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@ Wabbler plate engine mechanisms.

@ The invention relates to wabbler plate engine mechan-
isms. One such mechanism has a wabbler plate (16} rotatably
mounted on a wabbler carrier {12) which is in turn inclinably
mounted on a crankshaft (2) in a crankcase (6). The wabbler
plate {16) has a plurality of arms (20) which are coupled to
pistans (24) slidably mounted in cylinders (22) arranged
around the axis of the crankshaft (2). As the crankshaft (2)
rotates, each arm (20) oscillates laterally relative to its respec-
tive piston (24} and a stabilizer mechanism comprising ball
races (32, 34) on the wabbler plate and a ball carrier (36) on the
crankcase (6), is included to prevent the oscillations from
QN unbalancing the mechanism. This construction is quite satis-
< factory but is not readily adaptable to provide for variable
displacement. Attempts have been made to incorporate this
I facility, but a successful solution has not yet been found.
in order to provide a variable displacement facility in an
engine mechanism of the above kind, the present invention
incorporates means (44) for shifting the rotational axis of the
wabbler plate (16) along the axis of the crankshaft (2}, and the
ball carrier {36) parallel thereto, while simultaneously altering
the angle between the crankshaft axis and the wabbler carrier
{12) to vary the stroke of the mechanism. The invention also
provides for the effective lengths of the ball races (32, 34) to be
variable to accommodate the alteration of said angle.
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This invention relates to wabbler plate engine
mechanisms and has as its aim to introduce a variable
displacement facility thereto which is simple in operation
and preserves the stability of the mechanism. Such
mechanisms are useful in internal and external combustion
engines and in pumps.

Wabbler plate engine mechanisms broadly comprise
a plurality of piston/cylinders arranged around a crankshaft
axis, and coupled to arms of a wabbler plate rotatably
mounted on a wabbler carrier, which is obliquely mounted
on a crankshaft. As the crankshaft rotates, each piston
is forced to reciprocate in its cylinder, and vice versa.
These mechanisms are known for example from U.S.Patent
No.2 258 127 to Almen. The mechanism described in that
Patent resolved a number of problems inherent in wabbler
plate mechanisms, particularly that of stabilizing the
mechanism while permitting the wabbler plate arms to
oscillate relative to each piston in a plane perpendicular
to the axis thereof. Almen describes the provision of
ball races on curved surfaces of the wabbler plate and
crankcase which confine a ball at the intersection thereof.
As these races are only in alignment at the top dead centre
and bottom dead centre positions of the pistons, the ball

can never become displaced. 'The Almen mechanism is quite
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satisfactory for fixed displacement but is not adapted

to variable displacement.

The present invention seeks to adapf a wabbler
plate engine mechanism generaliy of the kind disclosed
in U.S.Patent No.2 258 127. As in this patent, a mechanism
according to the invention comprises a crankcase having a
crankshaft rotatable therein; a wabbler carrier obliquely
mounted on the crankshaft; and a wabbler plate rotatably
mounted on the carrier; a plurality of cylinders arranged
around the crankshaft with pistons reciprocaliy moveable
therein along axes substantially parallel to the rotational
axis of the crankshaft, the wabblér plate having arms
extending radially therefrom to bearings coupling each arm
to a piston, each hearkg’permittiﬁg lateral movement of
the respective arm relative to the axis of the piston; and

a stabilizer mechanism operating between the wabbler plate

-and the crankcase comprising ball races formed in juxtaposed

curved surfaces of the wabbler plaﬁe and a ball carrier on
the crankcase, and a ball confined at the intersection of
the ball races. However in addition, means are provided
for shifting the rotationél axis of the wabbler plate along
the axis of the crankshaft, and the ball carrier on the

crankcase parallel thereto, while simultaneously altering
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the angle between the crankshaft axis and the wabbler carrier
to vary the stroke of the engine mechanism. Further, the
effective lengths of the ball races of the stabilizer
mechanism ére variable to accommodate the alteration of

said angle.

In preferred embodiments of the invention, the
crankshaft is slidably coupled to an output shaft, the
shifting means being operable to shift the crankshaft
relative to the output shaft. To achieve simultaneous
alteration of the wabbler carrier angle, the carrier is
coupled by a flexible linkage to a connection fixed
axially in relation to the crankcase, the linkage causing
alteration of said angle as the shafts are shifted relative
to one another. One such linkage comprises links pivotally
mounted on the connection and pivotally coupled to the
wabbler carrier at a position eccentfically located with
respect to the rotational axis of the crankshaft.

Another such linkage comprises a body integral
with the wabbler carrier defining a slot extending substant-
ially parallel to the rotational axis of the wabbler plate
on the carrier, the fixed connection slidably engaging the
slot to cause alteration of said angle upon relative axial
movement of the body and the connection. This arrangement
is better suited to larger mechanisms, primarily for the
reason that the crankshaft must normally be slotted to

permit the connection to be mounted on the output shaft
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while engaging the slot in the body on the wabbler
carrier.

