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(57) Abstract

A differential drive mechanism comprises a
cage (8), which is rotatable about an axis (6) and
represents the input, two coaxial output shafts (2, 4)
which are rotatable with respect to the cage (8) about
the said axis, a coupling (16) which is connected
eccentrically to the two output shafts (2, 4) to
transmit relative contrarotational movement between
them by connections (12, 22, 24) which permit
relative rotation of the coupling (16) and the output
shafts about an axis substantially parallel to the said
axis and a restraint member (20) which is coupled to
the cage (8) and to the coupling (16) such that the
coupling (16) is rotatable with respect to the cage (8)

about an axis substantially perpendicular to the said
axis and is capable of reciprocating movement in a
direction perpendicular to the said axis but prevented
from movement in a direction parallel to the said axis
(6). The eccentric connection of the coupling (16)
and the output shafts (2, 4) includes a respective
eccentric hole (12) formed in the inner end (10)
of each output shaft (2, 4) in which the associated
end of the coupling (16) is received, the ends of
the coupling (16) having a part-spherical engagement
surface. One or more portions of the coupling (16)
or of a member connected to it (18; 2, 4; 20)
constitute a piston which is slidably received in the
respective cylinder defined by a further component
or components (8, 20; 8) of the differential drive

mechanism. The said portion(s) of the coupling (16) or of the said member (18; 2, 4; 20) or one of the said further components (8, 20;
8) defines a restricted passage (36; 42; 44; 58) which connects the cylinder to a further space. When differential rotation of the output
shafts (2, 4) occurs a fluid, such as oil, within the cylinder is cyclically discharged into and withdrawn from the further space through the

restricted passage.
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DIFFERENTIAL DRIVE MECHANISMS

The present invention relates to differential drive
mechanisms and is concerned with such mechanisms of the
type which comprise a cage which is rotatable about an
axis and represents the input, two coaxial output shafts

which are rotatable with respect to the cage about the

said axis, a coupling which is connected eccentrically to

the two output shafts to transmit .relative contra-
rotational movement between them by connections which
permit relative rotation of the coupling and the output
shafts about an axis substantially parallel to the said
axis and a restraint member which is coupled to the cage
and to the coupling such that the coupling is rotatable
with respect to the cage about an axis substantially
perpendicular to the said axis and <capable of
reciprocating movement in a direction perpendicular to
the said axis but prevented from movement in a direction
parallel to the said axis, the eccentric connection of
the coupling and the output shafts including a respective
eccentric hole formed in the inner end of each output
shaft in which the associated end of the coupling is
received, the ends of the coupling having a part-
spherical engagement surface. Such a differential is

disclosed in German Patent No. 819628.

An inherent characteristic of such differentials is that
if the resistance to rotation of one of the output shafts
should decrease substantially, e.g. if the wheel attached
to that output shaft is in contact with mud or ice, that
output shaft commences to rotate very much faster than
the other output shaft. This results in a transfer of

torgue from the one output shaft tc the cther but conly to
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a limited extent which is governed by the torque bias
ratio of the differential which is the maximum possible
ratio of the torque applied to the two output shafts. 1In
normal operation the torque bias ratio desirably has a
value of say 2 to 3 but in the event that one output
shaft is rotating very much more rapidly than the other,
that is to say the differential is differentiating at
high speed, it is desirable that the torque bias ratio
should have as high a value as possible so that the
maximum amount of torque: is transmitted to the more
slowly rotating output shaft. This is desirable so as to
ensure that power 1is not expended spinning a vehicle
wheel and that the maximum amount of power 1is available
to the other wheel to drive the vehicle over the patch of
mud or the like. It is, therefore, desirable that the
torque bias ratio is strongly speed dependent, that is to
say increases substantially with increased speed of

differentiation.

Differentials of the type referred to above inherently
have little or no speed sensitivity ofbthe torque bias
ratio due to the fact that the frictional torque is
substantially independent of speed. A speed dependent
torque transfer is desirable and it is therefore an
object of the present invention to provide a differential
of the type referred to above which has a substantial

speed sensitivity of the torque bias ratio.

