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(54) CENTRIFUGAL CLUTCH

(71) I, PETER BEARDSLEY HIGGINS, a
British subject, of ‘La Colline’, Mont Gras
d’Eau, St. Brelade, Jersey, Channel Islands, do
hereby declare the invention, for which I pray
that a patent may be granted to me, and the
method by which it is to be performed, to be
particularly described in and by the following
statement:—

The present invention relates to centri-
fugal clutches for transmitting a torque be-
tween a driving element and a driven element.
Conventionally, these types of clutches em-
ploy a casing which encloses a rotor with a
particulate solid material (which may be
termed pseudo-fluid) disposed therebetween.
This material serves to provide the connec-
tion between the casing and the rotor. In
operation, when the driving element is
rotated, it drives the casing of the clutch
and by reason of this drive tends to distribute
the particulate solid material (hereinafter
referred to as “pseudo-fluid material”) to
the periphery of the casing, By the effect of
friction acting in the volumetric area be-
tween the rotor and the confronting sur-
faces of the casing, the rotor is rotated, due
to the construction of the casing and rotor
and the circulation of the pseudo-fluid
material in the volumetric space between the
rotor and casing.

Centrifugal clutches utilizing a particulate
or pseudo fluid material between a rotor and
casing have heretofore been in use, and one
of such clutches is shown in U.S. Patent No.
3,460,658, but a problem in using such
clutches has been the difficulty of dissipating
the heat which is built up in the normal use
of the clutch. Such heat results from move-
ment under pressure of the pseudo-fluid
material with reference to the casing and

rotor, and such movement is dependent
upon the shape of the grooves in the rotor
and casing respectively. The structure in the
aforesaid Patent No. 3,460,658 utilizes fan 45
shaped grooves in the rotor with similar
shaped grooves in the casing, but the shape
of grooves restricts the flow of material,
limits the volume of pseudo-fluid material
which can be used in the casing to about 50
75% of the volume of the casing and does not
allow prolonged slipping to take place, be-
cause the heat released by friction between
the material and the casing cannot be dissipa-
ted. Moreover, such differences in volume re- 55
sults in less power transmitted and an increase
in the breakaway torque.
According to this invention there is pro-
vided a centrifugal clutch for mechanical
transmission comprising a rotor, pseudo- 60
fluid material, and a casing which encloses
the rotor and the pseudo-fluid material,
the rotor being formed with grooves, the
casing being formed with axially outwardly
projecting pockets having their greatest circum- &5
ferential widths near their radially outer edges,
the greatest circumferential width of each
pocket being greater than its maximum radial
width, the pseudo-fluid material being flowable
between the pockets during rotation so as to
increase transfer of heat through the casing. 70
The invention also provided a transmission
having a driving element connected to the cas-
ing of the clutch and a driven element con-
nected to its rotor.
The invention of the present application 75
enables the volume of pseudo-fluid material to
be increased to about 90% of the volume the
casing, thereby increasing the power trans-
mitted for a given size unit and diminishing the
breakaway torque as compared with the clutch 80
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shown in U.S. Patent No. 3 460 658. This can
be accomplished by forming grooves which are
substantially sinusoidal in shape in a peripheral
direction in the rotor, and by forming casing
pockets which are substantially egg-shaped, as
formed by an internal section of an egg-shell,
which is cut lengthwise through the egg, with
the wider end of the egg cut off to a radjus
which conforms to the inside diameter of the
casing.

The areas separating the pockets can be
chamfered adjacent the edges of the pockets
and be flat or convex between the chamfered
portions. To prevent racheting, there are pre-
ferably an odd number of pockets in the casing
and an even number of grooves in the rotor, or
vice versa.

