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FLUID COUPLING MECHANISM
Thomas J. Weir, Indianapolis, Ind., assignor te Schwitzer
Corporation, Indianapclis, Ind., 2 corporation

Original No. 2,879,755, dated Mar. 31, 1959, Ser. No.

582,187, May 2, 1956. Application for reissue Oct. 21,

1560, Ser. No. 64,234

26 Claims. (CL. 123—41.12)

Matter enclosed in heavy brackets [ 3 appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to a fluid coupling for driving
accessory devices such as are commonly associated with
an internal combustion engine or any similar driving
means. Such appliance, for example, may include a
radiator cooling fan, electric generator, air conditioner
compressor or water pump.

Generally speaking, the power consumed by such ac-
cessories increases as the speed of the engine or driv-
ing means increases, but in many instances the demand
for the useful output of such a driven appliance, beyond a
certain maximum speed, increases, if at all, at a
rate much less than that resulting from the increase in
speed of the driving means Or engine. A notable ex-
ample of this condition is the radiator cooling fan. If
such accessory is coupled directly to the engine, the power
consumed thereby increases approximately as the cube
of the engine speed increase, whereas the necessary speed
for the fan, as an agency for inducing heat-exchanging
air flow through the radiator, in most cases does not in-
crease in proportion to the engine speed.

1t is, therefore, the object of this invention to provide
in an accessory-driving mechanism, a slippable coupling
which will operaie automatically with increased slippage
as the driving or engine speed increases, thereby reduc-
ing the speed of, and the power consumed by the driven
ACCESSOry.

Another object of the invention is to produce such an
accessory drive in which slipping of the coupling may be
controlled thermostatically or otherwise, to adjust the
speed of the accessory t0 the performance demand that
it must meet.

Siill a further object of the invention is to provide
in an accessory drive a slippable coupling so designed
and constructed as to facilitate the dissipation of heat
generated as a result of the slippage.

In carrying out the invention, there is provided a
fiuid coupling of the shear type comprising a pair of rela-
tively rotatable elements, one preferably in the form of
a disc-like rotor and the other in the form of a casing
or housing enclosing such rotor and having wall surfaces
spaced therefrom to provide a chamber for a supply of
fluid. One or both of the coupling elements may be pro-
vided with means capabie of creating a toroidal circula-
tion of the fluid during periods in which the two elements
are operating at different speeds, such fluid circulation
serving to promote the dissipation of heat generated by
the friction resulting from the slippage.

A feature of the invention resides in providing the
inner walls of the casing or housing, as well as any
torgue plate or rotor wherein such members are caused
o rotate relative to each other, with a series of fluid
passage grooves preferably extending across the operating
face thereof, substantially tangentiaily to the inner rim
portion thereof, the walls defining said grooves being ar-
ranged to converge as they approach the peripheral por-
tion for developing hydraulic pressure tending to sepa-
rate the adjacent operating faces of the housing or plate
and the rotor.

Wherein it may be desired to impose a control on
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the relative amount of slippage, one or more rotors and
one or both of the casing walls defining the chamber
within which the rotor or rotors operate, are made
axially adjustabie relative to each other, or the rotor
may be mounted for free axial movement, thereby mak-
ing it possible to vary the thickness of the fluid film be-
tween the opposed faces of the rotor and the casing walls
or an auxiliary wall plate. Various arrangements to
effect relative axial displacement to vary the thickness
of the fluid film may be employed, as more particularly
hereinafter described.

If desired, the speed of the driven accessory may be
effected automatically in response {0 the demand there-
on. As such a device operates, any tendency toward
increased speed of the accessory is reflected as an in-
crease of the torque which must be applied thereto and
transmitted through the fluid coupling, and such in-
creased torque automatically effects an increase in
slippage. Thus the speed of the driven element or ac-
cessory would increase at a lesser rate than the driving
element or engine.

Other features of the invention will be made more
apparent and be more particularly pointed out in the
following specification and claims.

The full nature of the invention will be understood
from the accompanying drawings and the following de-
scription and claims.

FIG. 1 is a section taken axially through a fluid cou-
pling for an engine cooling fan, illustrative of one modi-
fication of the invention;

FIG. 2 is a section taken on the line 2—2 of FIG. 1;

FIG. 3 is a section taken axially through a modified
form of fluid coupling employed as in the general as-
sembly of FIG. 1, with parts removed;

FIG. 4 is a front elevation of a further modification
illustrating an engine-cooling fan unit with parts re-
moved;

FIG. 5 is a side elevation of the modification shown in
FIG. 4;

FIG. 6 is a section taken axially through the fan unit
shown in FIGS. 4 and 5;

FIG. 7 is the same as FIG. 3 showing a further modified
form of fluid coupling;

FIG. 7-A is a plan view of the torque plate as shown
in FIG. 7 with parts broken away;

FIG. 7-B is a plan view of the inner face of the hous-
ing end cover of FIG. 7 with parts broken away.

FIG. 8§ is the same as FIG. 7, showing a modified form
thereof;

FIG. 9 is the same
fication thereof; and

FIG. 10 is the same as FIG. 3, showing a still further
modification of fluid coupling.

Reference being had to FIGS. 1 and 2 illustrative
of one modification of the invention, and as particularly
applied to an engine cooling fan, there is shown a portion
of a water jacket 10 in an internal combustion engine
formed as at 11 to provide a chamber 12 for a pump-
impeller 13 by which liquid coolant is circulated through
the water jacket and an associated radiator (not shown).
The open side of the chamber 12 is closed by a cover
plate 15 providing an inlet 16 connected to the radiatior
and communicating with the pump chamber 12. The
cover plate has an outwardly projecting hub 20 in which
a pump shaft 21 is supported by the anti-friction bear-
ings 22. The pump shaft extends in both directions
beyond i

as FIG. 3, showing a further modi-

the axial limits of the hub 29, carrying the pump-
impeller 13 at one end and a drive pulley 23 at the other
end, said drive pulley being adapted for connection to
the engine crank shaft in the usual manner as through
the medium of a belt (not shown).
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Secured to the pulley and shaft for rotation therewith,
there is a housing or casing comprising a cup-like element
26 having secured thereto an end cover 27 carrying anti-
friction bearings 28 rotatably supporting a fan hub 29
projecting outwardly beyond the cover 27 for receiving
and supporting the blades 30 of a radiator cooling fan.
Said fan hub 29 extends inwardly into a fiuid chamber
31 within the housing enclosed between the cup-like
element 26 and cover 27.

