to said crank link to effect
extending said toggle and charging said spring in response
to rotation of said crank member, and means for effecting
radial displacement of said displaceable connection with
respect to the axis of rotation of said crank link to vary
the moment arm with respect to said axis of the force
acting at the point of engagement of said second toggle
arm and said crank link.

4. In combination, a support, an operating shaft for
actuating the movable contact member of a switch, a
crank member freely mounted on said shaft for rotation
with respect thereto, an energy storing spring mounted on

10
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said support, a crank link pivotally mounted on said sup-
port and provided with a force transmitting connection
to said spring, a toggle having a first arm pivotally
mounied for rotaton with respect to said operating shaft
and having a driving connection to said crank member,
a second toggle arm pivotally comnected to said first
toggle arm and having a pivotal connection to said crank
link to effect extension of said toggle and charging of
said spring in response to rotation of said crank member,
a lost motion driving connection between said first toggle

 arm and said operating shaft to permit said shaft to re-
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main inactive’ during charging of said spring and to
effect rotation of said shaft in response to discharge of
said spring, and means for effecting radial displacement
of said pivotal connection with respect to the axis of
rotation of said crank link to vary the moment arm
with respect to said axis of the force acting at said
pivotal connection thereby to effect a generally inverse
relationship between the amount of charge of the spring
and its mechanical advantage with respect to said force.

5. In combination, a support, an operating shaft for
actuating the movable contact member of a switch, a
crank member freely mounted on said shaft for rotation
with respect thereto, an energy storing spring mounted
on said support, a crank link pivotally mounted on said
support and provided with a force transmifting connec-
tion to said spring, a toggle having a first arm pivotally
mounted for rotation with respect to said operating
shaft and having a driving connection to said crank
member, a second toggle arm pivotclly connected to
said first toggle arm and having a slide pivotal connection
to said crank link to effect extension of said toggle and
charging of said spring in response to rotation of said
crank member, a lost motion driving connection between
said first toggle arm and said operating shaft to permit
said shaft to remain inactive during charging of said
spring and to effect rotation of said shaft in response
to discharge of said spring and means for effecting a
generally inverse variation between the charge of said
spring and its mechanical advantage with respect to the
force acting on said crank link at the point of said slid-
able connection comprising a link pivotally connected
to said support and to said pivotal connection for dis-
placing said pivotal connection radially away from the
axis of rotation of said crank link as said spring is
charged and radially toward said axis as said spring is
discharged.
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