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(54) U N I D I R E C T I O N A L CLUTCHES 

(71) We, D A N A C O R P O R A T I O N , a 
corporation organized under the State of 
Virginia, one of the United States of Amer-
ica, of 4500 Dorr Street, Toledo, Ohio, 

5 United States of America, do hereby de-
clare the invention, for which we pray that a 
patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow-

10 mg statement:-
This invention relates to unidirectional 

clutches. 
Unidirectional clutches are utilized in 

many industries, one of which is the nuclear-
15 to-electrical energy conversion industry. 

Unidirectional clutch mechanisms are em-
ployed, for example, to protect coolant 
pumps and associated drive motors against 
reverse rotation. Unidirectional clutches are 

20 used instead of check valves and electrical 
safeguards to prevent damage which might 
otherwise result f rom backwards movement 
of ancil lary mach ine ry . T h e coolant-
circulation systems that move large volumes 

25 of water through nuclear reactors require 
components that can maintain efficiency 
when a subsystem malfunction occurs. In 
the typical pressurized water reactor prim-
ary coolant system and the typical boiling 

30 water reactor, there are four motor-driven 
pumps. The pumps are driven by very large 
motors (6000 -12000 h.p.) and are arranged 
in parallel , all circulating the coolant 
through the reactor vessel. If the drive to 

35 one pump is interrupted, the amount of 
backflow of coolant through that pump must 
be limited. It will be appreciated that the 
prevention of reverse rotation of the pump 
is important because starting or stopping a 

40 backwardly rotating pump can impose a 
severe strain on its drive motor, also the 
reverse flow of the coolant is not desirable 
and could result in inefficiency. The sprag-
type unidirectionl clutch has been found 

45 successful in preventing reverse rotation of 

motor driven pumps. Such a clutch mechan-
ism consists basically of a cylindrical inner 
race and a coaxial cylindrical outer race. 
The races are held apart by bearings and the 
annular space between them contains ele- 50 
ments which allow relative rotation of the 
races in one direction, but lock up to 
prevent relative rotation in the other direc-
tion. In an example of use of such a clutch, 
the outer race is connected to the motor 55 
shaft and the inner race is held stationary. 
During normal forward operation, the outer 
race overruns the inner race. Should rever-
sal of rotation occur, however, the elements 
engage to prevent the outer race and the 60 
motor from rotating in the reverse direction. 

It is important that automatic engagement 
occurs at zero speed. Engagement should 
occur instantaneously, before the motor-
drive pump actually reverses. When the 65 
pump is shut down, the clutch continues to 
overrun as the pump slows. When the pump 
reaches zero speed, the clutch should auto-
matically engage by mechanical action to 
prevent any degree of reverse rotation. 70 

In the past, small motor driven pump 
installations relied on ratchet type devices 
with elements in the form of pins which are 
movable under gravity or by centrifugal 
force to engage in detents in a relatively 75 
rotating member to perform the clutching 
action. In relatively large system of the type 
employed in the nuclear energy systems, the 
mechanical requirements are too severe for 
such devices. One of the primary deterrents 80 
to the use of ratchet and pin devices in the 
above application is that some reverse rota-
tion is allowed to occur before they engage. 
The pump flywheel may be, for example 12 
inches thick and 65 inches in diameter and 85 
may weight 11,000 pounds. With such a 
mass, even a 3 degree rotation would 
require much energy to stop it. This is the 
reason the application of the stopping action 
at precisely the zero-speed point is impor- 90 
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tant . 
Since long life is impor tan t for a nuclear 

sys tem, t h e sprag e lements should b e 
fo rmed of a high-carbon alloy steel with 

5 chromium diffused into the surface thereof . 
T h e resultant surface hardness has a high 
resistance t o corrosion and to abrasion. 

Ano the r application fo r unidirectional 
clutches in the nuclear energy field is in a 

10 s tandby system for coolant pumps . In such a 
system, two o r more motors , any one of 
which can drive, are coupled to the drive 
shaft fo r the pumps through sprag type 
clutches. 

15 According to one aspect of the present 
invention the re is provided, in a unidirec-
tional clutch having two races defining an 
annular space therebetween, a tiltable ele-
men t disposed within the annular space and 

20 adapted t o prevent relative rotat ion be-
tween the inner and ou te r races in one 
direction and to permit relative rotation of 
the races in the opposi te direction, t he 
element having camming surfaces fo r en-

25 gagement with the surfaces of the respective 
races, a por t ion of each of the camming 
surfaces being arcuate having its centre of 
curvature located within the profi le of the 
e lement , the centres of curvature of these 

30 two portions being offset f r om one another , 
at least one of the camming surfaces having 
a fur ther por t ion which is arcuate with its 
centre of curvature located outside the 
profile of t he element . 