The shifting means may take a number of forms,
and various suitable systems are referred to herein. The
means may if desired be coupled to the output shaft to
obviate the need for an auxiliary power source to effeet
the change, or for purely manual operation. The mechanisms
described herein can alsé be adjusted while they are
operating, which is also facilitated by some form of .
automatic operation. |

Provision may also be made in mechanisms according
to the invention for altering the wabbler carrier angle
independently of any shifting of the wabbler plate axis.
This enables the stroke of the mechanism to be adjusted by
small amounts, thereby varying the compression ratio within
perceptible limits..

The variations afforded by the present invention

are of particular value in the field of motor transport

" where ehgines are continually being used under different

demand conditions. For town driving for example; an

engine embodying the invention can be adjusted to minimum
displacement, while £he effective capacity can be increasea
for high speed motoring. VIn this way, optimuﬁ fuel economy

can be achieved. Adjustment can also be made while a
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vehicle is in motion, to match the engine to the wvehicle

road load requirements.

The invention will now be described by way of
ekample and with reference to the accompanying drawings
wherein:-

Figure 1l is a longitﬁdinal cross—-section of one
embodiment of engine mechanism according to the invention,
the piston illustrated being in the bottom dead centre
position, and the mechanism being af maximum displacement;

Figure 2 is a view similar'to ;hét_df Figure 1,
but showing,phe mechanism at minimum displacement;

Figuré'é is a transverse cross-section (but not
in a true position) of the medhanism of Figure 1, showing
the main components of the wabbler plate and étabilizer
mechanism; ‘

Figure 4 shows in longitudinal cross-section a
portion of a mechanism similar to that of Figure 1, but
incorporating means for independently altering the wabbler
carrier angle; and

) Figufe 5 is a view, similar to that of Figure 1, of

another embodiment of the invention.

In none of the figures of the drawings is a cylinder

head assembly illustrated. In each case, this may be of
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conventional design depending of course upon the purpose;
i.e. engine or pump, for which the mechanism is to be used.
In the engine mechanism of Figures 1 to 3, a
crankshaft 2 is mounted in bearingsr4 on a crénkcase 6 and
slidably coupled to an anchor member 8. The anchor
member is mounted in radial and thrust bearings 10 on the
crankcase 6. The crankshaft 2 supports a wabbler carriér
12, pivotally mounted on trunnion pins l14. An annular wabbler
plate 16 is mounted in thrust and radial bearings 18 on
the carrier 12 and includes a plurality of armsrzo-(in
this embodiment five) extending fadially therefrom. A
plurality of cylinders 22 are arranged around the crankshaft
2, with their axes parallel thereto, and a piston 24 is
reciprocally movable in each cylinder.
At the bottom of eéch piston is formed a poéket
bore 26 having an opén end directedrradially inwards
towards the crankshaft axis. This bore 26 slidably
receives a bearing piston 287to which ah arm 20 is coupled
by means of a little end bearing on a wrist pin 30. As the
crankshaft 2(and wabbler carrier 12) rotate, each arm 20
will describe a lemniscate, (a figure of eight on the surface
of a sphere) and this moﬁémenﬁ is accommodated by the
radial freedom afforded by the bearing piston 28 in bore

26, and the tangential freedom afforded by the designed
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end float on wrist pin 30, best shown in Figure 3.

The bearing piston 28 and wrist pin 30 assembly
has the effect of transferring the engine torgque reaction
equally to all cylinders 22 from pistons 24 and to crank-
case 6, with the exception of the frictional torque
generated by the bearing surfaces. To counteract this

frictional torgque, a stabilizer mechanism is included. This

mechanism consists of ball races 32, 34 formed in juxtaposed

curved surfaces of the wabbler plate 16 and a ball race
carrier 36 mounted on the crankcase 6 diametrically
opposite one of the arms 20. The race 34 in the ball race
carrier 36 and the axis of the crankshaft 2 have a common
plane, but the race 34 is concave with respect thereto,
defining the arc of a circle with its centre at the
intersection of the crankshaft axis and the axis of the
trunnion pins 14. The race 32 on the wabbler plate716

defines a similar arc, but because of the rotation of the

crankshaft 2 and wabbler carrier 12, the two races will only

be aligned when the engine mechanism is at its top (TDC)

or its bottom (BDC) dead centre position. At all other

times the races will be mutually inclined and the stabilizer

mechanism is completed by a ball 38 confined between the
two races 32, 34 where they intersect or, in the extreme

positions, overlap.

