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My present invention relates to centrifugal
operating devices and, while not necessarily lim-
ited thereto, the devices are particularly suitable
for use in connection with centrifugal starting
switch mechanisms for controlling the circuits
of starting windings for dynamo-electric ma-
chines.

Ti‘is o principal object of the present invention
to provide an improved centrifugal device which
is simple, inexpensive to manufacture -and re-
liable in operation.

A further object of the invention is to provide
g ‘éentrifiigal switch ‘operating device having a
new and improved snap action ‘spring arrange-
ment.

The still further specific object of the invention
is'to provide a new and improved flyweight mount-
ing arrangement for centrifugal devices.

In‘accordance with the illustrated embodiment,
the invention comprises a bracket adapted to be
fixedly mounted upon a rotatable member or shaft
for pivotally supporting & pair of flyweight ele-
ments 6f novel construction on opposite sides of
the ‘axis of rotation. An axially movable collar
adapted to be mounted upon the shaft is arranged
adjacent the support and is operatively engaged
by the ends of ‘a pair of operating arms extend-
ing theretoward from the fiyweights. The collar
is biased to a limit position away from the sup-
port by means of a compression spring mounted
upon each of the operating arms of the flyweight
units and which springs also serve to retain
“the fiyweights in the assembled position upon the
support. The particulararrangement of the com-
pression springs. further provides a new and im-
‘proved snap action for the device for both direc-
tions of operation.

Further objects and advantages of the inven-
tion will be‘come'apparent from the following de-
seription referring to the accompanying draw-
{ngs, while the features of novelty which char-
‘géterize my invention will he pointed out with
‘particularity in the claims annexed to and form-
ing a part of this specification.

In the drawings, Fig. 1 is a side elevational view
of 'z dynamo-eleetric machine partially broken
‘gway to illustrate a centrifugal device embody-
ing my invention in-accordance with ‘one form
thereof: Fig. 2 is'a fragmentary side elevational

“yiew illustrating the centrifugal device in a dif-
ferent position from that shown in Fig. 1; Fig. 3
is a sectional” view taken-‘along the line 3—3 of
‘Mg.2; Fig. 4 is an enlarged longitudinal sectional
‘view illustrating the ¢entrifugal device and show-
rig the parts in the same limit position-as in Fig.
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1; Fig. 5 is-an end view-of :support bracket in-
corporated in the device; Fig. 6 is.an enlarged
view, ‘in perspective, -illustrating one of the fly-
weight members incorporated in:the device; Fig.
7 is a longitudinal -sectional view of ‘the sliding
coliar incorporated in‘the device; Fig..8is a plan
view ‘showing one of the spring bearing cups
incorporated in the device; and Fig. 9:is a vector
diagram illustrating a principle of operation-of
the-device.

Referring now to the drawings, I have shown
a dynamo-electric machine having .a stationary
unit 19-and a rotatable-unit {1 .including: a-shaft
{2 which is supported in suitable. bearing as-
gsemblies in the -opposite :end bells {4, The
dynamo-electric ‘'machine ‘illustrated is a single
phase induetion:motor and the excitation is:pro-
vided by a single phase main field exciting wind-
ing 15 and ‘o starting field exciting winding -16,
which windings -are arranged in slots provided
therefor in the core 171 of ‘the stationary unit
and are adapted to induce:electric currents:in-a
squirrel cage winding {8 arranged in slots in the
rotatable unit 1.

In-this type of induction motor, it is desirable
that the -starting fleld “exciting ‘winding should
pe energized during ‘the period when:the motor
starts to operate, or under such operating -con-
ditions that the speed of the motor is reduced
below a predetermined value and that this fleld
exciting winding be de<energized when the speed
of the motor exceeds a.predetermined value. In
order to accomplish this, a control switch unit is
provided having electric contacts 20 and 21 con-
nected to the energizing circuit of the: starting
field exciting winding 16. These contacts 28 and
2{ are mounted on stationary flexible support-
ing elements 22 ‘and 23, respectively, which are
secured upon a mounting plate Z4 of insulating
material suitably mounted upon the adjacent end
A yoke member 25 having bifurcated
end portions straddling the shaft {2 is'fulerumed

-as. at 26-.onto the base plate 24 and operatively
.connected to the contact 20 for actuation there-

of ‘between the closed and open circuit positions.