35 According to another aspect of the pre -
sent invention there is provided a sprag 
element fo r a unidirectional clutch, t he 
element having two camming surfaces fo r 
engagement with respective races of the 

40 clutch, each of these surfaces having an 
arcuate por t ion which has its centre of 
curvature located within the profi le of the 
element and at least one of the surfaces 
having a fu r the r arcuate port ion which has 

45 its centre of curvature located outside the 
profi le of t h e e lement . 

For a bet ter understanding of the present 
invention, and to show how it may b e 
carried into effect , reference will now b e 

50 m a d e , by way of example only, to the 
accompanying drawings, in which: 

Figure 1 is a f ragmentary elevational view 
of a unidirectional clutch; 

Figure 2 is an enlarged f ragmentary view 
55 of a portion of the clutch illustrated in 

Figure 1 in one operative condit ion; and 
Figure 3 is an enlarged f ragmentary view 

similar to Figure 2 showing the clutch in 
another operat ive condit ion. 

60 T h e clutch illustrated in Figure 1 compris-
es an outer race 10 having an inner surface 
12 and an inner race 14 having an outer 
surface 16. T h e inner surface 12 of the outer 
race 10 and outer surface 16 of the inner 

65 race 14 are spaced apar t so as to define a 

substantially annular space therebe tween 
and a series of sprag elements 20 is arranged 
circumferentially within the annular space. 
The clutch is adapted to opera te so tha t the 
races 10 and 14 are connected fo r rotat ion 70 
together in one direction, bu t permits f r e e 
relative rotat ion of t h e races in the opposi te 
direction. 

T h e inner surface 12 of the outer race 10 
is fo rmed with an internal cylindrical surface 75 
with a radius R 0 centred on a point O , T h e 
outer surface 16 of the inner race 14 is 
fo rmed with an internal cylindrical surface 
having a radius R ; also centred on the point 
O. 80 

T h e sprag elements 20 each have , as 
clearly illustrated in Figures 2 and 3, a race 
engaging camming surface 22 at one end 
thereof and a race engaging camming sur-
face 24 at the opposi te end thereof . T h e 85 
surface 22 is m a d e up of two arcuate 
port ions of different radii , al though in other 
embodiments the re may be more than two 
such arcuate port ions. The port ion f rom 
point a to point b has a radius rx and is 90 
centred on a point p disposed within the 
profile of the sprag e lement 20; while the 
fu r ther port ion f r o m point b to point c has a 
radius R 0 ' and is centred on a point O ' 
disposed outside the prof i le of the sprag 95 
element 20. In the illustrated embodiment 
the radius R 0 ' is t he same as tha radius R 0 of 
the inside surface 12 of the ou te r race 10. 
T h e point b is referred to as a b lend point , 
being tha t point at which the two different 100 
port ions blend together . 

T h e radially inner surface 24 of the sprag 
element 20 comprises a single arcuate por-
tion d-e which is centred on a por t ion p' and 
has a radius rt' which is substantially the 105 
same as the radius r{ of the port ion a-b of t he 
radially outer surface 22. However , in order 
to render the desired camming or wedging 
action as the sprag e lement 20 tilts in a 
counter-c lockwise d i rec t ion , t he cen t re 110 
point p' of the port ion d-e is offset f rom the 
centre point p of the port ion a-b. 

T h e sprag elements 20, as illustrated in 
Figure 1, are f o rmed with laterally extend-
ing trunions having slots 26 through which 115 
may pass spring means 28 for holding the 
elements 20 apar t f r om each o ther and in 
contact with the surfaces 12 and 16. It will 
b e unders tood tha t equally successful results 
may be obtained by connecting suitably 120 
designed spring means in other ways to the 
elements 20 to hold them in position. 

Each of the sprag elements 20 has , at one 
circumferential end , a generally f lat surface 
30 terminating in an arcuate upwardly and 125 
outwardly extending section 32. T h e other 
circumferential end surface 34 is generally 
f lat and extends f rom point e to point c. 