The inner end of said fan hub carries a disc-like rotor
32 splined thereto so that it may slide axially thereof
while being rotatably driven thereby. The inner face
of the cover 27 is desirably plane over a substantial radial
extent so that it will lie in opposed parallel face-to-face
relation with the rotor 32, and is formed with a series
of grooves 27a hereinafter described in connection with
FIG. 7-B. On the opposite side of said rotor there is
located within the housing a circular plate 33 which
plate lies in opposed parallel relation to the rotor and
is secured to the end of an adjusting rod 34 which
slidably extends through an axial opening in the shaft 21.
The housing element 26 carries an annular series of pins
35 extending freely through openings in the plate 33
which serve both to drive said plate with the housing
and as guides for the compression springs 36 which act
between the inner surface of the cover 27 of the housing
and said plate 33 to bias or urge the latter rearwardly
or away from the rotor 32 to the extent permitted by
the axial displacement of the rod 34 or the inner face
of the hecusing element 26. The rod 34 may be con-
trolled in its axial displacement by any suitable means
as hereinafter more particularly described, being displaced
in cpposition to its bias by springs 36 to vary the plate
33 in its spacing from the rotor.

The chamber 31, enclosed and sealed within the hous-
ing 26, 27, contains a supply of fluid 38 which, when
the housing is rotated, is distributed around the outer
periphery of the chamber by the action of centrifugal
force, The quantity of fluid is so proportioned that when
centrifugally distributed, it will overlap the periphery
of the rotor 32 to a substantial extent. When the hous-
ing is at rest, the fluid will settle to the bottom thereof
under the influence of gravity, and the housing is de-
sirably so designed that the level of fluid so collected
will lie below the bearing seals.

Within the limits occupied by the fluid when distributed
centrifugally around the periphery of the chamber, the
retor 32 is provided with an annular serics of openings
49 extending therethrough. Said rotor is further pro-
vided with an inner passage space 41 extending radially
inward from its periphery to communicate with the re-
spective openings 40,

In the modification thus far described, the application
of a driving force to the pulley 23 will rotate the housing
26, 27, and cause the fluid in the chamber 31 to be
distributed circumferentially around the outer periphery
thereof.

Duc to the shearing action on the fluid resulting from
rotation of the housing and plate 33, torque will be
transmitted through the fluid to the rotor 32 and thence
to the hub 29 and fan 30, thus causing the fan to rotate.
However, since the fluid is incapable of transmitting
torque without some slippage, the fan will be driven at
a speed below that of the housing. As the speed of the
housing increases, the speed of the fan will likewise tend
to increase; but as rotation of the fan at the higher
speed requires rapidly rising torque, the slippage between
the housing and the rotor 32 will increase.

The torque transmitted to the rotor 32 at any given
rotational speed of the housing will depend principally
on the viscosity of the fluid and upon the spacing be-
tween each face of the rotor and the opposed faces of
the cover 27 and plate 33, the transmission of high
torque being favored by the use of high viscosity and
narrow spacing between the retor and opposed faces of
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the cover and plate. Since the torgue is transmitted
from the housing and plate through the fluid to the rotor,
and the average angular velocity of the fluid will be
greater than that of the rotor, the centrifugal force acting
on the fluid at the sides of the rotor will be greater
than that acting on the fluid in the holes 40 and passages
41. A circulation of the fluid will therefore result, the
fluid flowing radially outward along the sides of the rotor,
radially inward through the bassages 41 and axially out-
ward through the holes 49 back to the sides of the rotor.
Such circulation of fluid aids materially in the dissipation
of the heat penerated as a result of the aforesaid slippage.

In designs where the rotor is the driving member, as
hereinafter described, the circulation of the liquid is
reversed. Since the angular velocity of the fluid within
the rotor is greater than that of the fluid between the
rotor and the housing or plate, centrifugal force will
cause the fluid to circulate radially outward through the
rotor and radially inward along the outer sides of the
rotor and thence axially inward within the rotor.

As noted above, one of the factors controlling the
torque transmitted to the rotor js the space or width of
the gap between each of jts outer side faces and the op-
posed surfaces of the cover 27 or plate 33. It is there-
fore possible to control the torque transmited at any
speed by controlling the axial pasition of the plate 33.
For this purpose, there is shown mounted at the center
of the pump-impeller 13 2 temperature-responsive ele-
ment 45 of known type which includes a pin or piston 46
that is projected from the element under the influence of
rising temperatures. By operatively connecting the pis-
ton 46 to the rod 34 on which the plate 33 is carried, the
plate 33 will be moved toward the rotor as the piston
46 is projected from element 45 under the influence of
increases in the temperature of the coolant flowing
through the pump. Such movement of the plate 33 re-
duces the width of the gap at the sides of the rotor 32,
or the effective width of the chamber 31, and thus pro-
moles increase in the torque transmitted through the
fluid to such rotor. Such action tends to increase the
sped of the fan 38 relative to the speed of the driving
housing.

In this manner, the speed of the fan may be auto-
matically controlled in accordance with the temperature
of the coolant so that the fan will not operate faster than
required, and thercfore not absorb more power than is
necessary to maintain the coolant at a predetermined
maximum temperaturc. If the piston 46 of the said
element should project therefrom to an extent sufficient
to cause the rotor 32 to be clamped between the plate 33
and the cover 27, it is desirable to provide an axially
resilient member 47 in the operative connection between
the piston 46 and rod 34. The compressibility of the
member 47 will serve to prevent the application to the
temperature-responsive element, of forces sufficient to
damage it.