‘The switch is:shown in the closed circuit condi-

tion in Fig. 1 and in the open circuit.condition
in Fig. 2.

The details of the switch structure deseribed
form no part of the present.invention and.are

-disclosed .and more fully described. in the .co-
pending application Serial No. 21,637 filed con-
currently herewith -and assigned to the assignee

of -the instant invention.. The above numbered
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application has since matured into United States
Letters Patent No. 2,463,020. The present inven-
tion is concerned primarily with the details of
the centrifugal operating device provided for
actuation of the control switch between the open
and closed circuit conditions, and it will become
obvious to those skilled in the art, following a
perusal of’the instant specification, that the
operating device of the present invention may be
used for operation of control switches differing
from that specifically shown herein.

The centrifugal operating device of the present
invention includes a support bracket 30 which
may be stamped from sheet metal and comprises
a plate portion 31 provided with opposite side
flanges 32 and opposite end flanges 34. A cen-
tral opening is provided in the plate portion 31
defined by a flanged collar portion 33 adapted to
be mounted with a press fit upon the shaft {2 for
fixedly securing the support 30 thereto with the
plate portion- 31 extending at right angles to the
axis of rotation of shaft 12. The opposite end
flange portions 34 extend from the same side of
the support bracket toward the outer end of the
shaft and spaced equal distances from the op-
posite sides thereof. The outer edges of the
flange portions 34 are rolled or bent downwardly
a slicht distance as indicated at 36 toward the
shaft 2. .

As illustrated more clearly in the detail view of
Fig..5, the forward edge of each of the flange
portions 34 is provided with a notch 31 within
which the generally L-shaped flyweight members
are mounted.

One of the flyweight members is more clearly
illustrated in the perspective view of Fig. 6 and
comprises an operating arm 39 and a lever arm
40 extending at an angle with respect to the
operating arm 389, the outer end of the lever arm
40 being provided with a weighted portion 4. A
pair of oppositely disposed lugs 42 are provided
on the ‘opposite edges of the operating arm 39
spaced downwardly a slight distance from the
point of intersection between the operating arm
39 and the lever arm 40. The notches 37 in the
forward edge portions of the support flanges 34
are of a width slightly greater than the width
of the operating arm above the lugs 42, In the
assembled position of the fiyweight members upon
the support, it will be observed that the lug por-
tions 42 are fitted behind the downwardly bent
ends 36 and form fulecrums engaging with the
underneath surface of the flange portions 34 about
which the fiyweight members pivot or rock during
operation of the device.

A collar 50 of suitable insulating material, such
as molded plastic, is adapted to be mounted for
sliding movement in the axial direction upon the
shaft 12, the cylindrical bore through the collar
50 being provided with radially spaced apart lon-
gitudinal ribs 51 for minimizing frictional resist-
ance to sliding movement of the collar 50 upon
the shaft. The collar 50 is provided with a plane
forward face 52 for cooperatively engaging the
ends of the switeh yoke 25 previously described.
The collar is provided with a pair of diametrically
opposed slots 53 in raised bosses which are adapt-
ed for cooperatively receiving the ends of the
operating arms 39 of the flyweight members as
shown in Fig. 4. Particular attention is directed
to the fact that the collar is recessed on the in-
ner side thereof beneath the slots §3 as indicated
at 54 and on the outer side as indicated at 55 so
as to permit the arms 39 to move pivotally within
the slots 53 through the angle between the two
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limit positions illustrated by dotted lines 56 and
57 in Fig. 7.