According to the present invention a differential drive
mechanism of the type referred to above is characterised
in that one or more portions of the coupling or of a
member connected tO it constitute a piston which 1is
slidably received in a respective cylinder defined by a

further component or components of the differential drive
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mechanism, that the said portion(s) of the coupling or of
the said member oY oOne of the said further components
defines a restricted passage which connects the cylinder
to a further space, whereby when differential rotation of
the output shafts occurs a fluid within the cylinder is
cyclically discharged into and withdrawn from the said

further space through the restricted passage.

The present invention is based on the recognition that
when a differential of the type referred to above
differentiates the coupling or a member connected to it,
which may be the restraint member, reciprocates linearly
with respect to the cage perpendicular to the said axis
and that the ends of the coupling or members connected to
it, which may be the output shafts, reciprocate with
respect to the cage parallel to the said axis and that
one or more of the said reciprocating members may form
one half of =& piston/cylinder unit and that, if a
restricted passage is formed in either the piston or
cylinder of the unit, fluid contained within the cylinder
will be pumped through the passage which will generate
pressure which resists differentiation of the
differential. The magnitude of this pressure increases
with increasing speed of differentiation, and in fact
increases with the square of the velocity of the oil
through the restricted passage, whereby the . torque
transferred across the differential during
differentiation  will increase substantially  with
increasing differential speed. Such speed dependent
torque transfer across the differential will result in

the torgue bias ratio increasing substantially with

increasing speed.

The fluid which is pumped back and forth by the piston/
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cylinder unit (s) may be air but it is preferred that it
is a liquid, such as 0il, and in practice it may be an
oil/air mixture. -The further space into which the fluid
is pumped may be outside the differential drive mechanism
and may constitute, for instance, simply an oil sump.
However, it is preferred that the further space 1is
defined within the differential drive mechanism and that
its volume increases as that of the associated cylinder
decreases and vice versa. Whilst there are several
spaces within differential drive mechanisms of the type
referred to above whose volume cyclically increases and
decreases as differentiation occurs, that is to say as
differential rotation of the output shafts occurs, it is
preferred that there are two pistons received within
associated cylinders which are connected together by the
restricted passage, whereby each cylinder constitutes the
said further space for the other cylinder. Thus in this
constructidn the oil or other fluid is simply pumped back
and forth between the two cylinders, the combined volume

of which remains constant.

In one embodiment the restraint member is fixed relative
to the cage, the coupling member is mounted -to
reciprocate in rotation about the restraint member and
linearly parallel to the length of the restraint member,
the coupling member including a tubular portion which
extends around the restraint member and whose ends
constitute annular pistons received in respective
cylinders defined by the cage and the restraint member,
the restricted passage constituting a bore within the
restraint member extending substantially parallel to its
length and two further bores which extend transverse tO

its length and connect the bore to respective cylinders.

~
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In a further embodiﬁent the coupling member is connected
to move with the restraint member, the two ends of which
constitute pistons within respective cylinders defined by
the cage, the restricted passage comprising a bore within

the coupling member which connects the two cylinders

together.

In a further preferred embodiment in which the fluid is
not simply pumped back and forth between two cylinders,
the ends of the coupling are restrained within the
eccentric holes so as to pe fixed parallel to the said
axis, but nevertheless still rotatable about the axis of
the holes, whereby when differential rotation of the
output shafts occurs they reciprocate longitudinally,
whereby the inner ends of the output shafts constitute
pistons within cylinders defined by the cage. The
restricted passage may then pe formed through each inner
end. Alternatively, a space may be provided within each
output shaft and the restricted passage is formed in each
output shaft which connects the associated space to the
associated cylinder. In the latter case it will be
appreciated that there is an inherent tendency for the
total volume of the space occupied by the oil or other
fluid to vary as the piston reciprocates but this may be
compensated for in the event that the space is filled
with oil by the provision of a piston which is in sliding
sealing engagement with the wall of the space and is
biased into engagement with the oil by a épring. The
piston thus moves automatically in response to changes in

volume of the oil space.