To vary the effect of the temperature-responsive con-
trol provided by the element 45, the plate 33 may be
manually adjusted with respect to the rod 34. As
shown in FIG. 1, the driving plate 33 is threadably
mounied on the end of the rod 34 in alignment with
an axial passage 48 extending through the hub 29, Said
passage will normally be closed by the screw-threaded
plug 49 to prevent the escape of fluid from the housing,
By removing the plug 49 a tool may be inserted through
the passage 48 into engagement with a transverse slot
provided in the end of the rod 34 for rotating it relative
to the plate 33 and thereby adjust the position of said
plate relative thereto. Also, the passage 48 may be em-
ployed for introducing fluid into the chamber 31.

In the modified form of fluid drive illustrated in FIG. 3,
the rotor becomes the driving element and the housing
carrying the fan hub or other accessory becomes the
driven element. Thus, the driving pulley 123 is secured
to o flange 124 terminating in an outwardly extending
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hub 123. Surrounding the hub 12§ there is a housing
comprising the member 126 to which is secured a closure
or cover 127 forming thercbetween a chamber 128 for
receiving the fluid 129a. The housing is freely rotatable
about the hub 125 being supported thereon by the bear-
ing members 129 through the medium of an inwardly ex-
tending portion 139 of the housing member 1286. The
housing carries an accessory, such as a cooling fan,
indicated at 131, for rotation therewith.

The extended end of the hub 125 is provided with an
annular series of splines, indicated at 13Z. Shdably
mounted in said splines to be driven thereby there is a
puir of abutting cup-shaped rotor members 133 termi-
nating outwardly and radially in the rotor plate 134
slightly spaced apart and jointly driven by the hub 325,
Said rotor plates are held apart in slightly spaced rcla-
tion by their cup-like portions 133 to provide the rotor
with a radially exiending fiuid passage 135 connecting
with an annular series of holes 136 inwardly thereof for
the toroidal passage of fluid therethrough. The outer
faces of said plates are also normally spaced from the
inner faces of the housing or walls of the chamber 123.

The hub 125 is secured to a hollow driving shaft 121,
through which said temperature-responsive rod 34 ex-
tends from a thermostatic element, as above described.
The outer free end of the rod abuts a shift pin 137 having
its outer end reduced, terminating in a beveled camming
surface 138. Said shift pin is provided inwardly with a
sealing structure 139 and is spring biased against the
action of the rod and thermostatic element by the spring
140, The hub 125 is provided with an annular series
of ball-receiving pockets each retaining a camming ball
141 which extends into camming or wedging engagement
between the reversably arranged flanges of the rotor
plates.

This arrangement is such that upon the hollew shaft
121 being driven by the engine or other source of power,
the rotor plates are thereby driven which, through the
shearing action of the fiuid 129a drives the housing which
in turn drives the fan 131 or other accessory. During
such driving action, the fluid pressure developed about the
periphery of the rotor will cause the fluid to circulate
radially outwardly through the passage 135 and inwardly
through the space between the rotor and walls of the
chamber.

To vary the speed of the drive thermostatically, upon
a rise in temperature the rod 34 will be thrust forwardly
against the biasing spring 14¢, causing the reduced cam-
ming end 138 to force the camming bails 141 radially
outward between the nested rotor cups 133, thereby caus-
ing the rotor plates to be spread apart, each approach-
ing its adjacent wall of the fluid chamber to thereby de-
crease the space therebetween. This action results in a
decrease in the slippage with the consequent approach
to a wet clutch action. Thus, as the rotor discs arc
spread apart by the thermally-controlled rod 34, the
speed of rotation of the fan or other accessory will more
closely approach the driving speed of the driving rotor.

A further modification of the fluid coupling is shown
in FIGS. 4, 5 and 6, having to do particularly with the
toroidal circulation of the fluid for eliminating hot spots
and dissipating the heat generated through the fluid
friction. In this structure, the driving or torque-pro-
ducing element includes the fan pulley 223 mounted on
the water pump driving shaft 121, said pulley being
driven in the usual manner from the crank shaft of the
engine. Secured to the face of the fan pulley by the
plate 228, there is a driven spindle 229 upon which the
fluid housing, comprising the cup-like element 226 and
cover 227, is mounted for free rotation about the anti-
friction bearing 228. The radiator cooling fan blades
230 are sccured to the cup-like element 226 for rotation
with the housing.

The arrangement shown is adapted to be applied to an
internal combustion engine in the usual manncr and as
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illustrated in FIG. 1, there being the usual radiator indi-
cated generally at A (FIG. 6) arranged on the opposiie
side or forwardly of the housing and fan blades. The fan
blades are mounted on the fluid coupling housing for de-
veloping a flow of air through the radiator.

The housing 228, 227 encompasses a fluid chamber 231
which chamber includes a reservoir portion indicated at
231a. A rolor 232 is secured to the end of the spindle
229, to be driven by the shaft 121 and pulley 223, the
rotor thereby becoming the torque-producing element for
effecting a variable drive of the housing and fan through
the fluid coupling. The fluid chamber 231 contains a sup-
ply of fluid indicated at 238 preferably having a normal
level, when the coupling is at rest, below the seals of the
anti-friction bearings 228.

The rotor, as described in respect to FIG. 1 extends
radially betwsen the housing element 226 and its cover
227 in closely spaced face-to-face parallel relation with
the chamber walls defined thereby so that a relatively
thin &lm of fluid may pass therebetween and also between
the circumferential periphery of the motor and chamber.
The rotor is formed of two spaced plates 232a and 232b,
the space therebetween providing a radial fluid passage
341 which communicates with the transverse heles in
said plates indicated at 240,

The cover 227 of the housing is, as best shown in FiG.
4, provided with a series of thin outstanding peripheral
fins 248 extending radially outwardly and forwardly there-
of for effective heat radiation and dissipation.