The collar unit §8 is normally biased to a first
limit, or inoperative, position, as shown in Fig. 4,
by means of compression springs 80 arranged
about each of the operating arms 39 of the fiy-
weight members. The opposite ends of each of
the springs 68 are enclosed within bearing cups
6, one of which is shown in greater detail in
the view of Fig. 8. These cups are provided with
a central elongated rectangular slot 62 for fit-
ting cooperatively upon the arm 89 and up-
standing flange portions 63 and outwardly ex-
tending tabs 64 projecting from each of the op-
posite sides thereof. The tabs 64 extend in lon-
gitudinal alignment with the slot 62 and form
enlarged bearing surfaces, which in the case of
the cups at the outer ends of the gprings 60 en-
gage against the lower surfaces of the outstand-
ing lugs 42 on the flyweight arms 39. The tabs
64 of the cups at the inner ends of the springs
G8 provide bearing surfaces which rock across
the corners §6 of the outwardly extending bosses
within which the slots 53 are formed in the col-
lar 80 as the collar is moved between its oppo-
site limits of travel.

The compression springs §8 normally bias the
collar 59 to a first limit position away from the
support 30 as illustrated in Figs. 1 and 4, and
at the same time retain the fulertum Ilugs 42
of the flyweight arms in firm seating engage-
ment with the underneath side of the support
flanges’ 34. In the position of rest of the de-
vice, the lever arms 40 of the flyweight mem-
bers extend parallel with the support flanges 34
and rest against felt pads 10 suitably secured
within cooperating recesses stamped in the up-
per surface of the flange portions. These. felt
pads serve as buffers to reduce noise which would
otherwise result from direct metallic contact be-
tween the lever arms portions 48 and the support
when the flyweights move inwardly upon de-
celeration of the machine. As illustrated in Fig.
4, the ends of the operating arms 39 extending
into the slots 53 in the collar 59 positively re-
tain the collar 50 against axial movement away
from the support bracket 29 beyond the first
limit position shown.

When the collar 59 of the device is ih the
limit position illustrated in Figs. 1 and 4, the
contacts 26 and 2! of the control switch are
closed connecting the starting exciting winding
{6 in readiness for starting the machine. Upon
application of energizing current, the rotatable
unit will be driven and, upon reaching a pre~
determined speed, the weighted portions 4{ of
the flyweight members will move outwardly un-
der centrifugal force to the position shown in
Fig. 2, and the inner ends of the arms 3§ will
shift the collar 59 toward a second limit posi-
tion adjacent the support 390. The second limit
position is determined by engagement of the
cylindrical portion 75 of the collar 58 with the
sound deadening or felt washer 76 mounted with-
in a retaining ring 71 held by a press fit upon the
shaft 12 next adjacent the support bracket 30.

Particular attention is directed to. the .fact
that the operating arms 39 of the flyweight mem-
bers are aligned with each other in a5 common
blane which extends through the axis of rota-
tion of the support and are inelined at all times
at an angle with respect to the perpendicular to
the axis of rotation. As viewed in Fig. 4, when
the flyweight members are at rest, the oper-
ating arms 38 are inclined at a relatively large
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angle with respect to the perpendicular to the
axis of rotation and substantially normal to the
sloping shoulders 6T of the bosses on the col-
lar 50. Upon outward movement of the welght
portions 41 of the flyweight members acting
under centrifugal force, the operating arms 39
pivoting about the fulecrum lugs 42 move in-
wardly toward the support to the second limit
position shown by dotted lines §§ in Pig. 7 but in
which position the arms are still inclined at an
angle with respect to the perpendicular to the
axis' of rotation so that there is still a compo-
nent of force exerted by the compression springs
60 in the axial direction of the shaft 12 toward
the first limit position. The spring cups 6f in
shifting from the sloping boss shoulders 61 to
the outer boss shoulders 68 rock across the cor-
ners- 66 therebetween.