In operat ion of the unidirectional clutch, 
t he outer race 10 is held stationary and the 130 
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inner race 14 is connected to a motor shaft, 
although the reverse arrangement is possi-
ble. In normal operation the inner race 14 
rotates in the clockwise direction as seen in 

5 Figure 1. However, if there is any tendency 
for the inner race 14 to rotate in the 
anti-clockwise direction, the sprag elements 
tilt in a counter-clockwise direction to cause 
the camming surfaces 22 and 24 to engage 

10 firmly the adjacent race surfaces 12 and 16, 
respectively, and thereby cause the assem-
bly to be in the "locked-up" condition, as 
shown in Figure 2. When the sprag elements 
20 are in the "locked-up" condition, no 

15 relative rotation between the races 10 and 
14 occurs. Accordingly, any torque applied 
to the inner race 14 will be transmitted 
through the sprag elements 20 to the outer 
race 10. While it is mentioned that there is 

20 no relative motion between the races 10 and 
14, there may be "wind-up" in one of the 
races with respect to the other, depending 
on the physical and metallurgical properties 
of the races and the amount of torque 

25 applied to the system. 

Torque is transmitted from one race to 
the other through the sprag elements 20 
when they are in an engaged condition 
between the races 10 and 14. This torque is 

30 transmitted by means of frictional forces 
existing between the surfaces 12 and 22 and 
between the surfaces 16 and 24. The direc-
tion of this frictional force is parallel to the 
surfaces at the point of contact. Therefore, 

35 the frictional force between the surfaces 12 
and 22, designated by f0, acts along a 
tangent between the surfaces 12 and 22 at 
the point S. Similarly, the frictional force 
between the surfaces 16 and 24, designated 

40 by/ ; , acts along a tangent to the surfaces 16 
and 24 at the point T. 

Torque is defined as the vector product of 
a force times the perpendicular distance 
between the force and the axis of rotation. 

45 The torque applied to the sprag elements 20 
at the point T is thus equal to the product 
/ j .Rj , and the torque applied at the point S is 
equal to the product / 0 . R 0 . Since the sprag 
elements 20 are in rotational equilibrium in 

50 the engaged condition, the torque applied at 
T must be equal and opposite to the torque 
applied at S and therefore since R 0 is greater 
than R;, the force/ ; must be greater t h a n / 0 . 

The torque transmitted through the sprag 
55 element 20 is thus directly related to the 

frictional forces / j and fQ existing between 
the sprags 20 and the races 10 and 14. The 
frictional forces/ ; a n d / 0 are variable quanti-
ties and are dependent upon the coefficients 

60 of friction jXj and n0 between the sprag 
element 20 and the races 14 and 10, respec-
tively, and are directly related to the normal 
forces N; and N 0 exerted by the races 14 and 
10, respectively, upon the sprag element 20. 

65 The limiting relationships are given by the 

formula /i = m Nj and f0 = N 0 . In most 
applications, the coefficients of friction Li; 
and n0 will be equal if the inner and outer 
races are of the same material, but this 
condition need not be so. The normal force 70 
Nj, by definition, must act along the line 
Op' and is applied to the sprag element 20 at 
point T. Similarly, the normal force N 0 acts 
along the line Op and is applied to the sprag 
element 20 at point S. Since the sprag 75 
element 20 when engaged is in translational 
as well as rotational equilibrium, the resul-
tant of the forces N; and/- must lie along the 
line of action ST and must be equal and 
opposite in direction to the resultant of the 80 
forces N 0 and fa. 

It should be noted that as the sprag 
elements 20 rock, or tilt f rom the position 
generally shown in Figure 1 to the position 
shown in Figure 2, (and subsequently to the 85 
position shown in Figure 3) the radial 
dimension thereof continuously increases, 
with respect to the point 0, at a rate 
determined by the camming surfaces 22 and 
24, thereby causing greater and greater 90 
frictional engagement between the camming 
surfaces 22 and 24 of the sprag elements 20 
as more torque is applied to the system up to 
the rated torque for the particular design. 

Should an inordinate amount of momen- 95 
tary excessive torque be applied to the input 
connected to the clutch, the sprag elements 
20 will be tilted or rocked fur ther in the 
anticlockwise direction causing the portion 
of the camming surface 22 between, the 100 
points b and c to move into contact with the 
adjacent inner surface 12 of the outer race 
10 as shown in Figure 3. The excessive 
torque levels then applied to the clutch will 
cause the camming surface 22 between the 105 
points b and c to slide across the inner 
surface 12 of the outer race 10 thereby 
avoiding any roll-over of the sprag elements 
20 and avoiding the application of a load 
sufficient to crush the sprag elements 20. 110 

Once the excessive torque loading is 
relieved and the load returns towards the 
normal torque loading, the race 10 turns in a 
clockwise direction relative to the race 14, 
and, by virtue of such relative rotation of 115 
the races f rom the position illustrated in 
Figure 3 to the position illustrated in Figure 
1, causes the races to be completely f reed, 
because the effective radial dimensions of 
the sprag elements 20 will have decreased. 120 

It will be appreciated that, in order to 
avoid any permanent damage to the clutch, 
the distortion of the outer and inner races, 
due to the increase in effective radius of the 
sprag elements during excessive torque 125 
loadings, must be limited to levels below 
those at which permanent plastic deforma-
tion would occur. 