Tn the ahove described internal combustion engine cool-
ing fap unit, wherein the rotor is directly driven from
the engine crankshaft through the pulley, and the hous-
ing carrying the fan blades is driven from the rotor
through the shearing action of the Suid within the cham-
ber, the fluid will possess an angular velocity greater than
that of the housing, and the fluid pressure caused by cen-
irifugal force will thercfore be less in the spaces at the
sides of the rotor than in the radial passage 241. As a
result the fluid will circulate radially inwardly along the
walls of the chamber, through the holes 24¢, and out-
wardly by way of the passage 241. Said holes 2490 in the
rotor also provide free passage for the fluid frem onc
side of the rotor to the other to thereby equalize the fluid
pressure on both sides of the rotor. Such toroidal circu-
lation of the fluid as above described has an important
effect of removing hot spots which would otherwise be de-
veloped by the fricticnal shearing action and aid in trans-
mitting the heat to the housing for radiation and dis-
gipation through the mediom of the cooling fins 248.

Still a further modification of the fluid coupling having
some aspects of a wet clutch is shown in FIG. 7. Tn this
strinchure, the rotor is the driving member and the housing
is the driven member. A cooling fan or other accessory
to be driven is secured to the housing. However, it is to
be understood that the driving and driven members may
be teversed wherein the housing becomes the driving
member with the rotor becoming the driven member, and
wherein the cooling fan or other accessory is suitably
connected with the rotor to be driven thereby.

In this modification, a portion of the driving pulley is
indicated at 323 being secured to a hollow shaft 321 which
may drive the water pump. A thermally controlled rod
34 extends therethrough into abutting engagement with
shift pin 337 having a flanged scaling structure at 319
against which the biasing spring 340 abuts.

The housing, including the housing member 326 and
cover 327 is rotatably carried on the hub 325 which ex-
tends from the flange 324 secured to the driving pulley.
The housing element 326 is formed with an inwardly ex-
tending bearing sleeve 338 for supporting the housing for
free rotation about the anti-friction bearings 329 carried
by said hub 325,

A centrally disposed axially floating torque transmitting
plate 335 (sce FIG. 7-A) is axially slidable within but ro-
tatable with the housing, extending inwardly from the
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inner periphery thereof. Said torque plate is provided
about its periphery with a series of driving lugs 335a slid-
ably keyed on the inwardly extending peripheral key ways
335b formed about the inner peripheral wall of the hous-
ing. Adjacent thereto, said plate is provided with a series
of interposed notches 335¢c to permit fluid circulation
therethrough.  Said torque plate is formed in two scctions
slightly spaced apart to provide a radially disposed fluid
passage indicated at 335d.  The two sections of the torque
plate are rigidly secured to provide a single unit by
spot-welding or the like. The exposed surface of each sec-
tion of the torque plate is provided with azn annular series
of spaced grooves as indicated at 335¢c.  Said grooves are
arranged to extend across said surface or face of the plate
substantially tangential to the inner rim portion thereof,
as shown in FIG. 7-A, with their defining wails being out-
wardly converging toward the outer rim portion for scoop-
ing up and directing the passage of fluid therethrough
as indicated by the arrows due to the direction of rotation
relative to the rotor. The converging form of the walls
has the further effect of developing a hydraulic pressure
tending to separate the adjacent cperating faces of the
torque and rotor plates and housing when the thermo-
element retracts,

Extending radially outwardly between opposite sides
of said torque plate and the copposed inner surfaces of
the housing there is a rotor 334 comprising rotor plates
334a and 334b. The surfaces of said rotor plates ad-
jacent the torque plate and housing are preferably pro-
vided with non-metallic cluich faces. The inner wall of
the housing cover which lies in face-to-face relution with
the rotor plate 334a is also provided with a scries of
outwardly converging fluid circulating grooves 327a, ex-
tending across said wall substantially tangential to the
inner rim portion of its face, said grooves extending in a
direction to induce the flow of fuid outwardly there-
through. The converging walls of the grooves as shown
in FiG. 7-B also has the further effect of developing a hy-
draulic pressure tending to separate the adjacent operat-
ing faces of the housing and rotor plates. As heretofore
described, said rotor plates are each provided with a series
of holes spaced inwardly from their peripheries as indi-
cated at 336. The housing carries a supply of fluid indi-
cated at 32%a which, when the unit is stationary, prefer-
ably lies below the seals of the bearings 329.

The rotor 334 of this modification is arranged so that
the rotor plate 334b is axially displaceable under thermal
control through the axial movement of the rod 34 and
the shift pin 337.

The rotor plate 334b is formed with a cylindrical cup-
shaped portion 338 which is secured by the dowel pins
341 to a flexible plate 342, said plate in turn being secured
to the forward end of the shift pin 337. Thus as the
shift pin is axially displaced by the thermally controlled
rod 34 against the tension of spring 34@, it will shift
the rotor plate 334b toward the torgue plate 335. On
the other hand, the rotor plate 334a is mounted to axially
float upon the periphery of the cup portion 338 and
driven thereby along with the rotor plate 334b. A cup-
iike support 333 nests within the cup portion 338 to
provide a sliding bearing therefor, and in its forward
face is provided with an annular series of openings 338a
which slidably fit over the inwardly extending body por-
tions of the dowel pins 341, Inwardly, said cup-like sup-
port 333 is formed with a rearwardly extending cylin-
drical flange press fitted on the hub 328 to be driven
thereby, and through which the axially displaccable rotor
plates 334a and 334b are driven.

The arrangement of this modification is such that the
rotar drives the housing through the sheor action of the
fluid contained therein which lies between the adjacent
faces of the rotor plates, torque plate and inner walls
of the chamber 328, as above described.  Aifso as ahove
described, there will be a toroidal circulation of fluid out-
wardly between the relutive rotating fuces of the rotor,

10

15

20

25

30

40

60

70

-3
@

8

torque plate and housing, and through the grooves 335¢
in the plate and the grooves 327a of the housing. The
path of circulation will then move inwardly through the
axial passage 335d of the torque plate and laterally
through the holes 336 of the rotor.