With the spring arrangement shown, the col-
lar 88 will be shifted with a forceful and posi-
tive snap action in either direction of move-
ment and which is an important feature of the
present. invention. Referring to the force dia-
gram of Fig. 9, the combined compressive force
of the two springs 80 may be represented by the
vector acting upon the collar §0 in the position
of rest at an angle “a” corresponding to the
angle existing between the shaft axis and the
operating arms 39. This force vector consists
of a component Tf normal to the shaft axis and
a. component T2 parallel with the shaft axis.
Upon starting of the motor and as its rotation
approaches normal running speed, the fiyweights
under centrifugal force will exert a correspond-
ing force, which may be represented by the vector
13, upon the collar 50 in the axial direction in
opposition to the force component 72, As spon
as the force component T3 reaches a magnitude
slightly greater than .the force component 712,
the collar will be shifted from its original posi-
tion of rest. Immediately upon such movement
of the collar the angle ¢ is increased and the
axial component of force 72 exerted hy the
springs 68 decreases. The component 72 there-
for decreases progressively until the second limit
position is reached and in which position the
axial component is reduced to some value stich
as is Indicated by vector 14. It follows, theie~
for, that as soon as the centrifugal force vector
13 exceeds the force vector 12, the collar will be
positively and forcefully snapped to its second
limit position.

‘When power supply to the motor is cut off and
the rotor decelerates, the centrifugal force vec-

tor 13 supplied by the flyweights progressively 5

diminishes. As soon as this force 13 decreases
to a value helow that of the axial component
14 of springs 60-in the second limit position, the
springs will shift the collar toward the first limit
position. The component 74 will thereupon in-
crease progressively in magnitude to the value
indicated by vector 72 and thus forcefully and
positively shift the collar with a snap action to
the first limit position. )

While the invention has been described with
particular reference to a preferred embodiment,
it is desired that, by the appended eclaims, all
such - obvious variations as msy occcur to one
skilled in the art are to ke included within the
scope thereof.

‘Iclaim:

1. A centrifugal. operating device including a
support adapted to be fixedly mounted on a rotat-
able member, a weight member pivotally mount-
ed on said support, said weight member including
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an operating arm extending toward .thé axis of
rotation of said support, an axially movable col-
lar adapted to be mounted on said rotatable mem-
ber, the inner end of said arm being operatively
connected to said collar and in the position of
rest of said device refaining said collar in g first
limit position away from said support, said arm
in said condition of rest being inclined at an
angle with respect to a plane perpendicular to
said axis, said arm causing movement of said
collar to a second limit position toward sald sup-
port upon actuation of said weight member un-
der centrifugal force, a compression spring ar-
ranged about said arm between said support and
said ecollar, said spring urging sald collar toward
said first limit position, said arm upon movement
of said collar from said first limit position to
said second limit. position moving through an
angle approaching the perpendicular to said axis,
and means for stopping said collar in said sec-~
ond limit position in which said arm is inclined
at a smaller angle with respect to sald perpen-
dicular than in said first linit position, whereby
said collar will be moved with a snap action by
said weight member from one of said limit posi-
tions to the other in hoth accelerating and ds-
celerating conditions of said rotatable member.

2. A cenfrifugal operating device including a
suppcrt adapted to he mounted on a shaft, said
support including a flange spaced from and ex-
tending in the direction of said shaft, a weight
member Including an cperating arm and a lever
arm extending sngularly from said gperating arm
and having a weighted pertion on the outer end
of said lever arm, means pivotally mounting said
welght member cn the forward edge portion of
said flange with said operating arm gnd said lever
arm extending on opposite sides of said flange,
an axially movable collar adapted to be mounted
on said shaft beneath said flange, said eollar hav~
ing a recess for cooperatively receiving the end
of said operating arm, and a compression spring
arranged about said operating arm between said
pivotal mounting means and said eollar, said
compression spring at all times urging said collar
away from said suppert, whereby said collar will
be moved with a snap action by said weight mem-
ber from one of its limit positions to the other
in both acecelerating and decelerating conditions
of said shaft.