The pockets in the casing increase the nor-
mal volume of the casing, but the volume may
be further increased by the formation of de-
pressions which extend radijally along the med-
ian lines of the respective pockets. Each de-
pression may be substantially V-shaped in form
in a peripheral direction, thereby resulting in
protuberances on the outer wall of the casing
which extend radially and provide fins which
upon rotation of the casing, serve to dissipate
the heat which is developed in the operation of
the clutch. The walls of the pockets and the
walls of the depressions can merge so as to
provide a smooth surface for the travel of the
pseudo-fluid material between the rotor and
the casing during the operation of the clutch.

A double construction as set forth in Claim
16 is preferred, in which case the casing can be
in two parts, each provided with the pockets,
joined together to form an annulus.

An advantage of the present invention is
that the heat developed as a result of pro-
longed slipping can be dissipated without a
prohibitive rise in the operating temperature.
Because of the capacity to slip without danger
of destruction, the clutch of the present inven-
tion can function as a powerful and progressive
brake. It can also function as a torque limiter
and as a torque vibration filter.

In the drawings:

Figure 1 is a vertical section through a
pseudo-fluid clutch embodying one form of the
invention;

Figure 2 is a front elevation view of the rotor
removed from the clutch;

Figure 3 is a section taken on a plane indi-
cated by the line 3-3 in Figure 2;

Figure 4 is an elongated fragmentary front
elevation view of the interior of the casing
removed from the clutch;

Figure 5 is a fragmentary vertical section
through a part of the casing, on a scale larger
than that of Figure 1,

Figure 6 is a fragmentary vertical section
through a part of the casing having a modified
pocket formation, on a scale larger than that
of Figure 4;

Figure 7 is a fragmentary front elevation

view of the interior of the casing as viewed on
the line 7-7 of Figure 6;

Figure 8 is a developed enlarged sectional
view of a portion of the casing shown in Figures
6 and 7 taken along the line 8-8 in Figure 7,
and

Figure 9 is a fragmentary end view of the
rotor as viewed on the line 9-9 of Figure 2.

The embodiment shown in Figure 1 com-
prises a casing which had two side members
10 which are adapted to be connected together
as by bolts 11. The members can be cast or
produced by stamping, and when assembled
they form an annular chamber designated
generally as 5 within which a rotor 15 is
mounted for rotation between the side mem-
bers. The cast form is shown in Figures 1 and
4, and the stamped form is shown in Figures
6 and 7. One of the side members is provided
with a filling stopper 16 for the insertion of
pseudo-fluid material. Such material is pre-
ferably granular material such as a hard
powdered shot metal, for example stainless
steel or chilled iron, having a diameter less than
2mm.

The casing is shown in Figures 1 and 4 as
being rigidly connected to a drive shaft 20 and
having in each inner face a succession of con-
cave pockets 25, which are separated by areas
26. Such areas form part of the inner casing
wall, and are preferably chamfered as at 27,
adjacent the radial edges of the pockets and are
preferably slightly convex in form, as at 28
(Figure 8) in the space between the chamfered
portions. The walls of the pockets extend
radially outwardly from an internal annular
boss 24 in the casing to the internal wall 17 of
the casing and are curved radially and peri-
pherally of the casing.

In accordance with the invention, and
referring particularly to Figures 4, 6 and 8,
reference is made to the structural configura-
tion of the pockets 25 for maximizing the
volumetric capacity of the transmission media
while maintaining sufficient heat transfer
characteristics for dissipating the heat devel-
oped during operation of the clutch. Such
construction enables the transmission media
to occupy up to 90% of the volumetric
capacity of the space between the confronting
interior surfaces of the casing and rotor,
respectively.

As best seen in Figure 4, the pockets 25
have the general configuration of 1/2 of an
ellipse, and preferably, such configuration, as
viewed in Figure 4 is of a truncated oblate
configuration. The configuration is 1/2 of a
full oblate, double curved surface. As shown,
such oblate configuration is defined by a
major axis 45, and a minor axis 46 disposed
perpendicularly to each other. The major axis
45 is disposed chordially, perpendicular to the
casing axis 54, while the minor axis 46 extends
radially. For a casing having an internal dia-
meter of 175 mm, it is preferred that the major 130
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axis 45 be 33mm approximately, and that the
minor axis be 30mm approximately. As shown
in Figure 4, the pocket configuration is defined
by a rounded inner end 56 and a pair of outer
rounded ends 58 and 60, which merge
smoothly into sides 62 and 64 and an outer
base 66. Such surfaces together define the
oblate configuration shown. Preferably, the
major and minor axes 45, 46 of such configura-
tion have a preferred length ratio of about 1.4
to 1.