When the cooling system is relatively cold, the driving
efficct of the fluid will be at a minimum with the rotor
plates and torque plate spaced apart within the chamber
328 duc to the uid pressure therebetween. As the ther-
mal action takes place wilh the consequent forward shift-
ing of the rod 34 and shift pin 337, the actuated rotor
plate 334b will be displaced toward the torque plate, re-
ducing the fluid film between their surfaces. This action
will cause the torque plate to be shifted on its key-way
toward the rotor plate 334a. Since this plate is slidably
mounted, it will in turn be shifted toward the adjacent
face of the fiuid chamber or housing cover 327. Thus
the space between the several faces will be decreased
and thercby decrease the relative slippage to effect an
increase in the driving torque transmitted to the housing
and cooling fon. The relative rotation between these
parts will coniinue to be decreased until the non-metallic
face of rotor plate 334b is in wet clutch engagement
with the adjacent face of the torgue plate which in turn
is moved to wet clutch engagement with the non-metallic
face of the rotor plate 3340, the opposite face of which
is moved to wet cluich engagement with the inner face
of the housing cover 327.  Thus at the maximum thermal
displacement of the rod 34, the non-metallic faces of the
relative rotating members will approach a wet clutch ac-
tion. he fluid therebetween other than a thin film wiil
be displaced to circulate through the grooves as above
described; still maintaining the toroidal circulation to dis-
iribute the heat devcloped from the slippage for dis-
sipation through the heat-radiating fins 343 of the housing.

In the modification illustrated in FIG. 8, the structure
is in all respects the same as that shown in FIG. 7 other
than that the torque plate 335 is secured to the housing
50 as to be fixed and not slidable or axially floating, ref-
crence being made to FIG. 7-A. The ears 335a arc
clamped between the housing member 326 and the hous-
ing cover 327. The same provision for toroidal fluid cir-
culation is provided in this structure as above described
with respect to FIGS. 7 and 7-A. However, the rotor
plates indicated in this modification as 434a and 434b
are jointly axially displaceable and rotatable as a fixed
unit; their cup-like formation 438 and 438a being press
fitted together with the inner member 438a press fitted
or otherwise secured to the hub 325 for driving the rotor
unit, and the outer said member 438 being sccured to the
flexible plate 342 for axial displaccment by the rod 34.

As above described in respect to FIG. 7, the face of
rctor plate 434a is provided with a non-metallic facing
for wet clutch action with the adjacent inner face of the
housing cover. Likewise the face of plate 434b is simi-
larly lined for wet clutch action with the adjacent face
of the torque plute. Both rotor plates are driven in
unison from the fan pulley relative to the torgque plate
and the housing.

Normally there will be sufficient space between the ad-
jacent faces of the rotor plate and those of the torque
plate and housing cover to permit of substantial slippage
when the cooling system is cold.  As the cooling system
heats up, the rotor plates wiil both be displaced to the
right to reduce the spacing and increase the driving
torque ihrough the shearing action of the fluid to increase
the relative driven speed of the housing and fan until the
displacement is such that their non-metallic faces come
into wet clutching actien with the torque plate and hous-
ing cover to approach a direct drive thereof.

In respect to both FIGS, 7 and B, the yielding plate 342
provides a safety factor in respect {0 over-loading throngh
cxtreme axial displacement of the thermally controiled
rod 34, At such time as the cluteh faces reach their ex-
treme positions, {urther displacement of the rod 34 wiil
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be taken up by the yielding plate 342. Wheicas in the
modification of FIG, 7 there is provxded three face-to-face
couplings by reason of the axial displacement of the
torque plate and the floating action of one of the rotor
plates, in the modification of F1G. § there will be provided 5
two coupling surfaces as the forward shifting of rod 34
develops.

In the modification of FIG. 9, the structure is in most
respects similar to that of FIGS. 7 and & whercin the rotor

comprises rotor plate §43a for movement teward and 16
from the adjacent face of the housing cover 327. Said

rotor plate is slidably keyed at 332 to the driving hub 323
to be driven thereby. The shift pin 337 is secured thereto
through the flexible plate 342. Also mounted on the hub
325 and driven thereby, there is a corresponding rotor
rlate 534b positionsd adjacent the plate 534a. Its inner
hub drive is press-fitted or otherwise secured to the hub
so that it is not axially slidable or displaceable rclative
thercto. Both of said retor plates are provided with the
openings 336 to permit toroidal circulation of the fluid in-
wardly between the rotor and housing and radially out-
wardly through the passage provided by the spacing of

said plates as indicated at 435.

This medification is such that the rotor comprises two
spaced plates, one of which remains in fixed axial position
relative to the housing while the other plate having
metallic face is axially shiftable toward the adjncent face
of the housing cover so that in its extreme shifted position,
it will effect a wet clutch action therewith, whereas in
its intermediate shiftable positions, it will vary the rel- 30
ative rotation between the driving and driven mombers in
accordance witht he shearing action of the flujd,

The modification illustrated in FIG. 10 is in most res poc
similar to that of FIGS. 8 and 9. In this structure, the
rotor plate 634a is secured as by press fit to the rotor
plate 634b and is slightly spaced thercfrom to provide
a radial passage 635 therebetween, said rotor plates being
provided with the holes 636 to permit of toroidal circu-
lation of the fluid as above described. The rotor, com-
prising said press- -fitted plates, is carried by a cup-shaped
portion 638 inwardly flanged at 332 for splining on the
hub 325 to be driven thereby while axially displaceable
relative thereto through the connection between the shift
rod 337 and flexiblc plate 342.

In this modification, the action is substantially as above
described in respect to the other modifications so far as
fluid coupling and toroidal fluid circulation is concerned,
but wherein the rotor including both rotor plates is axial-
ly shifted within the fluid chamber toward ond away from
the opposed side walls thereof, being movable under thor-
mai control to decrease the slippage and increase the driv-
ing torque until wet clutching action occurs between the
driving and driven elements.