3. A centrifugal cperating device including a
support adapted to be fixedly mounted on a ro-
tatable member, an axially movable collar adapt-
ed to be mounted on said rotatable member, a
pair of generally L-shaped weight members piv-
otally mounted on said support on opposite sides
of the axis of rotation thereof, said weight mem-
bers each including an operating arm extending
from said support toward said collar; said arms
being pivotally movable in a common plane ex-
tending through the axis of said collar, a pair of
diametrically opposed slots in said collar for co-
operatively receiving the ends of said arms, and
compression springs arranged about said arms
between said support and said collar at all times
urging said collar away from said support, where-
by said collay will be moved with a snap action
by said weight members from one of its limit po-~
sitions to the other in both accelerating and de-
celerating conditions of the rotatable member.

4. A centrifugal operating device including a
support adapted to ke fixedly mounted on a ro-
tatable membker, an axially movable collar adapt-
ed to be mounted on said rotatable member, a
pair- of centrifugal weight members pivotally
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mounted on said support on opposite sides of the
axis of:rotation thereof, said weight members
each ineluding an operating arm extending from
sald flanges toward said collar, said arms being
pivotally movable in g common plane extending
through the axis of said collar, a pair of dia-
metrically opposed slots in said collar for coop-
eratively receiving the ends of said arms, com-
pression springs arranged about said arms, said
collar including circumferential ridge portions in
the same radial plane as said slots and adjacent
thereto, bearing members arranged about said
arms between said-springs and said collar, said
bearing members being adapted to rock over said
ridge portions upon axial movement of said col-
lar under action of said weight members due to
centrifugal force.

. 5. In a centrifugal operating device including
a support adapted to be fixedly mounted on a
shaft, a pair of generally L-shaped weight mem-
bers pivotally mounted on each of the opposite
sides of the axis of rotation of said support, said
weight members each including an operating
arm extending from said support toward said axis
and a lever arm extending angularly from said
operating arm and disposed on the opposite sides
of said support with respect to said axis, said
lever arm having a weighted portion on the outer
end thereof, an axially movable collar mounted
on the inner ends of said operating arms, com-
pression springs arranged about said operating
arms between said support and said collar and
bearing against said collar urging said collar at
all times away from said support, the outward
movement of said collar from said support dur-
ing condition of rest of said device being limited
by engagement of said lever arms against the
outer surface portions of said support, said collar
being movable with a snap action by said weight
members from one of its limit positions to the
other in both accelerating and decelerating con-
ditions of said shaft.
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6. In a centrifugal operating device including

a support adapted to be fixedly attached to a
rotatable shaft, said support including a flange
extending in the direction of the axis of rotation
thereof, and spaced therefrom, a notch in the
edge of said flange, a generally L-shaped weight
member including an operating arm and a lever
arm extending angularly from said operating arm
and having a weighted portion on the outer end
of said lever arm, said weight member being
mounted in said notch, shoulders on the oppo-
site -sides of said operating arm adjacent said

lever arm pivotally engaging the lower side of said |

flange on opposite sides of said notch, an axially
movable collar adapted to be mounted on said
shaft, the end of said operating arm operatively
engaging said -collar, and compression spring
means arranged on said operating arm between
said collar and said shoulders whereby said collar
will be moved with a snap action by said weight
member from one of its limit positions to the
other in both accelerating and decelerating con-
ditions of said shaft.

7. In a centrifugal operating device including
a support adapted to be fixedly attached to a ro-
tatable shaft, said support including a flange ex-
tending in. the direction of the axis of rotation
of said support and spaced therefrom, the for-
ward edge portion of said flange extending down-
wardly a short distance toward said shaft, a notch
in said forward edge portion, a generally L-
shaped weight member including an operating
arm. and an angular lever arm and a weighted
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8
portion on the outer end of said Iever arm, said
member being mounted in said notch, shoulders
on the opposite edges of said operating arm form-
ing a pivotal fulerum against the lower side of
said flange, an axially movable collar adapted
to be mounted on said shaft, the end of said oper-
ating arm operatively connected to said collar and
a compression spring arranged between said col~
lar and said shoulders, said spring urging said col-
lar away from said support and retaining said
member in seating engagement with said support,
said collar being movahle with a snap action upon
operation of said weight member under centrif-
ugal force from one of the limit positions to the
other in both accelerating and decelerating con-
ditions of said shaft. :