Tt will be appreciated that the piston(s) inherently move
with a generally sinusoidally varying speed 1in the

associated cylinder(s) . This tends to result in the
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frictional torqgue and thus the torque bias ratio varying
cyclically over each differential revolution. In a
further preferred embodiment'this cyclical variation is
substantially smoothed by configuring the components SO
that the resistive force exerted by the oil and thus the
torque bias ratio varies in a manner similar to that of
a square wave rather than a sinusoidal wave. Since the
torque bias ratio is dependent in part on the
instantaneous value of the pressure generated in the
fluid when differential rotation of the output shafts
occurs, this may be effected by providing a variable
restriction in or associated with the restricted passage
which automatically varies the flow area of the
restricted passage in inverse relation to the velocity of
the fluid whereby, when the piston is moving the
resistive force exerted by the oil is smoothed. This
variable restriction may have a variety of forms but in
one embodiment of the invention one end of the restricted
passage 1is opposed to the surface of a member which moves
relative to the restricted passage when differential
rotation of the output shaft occurs, the said surface of
the member having a profile which is so shaped that the
spacing between the end of the restricted passage and
said surface varies cyclically, whereby the resistance to
flow presented by the restricted passage varies
cyclically also. Alternatively, the restricted passage
may include a variable restrictor valve member which is
biased into contact with the surface of a member which
moves relative to the restricted passage when
differential rotation of the output shafts occurs, the
said surface of the member having a profile which is so
shaped that the position of the variable restrictor valve
member moves relative to the restricted passage

cyclically, whereby the resistance to flow presented by
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the restricted passage varies cyclically also.

Further features and details of the invention will be
apparent from the following description of certain
specific embodiments which is given by way of example

with reference to the accompanying drawings, in which:

Figure 1 is a sectional view of the first embodiment of

the invention;

Figure 2 is a similar view of the second embodiment;
Figure 3 is a similar view of the third embodiment ;

Figure 4 is a sectional view at right angles to that of
Figures 1 to 3 which shows the fourth embodiment on the
right hand and a modification thereof on the left hand

side;

Figure 5 1is a scrap sectional view on the line 2Z-Z in

Figure 4;

Figure 6 is a sectional view similar to Figure 3 of the

fifth embodiment;

Figure 7 is an end view of the fifth embodiment from the
left in Figure 6 with the portion on the line Z-Z in

section;

Figure 8 1is a view similar to Figure 1 of the sixth

embodiment;

Figure 9 is a sectional view on the line IX-IX in Figure

8; and
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Figure 10 is a scrap sectional view on the line X-X in

Figure 9.

The differential of Figure 1 includes two output shafts
2 and 4, which are rotatable about a common axis 6 and
pass through, and are rotatable with respect to, a cage
8 which is also rotatable about the axis 6. The cage has
an end cover 9 which is the final drive flange through
which rotational movement is transmitted to the cage. At
their inner ends the output shafts have a thickened
portion 10 in which a cylindrical hole or recess 12 1is
formed, the axis 14 of which is parallel to but offset
from the axis 6. Received in the holes 12 are the ends
of a coupling bar 16 at whose centre there is a tubular
portion 18 defining a hole whose axis is perpendicular to
the axis 6. Slidably and rotatably received in this hole

is a restraint bar 20.

The énds of the restraint bar 20 are fixedly secured and
sealed in respective holes in opposed sides of the cage
8. At its ends the coupling bar 16 carries part-
spherical segments 22 whose surface engages the
complementary internal surface of a respective sleeve 24

which is slidably received in the associated eccentric

hole 12.

The external surface of each thickened portion 10 is of
circular shape and is spaced by a clearance from the
opposed circular portion of the internal surface of the
cage, which is less than the clearance between the output
shafts 2 at the point at which they pass through the
cage, so that contact may not occur at that point. A
sliding interface 23 ig thus defined between each

thickened portion and the cage.
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The tubular portion 18 of the coupling 16 is a close
sliding fit between the outer surface of the restraint
bar 20 and an opposed circular section portion of the
inner surface of the cage 8 and seals 30 and 32 on the
outer surface of the restraint bar 20 and the tubular
portion 18 ensure & seal between the opposed sliding
surfaces. Each end of the tubular portion 18 might thus
be thought of as constltutlng an annular piston within an
annular cylinder deflned by the restraint 20 and the cage
8. Provided within the restraint bar is an axial bore 34
which communicates with the interior of each cylinder by
way of a respective small radial bore 36. The outer ends

of the bore 34 are closed by respective seals 38.