While the mvemlon hﬁs becn dlsu ose 1
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as illustrative and not restrictl‘c in ch(amcim S
modifications may readily suzgest themscives te ;
skilled in this art and within the broad scope of ihe
tion, reference being had to the appended claims.

The invention claimed is:

1. In a fluid coupling, the combination of a torque-
producing element and an accessory element to be driven
thereby, a fluid retaining housing connected with one of
said elements having opposed radinlly extending faces
defining opposite sides of a chamber containing a supply
of ﬂmd a rotor mounted for rotation in said chamber
relative to said housing with its side surfaces extending
in face-to-face parallel normally spaced relation with the 70
faces of said housing, and means for connecting said rotor

with the other said element whereby torque wiil be
transmitted thmugh the shearing action of the fluid from
cne of said elements to the other, =aid wtm and housing
being formed to provide a fluid passage for cresling a 75

,_‘
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toroidal fluid circulation enclosing the peripheral pertion
of said rotor when said clements are operating at different
speeds.

2. In a fluid coupling, the combination of a torque-
producing efement and an accessory element to be driven
therehy, a fluld retaining housing connected with one of
said elements having opposed radiaily extending fuces
defining opposiic sides of a chamber containing a supply
of fivid, a rotor mounted for rotation in said chamber
relative to said housing with its side surfaces extending
in foce-to-face parallel noriually spaced relation with
the faces of said housing, and means for connecting said
rotor with the other said element whereby torgue will
be transmitted through the shearing action of the fluid
from one of said elements to the cther, said rotor having
a radially extending fluid passage communicating with
the periphery thereof and a transverse opening therc-
through to create a toroidzal circulation of the liguid when
said elements arve operating at different speeds

3. In a fluid coupling for connccting a LOIC;IIL produc-
ing element and an accessory element to be driven there-
by, a fluid-retaining housing connected with one of said
elements having opposed radially extending members
delining opposite sides of a chamber containing a supply
of ﬂmd, a rotor member mounted for rotation in said
chamber relative to said chamber-defining members with
its side surfaces extending in face-to-face paralle! nor-
mally spaced relation therewith, means for connecting
said rotor member with the other said element whereby
torque will be transmitted through the shearing action
of said fluid from one of said elements to the other, and
a temperature-responsive means associated with one of
said elements operably connccted with one of said mem-
bers to vary the parallel spaced relation therebeotweocn
and thereby vary the shearing action of the fluid and
t"""v" transmission therethrough.

In a ﬂmd coupling for connecting a torque-pro-
du-mﬂ clement and an accessory element to be driven
thereby, a ﬂuid-retzuinjng housing connected with one of
said elements having opposed radially extending mem-
bers defining opposiic sides of a chamber contait aing a
supply of fluid, a rotor member mounted for rotation in
said chamber relative to said chamber- defining members
with its side surfaces cxtending in face-to-face parailel
normelly spaced relation therewith, means for connecting
said rotor member with the other said element \.'hmbv
toxauc will be transmitted through the shearing action

said fluid from one of said elements to the other, and
a tt‘mp“mfu"e -responsive means associated with one of
said elements operably connected with one of said mem-
bers to vary the parallel spaced relation therebetween and
thereby vary the shearing action of the finid and torque
transmission therethrough, said members being formed
to provide a fluid passage to create a toroidal finid cireula-
tion abont the peripheral portion of said rotor member
when said elements are operaling at different speeds.

5. In a fluid coupling., the combination of a torgue-
producing element and an accessory element to be driven
thereby, a fluid-retaining housing connected with one of
said elements having opposed radially exte nding mem-
ters defining opposite sides of a chamber containing a
uupply of fluid, a rotor member mounted for rotation
in said chamber relative to said chamber-defining mem-
bers with its side surfaces extending in face-to-face par-
allzl normally spaced relation therewith, means for con-
necting said rotor member with the other said element
whereby torgque will be transmitted through the shearing

action of said fluid from one of said elements to the
Other and o temperaturc-responsive mcans associated
with one of said elements operably connected with one
of said members to vary the parallel spaced relation
therebeiween and thereby vary the shearing action of the
fluid and torque transmission t‘bwrvthrouﬂh said rotor
member having a radinlly extending fluid passage com-
municating with the periphery thereof and a transverse
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opening therethrough to crecte a toreidal circulation of
the fluid when such elements arc operating at different
speeds.

6. In a fluid coupling, the combination of a torque-
producing element and an accessory element to be driven
thereby, said coupling comprising coaxial relatively ro-
tatable driven and driving members, cne of said members
comprising a disc-like rotor and the other said member
comprising a housing enclosing said rotor, an axially
movable plate disposed in said housing and rotatable
therewith, said housing and plate having surfaces of sub-
stantially radial extent respectively opposed to opposite
faces of the rotor, said rotor and plate being axially
movable with respect to said housing and to each other,
a supply of fluid in said housing, and means for con-
trolling the axial spacing between said plate, rotor and
housing.

7. In a fluid coupling, the comtination as set forth in
claim 6, characterized by the means for controlling the
axial spaces betwcen said plate, rotor and housing com-
prising a temperaturc-responsive element.

8. In a fiuid coupling, the combination as set forth in
claim 7 with the addition that said housing is the driving
clement of the coupling, a shaft on one end of which said
housing is secursd, said shaft having an axial passage
therethrough, a coolant-circulating pump secured to the
other end of said shaft, a red slidable through the said
passage in said shaft, said plate being secured to one end
of said rod, and said temperature-responsive element being
mounted in said pump and operably connected to said rod
to effect axial displacement of said plate upon tempera-
ture increase in said pump and thereby reduce the axial
spaces between said plate, rotor and housing.