8. A cenfrifugal operating device including a
support adapied to be fixedly mounted on a rotat-
able member, said support including a pair of
spaced apart flanges extending from one side
thereof in the direction of the axis of rotation
of said support, an axially movable collar adapted
to be mounted on said rotatable member between
sald flanges, a notch in the edge portion of each
of said flanges, a weight member mounted in
each of said notches and including portions piv~
otally engaging the inner sides of said flanges,
said weight members each including an operat-
ing arm extending toward said collar, a pair of
diametrically opposed slots in said collar coop-
eratively receiving the ends of said operating
arms, said operating arms being movable in a
common plane through the axis of said collar
for effecting axial movement of said collar by
said weight members acting under centrifugal
force, a compression spring arranged on each of
said operating arms and bearing against said col-
lar to oppose axial movement thereof by said
weight members acting under centrifugal force,
Said collar being operable by said weight mem-
bers with a snap action between its limit posi-
tions in both the accelerating and decelerating
conditions cof said rotatable member.

8. In a centrifugal operating device including
& support adapted to be fixedly attached to a ro-
tatable shaft, a notch in the oufer edge of said
support, a generally L-shaped weight member
including an operating arm and a lever arm [): &
tending angularly therefrom . and having a
welghted portion on the outer end of said lever
arm, a pair of lugs extending from the opposite
edges of said operating arm adjacent the upper
end thereof and spaced a short distance from
said lever arm, said operating arm being mounted
In said notch with said lugs positioned against
the surface of said support facing said axis, an
axially. movable collar having a slot therein, the
end of said operating arm extending into said
slot, and a compression spring arranged about
said operating arm between said collar and said
lugs urging said lugs against said support and
said collar away from said support, said collar
being operable with a snap action between its
limit positions by said weight member in both
aﬁc%erating and decelerating conditions of said
shaft.

10. A centrifuga]l operating device including a
support adapted to be fixedly mounted on a.ro~
tatable member, an axially movable collar adapt-
ed to be mounted on said rotatable member and
movable along the axis of rotation of said sup-
port, a weight member having pivot means en-
gaging said support and including a straight op-
erating arm extending from said pivot means
toward said collar, the inner end of said arm
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being operatively connected to said collar for
eflecting movement of said collar toward said sup-
port upon actuation of said weight member under
centrifugal force, and a compression spring ar-
ranged about said arm between said pivot means
and said collar for urging said collar away from
said support and for retaining said pivot means
in seating engagement against said support, said
collar being operated with a snap action between
its limit positions in both accelerating and de-
celerating conditions of said rotatable member.

11. In a centrifugal operating device including
a support adapted to be fixedly mounted on a
rotatable member, a centrifugal flyweight mem-
ber pivotally engaging said support in a spaced
relation from the axis of rotation thereof, said
weight member including an operating arm rig-
idly connected thereto extending toward said axis,
an axially movable collar adapted to be mounted
on said rotatable member, the inner end of said
arm being operatively connected to said collar,
and a compression spring arranged about said
arm between said collar and said support biasing
said collar away from said support and refain-
ing said member in pivotal engagement with said
support, said collar being operated with a snap
action by said weight member between its limit
positions in both accelerating and decelerating
conditions of said rotatable member.

12. In a centrifugal operating device including
a support adapted to be fixedly mounted on a
rotatable member, a centrifugal flyweight mem-~
ber pivotally mounted on said support, said weight
member including an operating arm rigidly in-
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tegral therewith extending toward the axis of
rotation of said support, an axially movable col-
lar adapted to be mounted on said rotatable
member, the inner end of said arm being oper-
atively connected to said collar, and a compres-
sion spring arranged about said arm between said
support and said collar, said collar being oper-
ated with a snap action by said weight member
from one of its limit positions to the other in
both accelerating and decelerating conditions of
said rotatable member.
WALTER A. ROSEBRAUGH.
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