The pockets having the foregoing propor-
tions occupy preferably at least 40% and pre-
ferably between 60% and 90% of the total
surface area of that portion 6 of the annular
chamber 5 lying radially and axially outwardly
of the dot and dash line 7 in Figure 5, and the
wall portions 26 between the pockets occupy
the remaining area.

As best seen in Figure 5, the pockets 25
have a generally right triangular configuration
in vertical section taken along the plane of the
minor axis 46. In general, the pockets are dis-
posed at an angle “d”(Figure 5) of approx--
mately 20 degrees with respect to the generally
vertical plane of the casing. The deepest part
of each pocket indicated at M in Figure 5 is
between 12% and 40% of the length of the
pocket indicated at P in Figure 5, measured
radially and is also between 12% and 40% of
the widest part of the pocket as indicated at S
in Figure 4, measured peripherally. Addition-
ally, the deepest part of each pocket is about
6% of the rotor diameter.

As shown in the developed surface section of
Figure 8, the pockets of Figure 4 and 5 have a
generally circular concave shape as at 29 and
along the broken line 23, when taken in trans-
verse cross-section along the major axis 45,
and when viewed from the interior of the
casing. Such circular concavity extends
throughout the radial extent of the pocket.

Although the overall peripheral portion of
each pocket has been described as partially
oblate or as substantially triangular, when
viewed from the interior of the casing as in
Figure 4, nonetheless the sides such as 62 and
64, of the peripheral portions, which extend
between the inside wall 17 of the casing and the
outside diameter 19 of the boss 24 might also
be termed substantially egg-shaped, as formed
by an internal section of a chicken’s egg shell
which is cut lengthwise through the egg, with
the wider end of the egg cut off to a radius
which conforms to the inside diameter wall 17
of the casing.

Where the casing side members are cast or
molded, the walls of the pockets are smooth
and are curved both axially and peripherally.
The molded or cast form is generally used on
clutches of relatively larger size and higher
power transmission. On clutches of relatively
smaller size, however, the side members may
comprise metallic stampings and, if desired,
may have depressions 40, as in Figures 6 and 7,

which are shown in full lines as V-shaped in
Figure 8, and which have their deepest part
on the radial median line of the respective
pockets. The walls of the depressions project
outwardly from the outer walls 42 of the
sidemembers and thereby provide fins 43 on
the exterior portion of the casing. The fins
increase the fan effect and result in increased
dissipation of heat during the operation of
the clutch. Such fins, for the cast or molded
form of casing side members are formed on
the exterior faces of the members and may
be solid or rib-like in formation.

The uncertainty of the action of the power
transmitting material in a pseudo-fluid clutch
makes it difficult, if not impossible, to fore-
cast the relationship which should exist be-
tween the formation and the spacing of the
driving and driven members of the clutch
in order to obtain maximum transmission of
power and dissipation of heat. It has been
determined, however, in developing the pre-
sent invention, that factors which affect the
torque and the breakaway are (a) that the
width of the rotor at the periphery should be
between 7-1/2% and 15% of the rotor
diameter, (b) that the clearance between the
rotor diameter and the inside diameter of the
casing should be between 2% and 7% of the
rotor diameter, and (c) that the clearance
as measured axially of the clutch between the
nearest part of the rotor tip and the surface
of the space between the casing pockets should
be between 3% and 7% of the rotor diameter.
In Figure 3, the width of the rotor identified
in the foregoing factor (2) is designated F. In
Figure 1, the clearance designated in the
foregoing factor (b) is indicated at R, and the
clearance designated in factor (c) is indicated
at N.