In use, when a vehicle, to which the differential is
fitted, travels in a straight line, the cage is rotated
about the axis 6 and thus rotational movement is
transmitted through the restraint and coupling bars 20,
16 to the output shafts 2, 4 and all the illustrated
components rotate at the same speed and do not move
either linearly or in rotation with respect to one
another. A substantial proportion of the propulsive
torque of the engine is transmitted from the cage 8 to
the restraint bar 20 and thence to the coupling bar 16.
This load displaces the output shafts by a small distance
perpendicular to the axis 6 and thus presses one side of
the outer surface of the thickened portion of the inner
surface of the cage 8 with a force which increases with
the propulsive torque. This contact effectively
constitutes a force-locking connection between the cage
and the output shafts and a significant proportion of the
propulsive torque is thus transmitted directly from the
cage to the output shafts and bypasses the restraint and

coupling bars which can thus be of lighter construction
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than usual and are subject to a reduced tendency to
failure. If the vehicle should turn a corner, one of the
output shafts rotates at a slower speed and thus contra-
rotates with respect to the other output shaft. This
movement causes linear movement of the coupling bar 16
along the length of the restraint bar 20 and rotational
movement about it and this movement is transmitted to the
other output shaft as a corresponding increase in
rotational speed by the reciprocating rocking motion of
the coupling bar. The coupling bar thus reciprocates
linearly in the plane of Figure 1 along the restraint bar
20 and oscillates in rotation about the restraint bar 20
at a rate determined by the differential speed of the two
output shafts. The oscillatory movement of the coupling
bar results in its ends and the sleeves 24 reciprocating
pack and forth in the eccentric holes 12. The force
transmitted from the coupling bar to the thickened
portions 10 is transmitted over the relatively large area
of the external surface of the sleeves 24 and thus no
excessively large contact 1oads are produced whereby wear
of the cooperating surfaces of the sleeves 24 and
thickened pdrtions 10 is minimised. The contra-rotation
of the output shafts results in the areas of contact
petween the thickened portions 10 and the internal
surface of the cage contra-rotating also. This generates
a frictional torque where both the normal force and the
coefficient of friction are load dependent, which means
that the torque bias ratio of the differential increases

with increasing load.

As the coupling bar 16 reciprocates linearly along the
length of the restraint bar 20 the pistons constituted by
the opposed ends of the tubular portion 18 reciprocate

into and out of the cylinders defined by the restraint
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bar and cage. The available space within the cylinders,
that is to say the space not occupied by the pistons, and
the bores 34, 36 connecting them are occupied by a fluid.
This fluid may be air but in the present case it is oil
or some similar liquid due to its higher density and
viscosity. As one of the pistons moves into the
associated cylinder it displaces the oil therein through
the bores 34, 36 into the other cylinder whose volume is
of course increasing at the same rate. The pressure
generated in the oil by the pumping action is of a
magnitude which is related to the speed of reciprocation
and thus to the differential rotational speed of the
output shafts 4, 6. Accordingly, as the differential
speed increases, the oil pressure and thus the resistance
to differentiation increases also and this results in a
substantial increase in the torque bias ratio and thus
transfer of torque from the output shaft which is

rotating faster to that which is rotating slower.

The embodiment of Figure 2 is generally similar but the
bores 34, 36 have been omitted and the tubular portion 18
of the coupling 16 is shorter and does not form a sliding
seal with opposed surfaces of the cage 8 or the inner
ends 10 of the output shafts. Furthermore, the ends of
the coupling bar 16 are not free to reciprocate within
the eccentric holes 12 because the sleeves 24, whilst
still free to rotate within the holes 12, are fixed in
position, in this case by respective circlips 40.
Nevertheless, linear reciprocation of the ends of the
coupling bar 16 still occurs but in this case this is
transmitted to the output shafts 4, 6. This embodiment
is therefore suitable for applications, e.g. in a front
wheel drive car, in which thé outer ends of the output

shafts are connected to universal joints or the like (not
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shown) which can readily accommodate cyclical

longitudinal movement .