The unidirectional clutch which has been 
described employs sprag elements 20 where- 130 
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in the camming surface 24 adjacent the 
outer surface 16 of the inner race 14 is 
formed by a single arcuate portion the 
centre point of which is located within the 

5 profile of the sprag element, and the oppo-
site camming surface 22 adjacent the inner 
surface 12 of the outer race 10 is formed by 
two arcuate portions the centre point of one 
of which is located within the profile of the 

10 sprag element while the centre point of the 
other is located outside of the profile of the 
sprag element. The invention further en-
compasses the concept of the reversal of the 
camming surfaces wherein the camming 

15 surface adjacent the outer surface of the 
inner race is comprised of two arcuate 
portions, the centre point of one of which is 
located outside the sprag element profile, 
and the opposite camming surface adjacent 

20 the inner surface of the outer race is formed 
by a single arcuate portion with its center 
point located within the sprag element 

rofile. Also, both camming surfaces could 
ave two arcuate portions. 

25 In summary, an embodiment of, the 
present invention provides a unidirectional 
clutch including inner and outer races which 
can be mechanically coupled together by the 
action of a plurality of tiltable sprag ele-

30 ments, which increases in overall effective 
dimension as they are tilted or rocked in a 
given direction. In order to absorb a 
momentary excessive torque effectively 
without adversely damaging the operative 

35 parts of the clutch the tiltable sprag ele-
ments have camming surfaces at opposite 
ends, at least one of which includes an 
arcuate portion centred on a point lying 
outside the profile of the sprag element. The 

40 extreme limit of the radius of this arcuate 
portion is the radius of the inner surface of 
the outer race. 

The clutch described can absorb high 
torques and yet is of compact comstruction. 

45 Where an excessive torque is applied to the 
clutch, it will momentarily release to allow 
relative movement of the two races, so 
avoiding permanent damage to the clutch. 

W H A T WE CLAIM IS:-
50 1. In a unidirectional clutch having two 

races defining an annular space therebe-
tween, a tiltable element disposed within 
the annular space and adapted to prevent 
relative rotation between the inner and 

55 outer races in one direction and to permit 
relative rotation of the races in the opposite 
direction, the element having camming sur-
faces for engagement with the surfaces of 
the respective races, a portion of each of the 

60 camming surfaces being arcuate having its 
centre of curvature located within the pro-
file of the element, the centres of curvature 
of these two portions being offset from one 
another, at least one of the camming sur-

65 faces having a further portion which is 

arcuate with its centre of curvature located 
outside the profile of the element. 

2. An element as claimed in claim 1 in a 
unidirectional clutch in which the two races 
comprise an outer race having an inner 70 
surface and an inner race having an outer 
surface, the annular space being defined 
between the inner and outer surfaces of the 
races. 

3. An element in a unidirectional clutch 75 
as claimed in claim 2, in which the further 
arcuate portion having its centre located 
outside the profile of the element is pro-
vided on the camming surface adjacent the 
inner surface of the outer race. 80 

4. An element in a unidirectional clutch 
as claimed in claim 3, in which the radius of 
the further arcuate portion is equal to the 
radius of the inner surface of the outer race. 

5. An element in a unidirectional clutch 85 
as claimed in any of claims 1 to 3, in which 
each of the camming surfaces has a said 
further arcuate portion having its centre 
located outside the profile of said elements. 

6. An element in a unidirectional clutch 90 
as claimed in any one of claims 1 to 5, in 
which the or each further portion is pro-
vided at an end of the respective camming 
surface. 

7. A sprag element for a unidirectional 95 
clutch, the element having two camming 
surfaces for engagement with respective 
races of the clutch, each of these surfaces 
having an arcuate portion which has its 
centre of curvature located within the pro- 100 
file of the element and at least one of the 
surfaces having a further arcuate portion 
which has its centre of curvature located 
outside the profile of the element. 

8. A unidirectional clutch substantially 105 
as described herein with reference to the 
accompanying drawings. 

9. A sprag element for a unidirectional 
clutch, substantially as described herein 
with reference to the accompanying draw- 110 
ings. 
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