An example of a fluid-powder clutch em-
bodying the invention of this application, and
which has been operated in a satisfactory
manner has the following dimensions:
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Internal diameter A of the casing, Figure 1
175 mm
Outer diameter B of internal boss, Figure 1
120 mm
Depth M of casing pocket, Figure 5 10 mm
Radial length P of casing pocket, Figure 5
30 mm
Width S of casing pocket, Figure 4 33 mm
Distance N axially between rotor tip and
nearest surface of space between pockets,
Figure 1 9 mm
Depth Q of fin depression, Figure 6 5 mm
Radial length V of fin depression, Figure 7
13 mm
Width T of fin depression, Figure 7 - 10 mm 125
Rotor diameter W, Figure 3 - 166 mm
Rotor axial width F, Figure 3 - 14 + 0.5 mm
Distance Y axially between deepest parts of
opposing pockets in the casing, Figure 1 40+
1 mm
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The foregoing is exemplary of one size of
fluid powder clutch.

The rotor is shown in Figures 2 and 3 as
comprising discs 48 and 49, each of which has
a flat central portion 50 and co-planar
spoke-like portions 51 regularly spaced and
extending radially outwardly from the central
portion. Each disc has axially outwardly
curved portions 52 between the portions 51, and
when the discs are fastened together, as shown
in Figure 1, the curved portions 52 are opposite
each other, thus providing an external generally
sinusoidal peripheral shape on each side of the
rotor as best shown in Figure 9. Such shape aids
materially in achieving the desired action in the
movement of the pseudo-fluid material during
the operation of the clutch.

From the foregoing, it will be seen that the
present invention provides a novel and im-
proved construction and functional configura-
tion of the pockets and the lands which con-
jointly interact to maximize the output effic-
iency of the clutch while effectively dissipating
heat effects. As viewed in Figure 4, peripherally
the pockets are substantially of an oblate con-
figuration, in front elevation, defined by a
continuous peripheral inner edge surface formed
by the adjacent lands and by the boss 24 and
the wall 17 of the casing. In the vertical cross-
section of Figure 5, the general plane of the
pocket separation areas 26 is disposed at an
angle (d) to the vertical, so that each pocket
may be said to be disposed at an acute angle
with respect to the confronting surface of
the rotor. In transverse cross section (Figure
8) the pockets have a concave configuration
29 which progressively diminishes in width
along the minor axis 46 toward the axis 54 of
the casing.

In operation, after assembly of the rotor
within the casing, the pseudo-fluid material
is inserted into the space within the casing,
through the fill-opening until the desired
amount is introduced. When the rotative
power is applied to the casing, and the rotor
is connected to a load, centrifugal force
tends to distribute the pseudo-fluid material
to the periphery of the casing, and by the
effect of friction acting in the main in the
narrowed spaces between the edges of the
pockets in the casing and the grooves in
the rotor, the rotor is rotated. The
frictional effect continues until the speed
ratio of the casing to the rotor is approxi-
mately 1 to 1. A slight slippage of about
0.05% is desired, but it may be as low as 5
turns per 10,000 r.p.m. Upon reduction of
speed, or release of the load, if the pressure
acting on the material is not released, the
material will tend to heat rapidly and unless
dissipated, will damage the components of
the assembly. At such time, the shape of the
pockets of the present invention allows the
material to flow from one pocket to another
progressively and sufficiently to move the heat

toward the wall of the casing, where it is re-
moved to the outside through the body of the
casing and the fins, if provided on the casing.
WHAT I CLAIM IS:

1. A centrifugal clutch for mechanical trans-
mission comprising a rotor, psuedo-fluid mater-
ial being flowable between the pockets during
the psuedo-fluid material, the rotor being for-
med with grooves, the casing being formed with
axially outwardly projecting pockets having
their greatest circumferential widths near their
radially outer edges, the greatest circumferen-
tial width of each pocket being greater than its
maximum radial width, the pseudo-fluid mater-
ial being llowable between the pockets during
rotation so as to increase transfer between the
pockets during rotation so as to increase trans-
fer of heat through the casing.