Thus when differential rotation of the output shafts
occurs, their inner ends 10 constitute pistons which
reciprocate within respective cylinders constituted by
respective portions of the cage 8. A bore 42 parallel to
the axis 6 passes through the inner end 10 of each output
shaft on that side of the axis 6 which is remote from the
axis 14. Seals 44, 46 on the inner ends 10 of the output
shafts 2, 4 and on their smaller diameter portions ensure
a reliable seal at the sliding interfaces 23 and between
the shaft 2, 4 and the cage 8. As before, the interior
of the cage is substantially sealed and occupied by a
fluid, which is again preferably oil. Thug as the inner
ends 10 reciprocate the oil is transferred or pumped
cyclically through the bores 42 from one side of the
inner ends 10 to the other, that is to say between the
spaces in front of the inner ends 10 bounded by the
output shafts, the cage, the coupling bar and the
restraint bar and the spaces behind the inner ends 10
bounded by the output shafts and the cage. The sum of
the volume of these spaces is of course always constant.

The effect of this is the same as in the previous

embodiment.

The embodiment of Figure 3 is again generally similar to
that of Figure 1 but the coupling bar 16 is integral with
the restraint bar 20 and the tubular portion 18 is thus
not present. The cage 8 extends over the ends of the
restraint bar 20 which are provided with annular seals 48

and are accommodated as a sealed sliding fit within

complementarily shaped cylindrical recesses 50 defined by

the cage. The restraint bar 20 is again provided with an
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axial bore 34 but the bores 36 are omitted. The bore 34
is relatively large but accommodates a restrictor or
throttle 52. The available volume of the cylinders 50

and the bore 34 are occupied by oil.

When differential rotation of the output shafts occurs,
the coupling bar 16 again reciprocates linearly parallel
to the length of the restraint member 20. The latter
thus reciprocates linearly also (and indeed in rotation)
due to the fact that it is integral with it. The ends of
the restraint bar 20 thus constitute pistons which
reciprocate within their respective cylinders 50. The
o0il in the cylinders 1is thus cyclically pumped through'
the bore 34 between the two cylinders. The effect of

this is the same as in the previous embodiments.

The embodiment shown in Figure 4 is similar to that of
Figure 2 in that the sleeves 24 are again fixed in
position and the output shafts therefore reciprocate
longitudinally and the inner ends of the output shafts
constitute pistons which reciprocate within cylinders
defined by respective portions of the cage 8. However,
each output shaft has a respective longitudinal hollow or
bore 54 formed in it and the space which is occupied by
the oil is constituted by the bore 54 and the space 56
behind the associated inner end 10 which is defined by
the inner end 10, the associated output shaft and the
cage. The space 56 is connected to the bore 54 by a
radial bore 58 in the wall of the output shaft. Situated
within the bore 54 is a piston 60 whose outer surface is
engaged by one end of a compression spring 62 whose other
end is retained fixed by a circlip 64. The spring urges
the piston 60 inwardly against the oil so that the spaces
54 and 56 are maintained full of oil at all times.
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When differential rotation of the output shafts occurs
the inner ends 10 reciprocate within their cylinders thus
resulting in a cyclical variation in the volume of the
spaces 56. This results in oil being cyclically pumped
into the space 54 and withdrawn from it. The effect of

this is the same as in the preceding embodiments.

The above description relates to the construction
illustrated on both sides of Figure 4 but on the left
hand side of that Figure and also in Figure 5 a
modification is shown whose purpose igs to smooth the
cyclical variation of the torque bias ratio described
above as the cage rotates relative to the output shafts.
In the construction shown on the right of Figure 4 the
outer end of the bore 58 communicates directly with the
space 56 but in the construction shown on the left it is
directed towards the wall of the bore in which the shaft
4 is received. This wall has a profile 59 as shown in
Figure 5 so that it approaches closer to the outer end of
the bore 58 at four positions spaced apart by 90° than at
all other positions. At these four positions the
resistance to oil flow is increased and these increases
are timed to occur at the four periods of minimum
velocity of the piston (and in fact occur each time the
linear or rotational speed of reciprocation of the
coupling with respect to the cage is zero) and are
dimensioned so that the variation in pressure of the oil
within the cylinder is not generally sinusoidal but has
a form approximating to that of a square wave, whereby
variations in the oil pressure and thus in the torque

bias ratio as the piston moves are reduced or smoothed.