9, In a fluid coupling, the combination as set forth
in claim 6 with the addition that said rotor is provided
with an annular serics of holes extending axially there-
through and a passage extending radially from said holes
to the periphery of the rotor, said holes and passage pro-
viding a path for forced circulation of fluid about the
outer peripheral portion of said rotor.

10. In a fluid coupling, relatively rotatable driving and
driven elements, one of said elements consisting of a
disc-like rotor and the other said element consisting of a
housing enclosing said rotor, the inner surfaces of said
housing being spaced from said rotor, and a supply of
fluid in said housing for transmitling torque between the
said elements, one of said elements being provided with
a radially extending passage communicating at is opposite
ends with the space between the rotor and housing and
providing a path for forced circulation of the fluid about
the cuter peripheral portion of the rotor.

11. In a radiater cocling fan unit for internal com-
bustion engines, the combination with a drive shaft adapt-
ed to be driven by the engine, of a spindle secured there-
to, a fan hub mounted on said spindle for rotation rela-
tive thereto, fan blades securced to said hub, said hub
comprising a housing enclosing a fluid chamber having
radially extending parailel spaced walls terminating in-
wardly thereof in a fluid-recciving reservoir, torque-
transmitting fluid in said reservoir, a disc-like roter se-
cured to said spindle for rotation thercwith extending
radially between said walls in closely spaced parallel rela-
tion therewith for transmitting torque through the fluid
to said housing, said rotor having a radial fluid passage
extending from its outer periphery inwardly into com-
munication with an annular serics of holes therzin to
provide a path for toroidal circulation of the fluid out-
wardly through said passage and inwardly along the
walls of said chamber to rcmove hot spots and transfer
heat gencrated thereby to said housing, and an annular
series of outwardly extending radiating fins formed on
said housing for radiating and dissipating the heat con-
ducted thereto by the toroidal circulation of the fluid.

12. In a radiator cooling fan unit for internal com-
bustion cngines the combinaiton with a drive shaft adapt-
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ed to be driven by the engine, of a spindle secured thereto
and projecting axially toward the radiator, a fan hub
mounted on bearings surrounding said spindle for rota-
tion relative thercto, fan blades secured to said hub, said
hub comprising a housing cnclosing a liguid chamber
having radially cxtending parallel spaced walls termi-
nating inwardly thercof in a liquid-receiving reservoir,
torque-transmiiting fluid in said reservoir, a rotor se-
cured to said spindle for rotation therewith having spaced
plates extending radially between seid walls in closely
spaced parallel relation therewith for transmitting torque
through the fluid to said housing, the space between said
plates providing a fluid passage cxtending from their
outer periphery inwardly into communication with an
annular series of holes thercin to provide a path for
toreidal circulation of the fluid outwardly through said
passage and inwardly along the walls of said chamber to
remove hot spots and transfer heat generated thereby to
said housing, and an annular series of outwardly extend-
ing radiating fins formed on said housing directed into
the air flow developed by said fan for radiating and dissi-
pating the heat conducted thereto by the toroidal cir-
culation of the fluid.

13, In a fluid coupling, the combination of a torque-
producing element and an accessory element to be driven
thereby, a fluid-retaining housing connected with one
of said elements having cpposed radially extending faces
defined opposite sides of a chamber containing a supply
of fluid, a rotor mounted for rotation in said chamber
relative to said housing, said rotor comprising a pair of
separate plates arranged in face-to-face relation with their
respective outer side surfaces extending in face-to-face
parallel normally spaced relation with the faces of said
housing, means for slidably connecting said rotor plates
with said other element for rotation therewith while
permitting rclative axial displacement of said plates and
housing, and a temperature-responsive means in said
coupling operably connected with one of said plates to
shift said plates axially relative to each other and the
faces of said housing for controlling the torque trans-
mitted through the shearing action of said fluid from
one of said elements to the other, the plates of said rotor
being provided with an annular series of holes spaced
inwardly from the peripheries thereof to provide a fluid
passage between said plates for creating a toroidal cir-
cujaticn of the fluid about the peripheral portion of
said plates when said elements are operating at differ-
ent speeds.

14. In a fluid coupling, the combination of a torque~
producing element and an accessory element to be driven
thereby, a fluid-retaining housnig connected with one of
said elements having opposed radially extending faces
defining opposite sides of an annular chamber containing
a supply of liquid, a rotor mounted for rotation in said
chamber relative to said housing, said rotor comprising
a pair of separate plates arranged in face-to-face rela-
tion with their respective outer side surfaces extending
in face-to-face parallel normally spaced relation with the
faces of said housing, means for slidably connecting said
rotor plates with said other element for rotation there-
with while permitting relative axial displacement of said
plates and housing, and a temperature-responsive means
in said coupling operably connected with one of said
plates to shift said plates axially relative to each other
and the faces of said housing for controlling the torque
transmitted through the shearing action of said fiuid from
one of said elements to the other.

15. In a fluid coupling, the combination with a torque-
preducing element and an accessory element to be driven
thereby, of a fluid rctaining housing connected with
one of said clements having opposed annular faces de»
fined by inner and outer rim portions to provide side
walls of a chamber containing a supply of fluid, a rotor
mounted for rotation in said chamber relative to said
housing, means for slidably connecting said rotor with
the other said clement to be driven thercby wherchy
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torque will be transmitted through the shearing action
of the fluid from one of said elements to the other,
said rotor comprising a pair of spaced rotor plates, one
of said plates being provided with a nen-metailic surface
for wet clutching engagement with the adjacent face of
said housing, and thermally controlled means for axiaily
shifting said rotor to move its said surface toward wet
clutching action with the said face of said housing.

16. In a fluid coupling, the combination as set forth
in claim 15 with the addition that said housing face is
provided with a series of fluid passage grooves extend-
ing across said face substantially tangentially to its inner
rim portion, said grooves being defined by walls con-
verging toward said outer rim portion to cause hydraulic
pressure to be exerted between said housing and rotor.

i7. In a fluid coupling, the combination as set forth
in claim 15 wherein said housing carries an axially dis-
placeable torque plate extending inwardly from thke pe-
ripheral wall thereof between said rotor plates, means for
mounting said rotor plates for axial displacement relative
to each other, said torque plate and housing, said ther-
mally controlled means being operable to shift one of
said rotor plates toward said torque plate and cause said
torque platz to shift the other rotor plate toward one
face of said housing for wet cluiching action thercbe-
tween.