2. A centrifugal clutch according to claim 1,
wherein each pocket in the casing has a de-
pression extending along the radial median line
thereof.

3. A centrifugal clutch according to claim 2,
wherein the depressions form fins which extend
radially of the outer wall of the casing.

4. A centrifugal clutch according to claim 2
or claim 3, wherein the inner surface of each
depression is concave in the deepest part of the
depression and is convex where the depression
merges with the bottom of the pocket.

5. A centrifugal clutch according to any one
of the preceding claims, wherein the interior of
the casing defines an annular chamber, and the
pockets occupy between 60% and 90% of the
surface area of the annular chamber.

6. A centrifugal clutch according to any of
claims 1 to 4, wherein the interior of the casing
defines an annular chamber, and the pockets
occupy more than 40% of the surface area of
the annular chamber.

7. A centrifugal clutch according to any of
the preceding Claims, wherein the depth of the
deepest part of each pocket is between 4% and
6% of the rotor diameter.

8. A centrifugal clutch according to any one
of the preceding Claims, wherein the depth of
the deepest part of each pocket is between 12%
and 40% of the maximum width of the pocket,
measured radiaily, and is also between 12% and
40% of the maximum width of the pocket,
measured peripherally.

9. A centrifugal clutch according to any one
of the preceding Claims, wherein the axial
width of the rotor at its periphery is between
7%% and 15% of the rotor diameter.

10. A centrifugal clutch according to any
one of the preceding Claims, wherein the clear-
ance between the rotor diameter and the in-
side diameter of the casing is between 2% and
7% of the rotor diameter.

11. A centrifugal clutch according to any
one of the preceding Claims, wherein the radial
clearance between the rotor tip and the casing
is between 3% and 7% of the rotor diameter.

12. A centrifugal clutch according to any
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one of the preceding Claims, wherein the areas
which separate the pockets are chamfered at
the edges of the pockets and are substantially
flat in a peripheral direction in the space
between the chamfered portions.

13. A centrifugal clutch according to any
one of the preceding Claims, wherein the pock-
ets are formed in a casing member which has an
internal annular boss and wherein the radially
outer ends of the pockets extend to the outer
periphery of the space within the casing and the

radially inner ends of the pockets extend to the

outside diameter of the internal boss.

14. A centrifugal clutch according to any
one of the preceding Claims, wherein the sur-
face of the rotor facing the respective pockets
is of generally sinusoidal shape in a peripheral
direction.

15. A centrifugal clutch according to Claim
14, wherein, at the periphery of the rotor, in
the peripheral direction, said surface is formed
by arcuate protuberances separated by flat
portions normal to the axis of the rotor.

16. A centrifugal clutch according to any
one of the preceding Claims, and having two
spaced rings of pockets facing one another with
the rotor interposed between the two rings and
having said grooves on each side thereof.

17. A centrifugal clutch according to Claim
16, wherein the rotor comprises two discs

which are fastened together, each of which has
a flat central portion and co-planar spoke-like
portions regularly spaced and extending radially
outwardly from the central portion, and each
of which has curved portions between the
spoke-like portions.

18. A centrifugal clutch according to Claim
17, wherein the curved portions on the respec-
tive discs are disposed opposite each other.

19. A centrifugal clutch, substantially as
herein described with reference to, and as
shown in, Figures 1 to 5 and 9 of the accom-
panying drawings.

20. A centrifugal clutch, substantially as
herein described with reference to, and as
shown in, Figures 6 to 8 of the accompanying
drawings.

21. A transmission including a driving
element connected to the casing of a centrifugal
clutch according to any one of the preceding
Claims and a driven element connected to the
rotor of the centrifugal clutch.

MARKS & CLERK
Chartered Patent Agents
57-60 Lincolns Inn Fields
London, WC2A 3LS.
Agents for the applicant(s)
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