The fifth embodiment shown in Figures 6 and 7 is
generally similar to that of Figure 1 except that the
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restrictor 52 has been omitted and the lower end of the
bore 34 is closed by a seal 38 and the bore communicates
at its lower end with the cylinder 50 by way of a
restricted passage 60 which extends at an acute angle to
the radial direction. gituated in the wall of the
cylinder are two vertical elongate, circumferentially
spaced grooves O recesses 62 which are generally opposed
to the outer end of the restricted passage 60. The
recesses 62 constitutes a profiling of the surface of the
lower cylinder 50 whose purpose is similar to that of the
profiling 59 in Figure 5. Thus as differentiation occurs
the restraint bar 20 reciprocates longitudinally and in
rotation and as it does soO 0il is pumped between the two
cylinders via the bores 34 and 60. The recesses 62 are
dimensioned and positioned so that as the downstream end
of the passage 60 moves linearly and in rotation it is
opposed to one O other of the recesses 62 for most of
each cycle but is partially obstructed by the cylinder
wall at four separate times spaced apart by 90°. These
times correspond to the périods of minimum speed of the
pistons. Whén the passage 62 is partially obstructed in
this manner the resistance to oil flow through it is
temporarily increased which leads to an increase in the

torque bias ratio in the same manner and for the same

purpose as that in Figure 5.

Figures 8 to 10 show a further embodiment which 1s a
modification of that shown in Figure 4 but also has the
additional advantage of that shown in Figure 5 and also
in Figures 6 and 7. In this case the restricted passage
58 cooperates with a variable restrictor valve member 64
which is slidably accommodated in a bore 59 and in the
peripheral surface of which an annular groove 68 1is

formed. The variable restrictor valve body 64 is biased
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by a spring 66 into contact with the end surface of the
coupling 16 which is profiled so that the distance by
which the valve body 64 projects out of the passage 58
varies cyclically and reaches four extreme values, i.e.
maxima or minima per differential revolution. The flow
resistance presented by the valve body 64 is at a minimum
when the annular groove 68 is in line with the restricted
passage 58. The minima in the flow resistance are timed

to occur at the same times as in the preceding

embodiments.

It will be appreciated that numerous modifications and
further constructions are possible. Thus in the
embodiments described above the pistons form a
substantial seal with the surface of the associated
cylinder by virtue of their relative dimensions and
preferably also the provision of one or more seals or
piston rings. However, this is not essential and in a
modified construction, which is not 4illustrated, the
restricted passage is connected and sealed at each end to
the interior of a respective flexible bag or bellows of
the type used in an aneroid within which the oil is
contained and between which the oil is pumped through the
restricted passage as the piston reciprocates. Since the
0il is contained within a separately sealed space, a seal
between the pistons and the associated cylinders is no

longer necessary.

Tt will be appreciated also that many of the features of
the above embodiments may be transferred to different
embodiments and that the features of certain pairs of the

above embodiments may be combined.
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CLATIMS
1. A differential drive mechanism comprising a cage

(8), which is rotatable about an axis (6) and represents
the input, two coaxial output shafts (2, 4) which are
rotatable with respect to the cage (8) about the said
axis (e), a coupling (16) which is connected
eccentrically to the two output shafts (2, 4) to transmit
relative contra-rotational movement between them by
connections (12, 22, 24) which permit relative rotation
of the coupling (16) and the output shafts (2, 4) about
an axis (14) substantially parallel to the said axis (6)
and a restraint member (20) which is coupled to the cage
(8) and to the coupling (16) such that the coupling (16)
is rotatable with respect to the cage (8) about an axis
substantially perpendicular to the said axis (6) and
capable of reciprocating movement in a direction
perpendicular to the said axis (6) but prevented from
movement in a direction parallel to the said axis (6),
the eccentric connection of the céupling (16) and the
output shafts (2, 4) including a respective eccentric
hole (12) formed in the inner end (10) of each output
shaft (2, 4) in which the associated end of the coupling
(16) is received, the ends of the coupling (16) having a
part-spherical engagement surface, characterised in that
one or more portions of the coupling (16) or of a member
connected to it (18; 2, 4; 20) constitute a piston which
is slidably received in a respective cylinder defined by
a further component or components (8, 20; 8) of the
differential drive mechanism, that the said portion(s) of
the coupling (16) or of the said member (18; 2, 4; 20) or
one of the said further components (8, 20; 8) defines a

restricted passage (36; 42; 34; 58) which connects the
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cylinder to a further space whereby when differential
rotation of the output shafts (2, 4) occurs a fluid
within the cylinder is cyclically discharged into and
withdrawn from the said further space through the

restricted passage.