18. In a fluid coupling, the combination as sct forth
in claim 15 wherein said housing carries an annular terque
plate extending inwardly from the periphery thereof bo-
tween said spaced rotor plates, one of said rotor plates
being axially shiftable by said thermally controlled means
toward wet clutching action with said torque plate, the
cpposed operating faces of said plaies being defined
inwardly by an annular inner rim portion, and a serizs
of fluid passage grooves extending across the face of
one of said plates substantially tangentially of said inner
rim portion, cach groove being defined by walls converg-
ing toward its peripheral portion to develop a hydraulic
pressure therebetween tending to separate said platcs.

19. In a fluid coupling, the combinatiocn set forth in
claim 15 wherein one of said roter plstes is fixed to
said one of said elements and the other said rotor plate
is rotatable therewith while axially shiftable by said
thermally controlled means relative to caid fixed plate
into and out of wet clutching engagement with the ad-
jacent surface of said housing.

20. In a fluid coupling, the combination of a torque-
producing clement and an accessory element to be driven
thereby, a flnid containing housing connected with one of
said elements, said housing having opposed radially ex-
tending faces, a rotor mounted for rotation relative to
said housing between said faces with its side surfaces
extending in operating face-to-face parallel normally
spaced relation therewith, means for connecting said
rotor with the cther said element whereby torque will
be transmitted through the shearing action of the finid
from one of said elements to the other, and a series of
fluid passage grooves extending over at least one oper-
ative face of said housing, the walls defining said grooves
being arranged to converge as they approach the pe-
riperal portion thereof for developing a hydraulic pres-
sure tending to separate the rotor from said eperating
face of said housing.

21. In a fluid coupling, the combination of a torque-
producting element and an accessory element Lo be driven
thereby, of a fluid retaining housing connected with one
of said elements having opposed annular faccs definad
by inner and outer rim portions and providing opposite
sides of a chamber containing a supply of fluid, a rotor

nounted for rotation in said chamber relative to said
housing with its side surfaces extending in operating face-
to-face parallel normally spaced relation with the faces
of said housing, means for connecting said rctor with
the other said element whereby torque will be trans-
mitted through the shearing action of the fluid from
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one of said clements to the other, and an annular serics
of fluid passage grooves extending across at least one
cperating face of said housing substantially tangentially
to said inner rim portion, the wails defining said grooves
being arranged to converge as they approach the outer
rim portion for progressively reducing the passage area
to devzlep hydrauvlic pressure tending to separate the
operating face of said rotor from the adjacent face of
said housing.

22. In a fluid coupling, the combination of a torque-
producing clement and an accessery element to be driven
thereby, of a fluid retaining housing connected with
one of said elemenis containing a supply of fluid, said
housing being provided with an annular operating face,
a rotor mounted for rotation in said housing with an
annular operating face arranged in face-to-face parallel
normally spaced relation with the operating face of said
housing, said operating faces being defined by inner and
outer rim portions, means for connecting said rotor witi
the other said clement whereby torque will be transmitted
thirough the shearing action of the fluid, and an annular
series of flnid passage grooves extending across at least
one of said faces substantially tangentially to its inner
rim portion, the walls defining said grooves being ar-
ranged to converge as they approach the outer rim por-
tien for progressively reducing the passage area to de-
velop hydraulic pressure tending to separate said faces.

23. An engine fan cccessory including a fan and com-
prising a first rotatable member, a second rotatable mem-
bor disposed for rotation about the axis of rotation of
said first rotatable member and having portions extend-
ing on cpposite sides of said first rotatable member and
defining a fluid chamber enclosing the cuter periphery of
at least part of said first rotatable member, fluid means
within said chamber, said second rotatable member hav-
ing spaced opposed surfaces on opposite sides of said
first rotatable member cooperating with said fluid means
to provide a shear-type fluid drive between said mem-
hers on rofation of said first rotatable member, and
means wmounting said fan dircctly on said second rotetable
member s0 as to be supported thereby and rotatable
therewith.

24. An engine cooling fan accessory comprising a
shaft, a member defining a chamber coaxial with said
shaft and having side walls extending generally trans-
versely of said shaft, said shaft extending through one
of said walls, and antifriction bearing mount associated
with one of said walls and supporting said member in
a cantilevered manner for rotation relative to said shaft,
an engine cooling fan carvied by said member, a disk
within said member and supported on said shaft for
rotation therewiti, fluid means within said chamber, said
chamber having internal walls adjacent the outer pe-
ripheral portion of said disk and cooperating therewith
and with said fluid means to provide a shear-type fluid
drive.

25. A fluid coupling comprising a first rotatable mem-
ber, a second rotatable miember heving portions extending
on opposite sides of said first rotatable member and de-
fining e fluid chamber encompassing at least the outer
peripliery of a portion of said first rotatable member,
fluid means within said chamber, said members being
coaxtal and being supported in coaxial relationship by
bearing means consisting of a becring mount disposed
between the members and comprisving antifriction bear-
ing means including a plurality of rotatable elements and
said first and second rotatable members having spaced
opposed surfaces adjacent said outer periphery cooperai-
ing with said fluid means to provide a shear-type fluid
drive to rotate one of said rotatable members upon rota-
tion of the other of suid rotatable members.

26. A coupling unit comprising a shaft having a first
member thercon extending transversely of said shaft and
rotatable therewith, a second member having portions on
opposiie sides of said first member and defining a fluid
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chamber encompassing at least the outer periphery of ing on said bearing of suid shaft and said second member

said first member, means supporting said shaft and said about an axis extending transversely of said shaft.

second member in coaxial relationship and for rotation
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