2. A mechanism as claimed in Claim 1 characterised in
that the said further space is defined within the
differential drive mechanism and its volume increases as

that of the associated cylinder decreases and vice versa.

3. A mechanism as claimed in Claim 1 or Claim 2
characterised in that there are two pistons received
within associated cylinders which are connected together
by the restricted passage (34, 36; 34; 34, 60), whereby
each cylinder constitutes the said further space for the

other cylinder.

4. A mechanism as claimed in Claim 3 characterised in
that the restraint member (20) is fixed relative to the
cage (8), that the coupling member (16) is mounted -to
reciprocate in rotation about the restraint member and
linearly parallel to the length of the restraint member,
that the coupling member (16) includes a tubular portion
(18) which extends around the restraint member (20) and
whose ends constitute annular pistons received in
respective cylinders defined by the cage (8) and the
restraint member (20) and that the restricted passage
constitutes a bore (34) within the restraint member
extending substantially parallel to its length and two
further bores (36) which extend transverse to its length

and connect the bore (34) to respective cylinders.

5. A mechanism as claimed in Claim 3 characterised in
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that the coupling member (16) is connected to move with
the restraint member (20), the two ends of which
constitute pistons within respective cylinders (50)
defined by the cage (8) and that the restricted passage
comprises a bore (34) within the coupling member (20)

which connects the two cylinders (50) together.

6. A mechanism as claimed in Cclaim 2 characterised in
that the ends of the coupling (16) are restrained within
the eccentric holes (12) so as to be fixed parallel to
the said axis (6) whereby when differential rotation of
the output shafts (2, 4) occurs they reciprocate
longitudinally whereby the inner ends (10) of the output
shafts (2, 4) constitute pistons within cylinders‘defined
by the cage (8) and that a restricted passage (42) 1is

formed through each inner end (10).

7. A mechanism as claimed in Claim 2 characterised in
that the ends of the coupling (16) are restrained within

the eccentric holes (12) so as to be fixed parallel to

the said axis (6) whereby when differential rotation of

the output shafts (2, 4) occurs they reciprocate
longitudinally whereby the inner ends (10) of the output

‘shafts (2, 4) constitute pistons within cylinders defined

by the cage (8), that a space (54) is provided within
each output shaft (2, 4) and that a restricted passage
(66) in each output shaft (2, 4) connects the associated

space (54) to the associated cylinder.

8. A mechanism as claimed in Claim 7 characterised in
that the space (54) 1s filled with oil which is engaged
by a piston (60) which is in sliding sealing engagement
with the wall of the space (54) and is biased into
engagement with the oil by a spring (62) .
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9. A mechanism as claimed in any one of the preceding
claims characterised in that one end of the restricted
passage (60; 58) is opposed to the surface of a member
(4; 8) which moves relative to the restricted passage
when differential rotation of the output shafts (2, 4)
occurs, the said surface of the member (4; 8) having a
profile (59; 62) which is so shaped that the spacing
between the end of the restricted passage (60; 58) and
the said surface varies cyclically, whereby the
resistance to flow presented by the restricted passage

(58) varies cyclically also.

10. A mechanism as claimed in any one of the preceding
claims characterised in that the restricted passage (58)
includes a variable restrictor valve member (64) which is
biased into contact with the surface of a member (16)
which moves relative to the restricted passage when
differential rotation of the output shafts (2, 4) occurs,
the said surface of the member (16) having a profile
which is so shaped that the position of the variable
restrictor valve member (64) moves relative to the
restricted passage (58) cyclically, whereby the
resistance to flow presented by the restricted passage

(58) varies cyclically also.
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