- -
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In order to vary the displacement of the engine
mechanism, means are provided for shifting the ciankshaft
2 axially with respect to the crankcase 6, and for simultan-
eously altering the angle'betweenrthe wabbler carrier 12
and the crankshaft axis. Therlatter alﬁeration chanées
the stroke of the pistons 24 while the former shifts the
oscillatory motion of the pistons 24 such that their
respective top dead centre positioné are proéerly located.
The shifting means in the embodiment of Figures 1 to 3
operates as follows:

The main shaft 2 is slidably axially,wi%h respect
to the crankcase 6 in the bearings 4 and in the anchor
member 8 in a close sliding fit. Thrust bearing rings 40
and 42 are fixed to the crankshaft 2 and are rdtatably
mounted with respect to a member 44 by means of thrust
beings 46 and 48. The member 44 has an eXteinal screw
thread 50 which mates with a complementaryxinternal screw
thread 52 formed in the crankcase 6. Rotation of the member
44 with respect to the crankcase 6 shifts the crankshaft
2 axially within the engine mechanism. A pinion gear 54
is shown for effecting this movement. Manual, electric,
pneumatic oi hydraulic mechanisms might be used to achieve
this, with or without the use of the pinion gear 54. At its

other end, to the right as shown in Figures 1 and 2, the
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crankshaft 2 is splined to an output shaft 36, this splined
coupling 58 accommodating the axial shift of the crankshaft
2 without displacing a flange 60 on the output shaft 56
for coupling to for example the transmission system of a
motor vehicle. |

As noted above, the wabbler carrier 12 is pivotally
mounted on the crankshaft 2 by trunnion pins 14. For any
given axial position of the crankshaft 2, the angle between
the wabbler carrier 12 and the crankshaft axis is fixed
by a flexible linkage between the wabbler carrier 12 and
the anchor member 8.which prevents relative rotation
therebetween. The anchor member 8 carries a connection 62
to which a two piece link 64 is pivotally connected at one
end. At its other end the link 64 is pivotally connected
to a pin 66 mounted on the wabbler cqrrier 12. An identical
linkage will normally be provided on the opposite side of the
wabbler carrierrz. When the crankshaft 2 is shifted axially
the link 64 alters the angle of the wabbler carrier 12
as shown in Figure 3. The dimensions of the linkage will
be chosen to provide a suitable displacement characteristic
for the mechanism.

It will be appreciated that as the crankshaft 2
is shifted axially, so must the ball race carrier 36 to

ensure that the centre of curvature of the race 34 remains
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at the intersection of thé trunnion pin 14 and crankshaft
2 axes. To provide this synchrondous movement the ball
race carrier 36 is slidably mounted in the crankcase 6
on rails 68 and coupled to the crankshaft 2 by a bearing
member 70. The bearing member 70 receives the rim 72
of a bearing ring 74 fixed on the crankshaft 2. The
bearing ring 74 is part of a counterweight assembly for
preserving dynamic balénce-of the mechanism, which includes
a counterweight 76. Thus, £he,re1ative axial positions
of the crankshaft 2, the ball race éarrier 36 and the
counterweight are fixed for all displacement settings of
the mechanism. |

With the alterationrbf the angle of the wabbler
carrier the stroke of each piston 24 is changed, as is the
length of the arc requifed in each of the béll races 32
and 34. Thisrmeans that, ﬁhen the réces are aligned in
the TDC and BDC position, the ball 38 will only be confined
when the displacement (or stroke) is at a maximum. At
other displacements the bali 38 could move out of position
in the races 32 andr34 énd cauéé the mechanism té'seize.
To prevent this, means are provided to limit the effective
length of the races 32 and 34 wheh the stroke is reduced.
As shown in Figures 1 to 3 a leaf spring 78 extends into

each race 32, 34 to resiliently urge the ball 38 towards the
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centre of the respective race. Thus for the maximum
displacemen£ setting shown in Figure 1, each leaf spring
78 will be fully extended in the TDC or BDC position, while
at minimum displacement, as shown in Figure 2, only a
minimal flexure (if any) of the leaf springs is required
in the TDC or BDC positions to prevent the ball 38 from
moving to a seizure location in the races 32, 34. As the
stabilizing forces are predominantly perpendicular . .
to the plane of the ball race 34 the walls of the races
32, 34 provide the requisite resistance and the leaf springs
78 are not required to exert any force. Accordingly, their
stiffness can be very low but the spring rates of diagonally
opposed pair of springs must be substantially equal. The |
springs 78 play a secondary role while the engine is
in motion at less than maximum displacement, but they become
essential when the engine is stationary and the ball races
32 and 34 are aligned. The stiffness of the springs 78
is a function of the size and weight of ball 38.

In the modification shown in Figure 4, provision
is made for altering the angle of the wabbler carrier 12
without shifting the crankshaft 2 or alternatively,
maintaining the same stroke for the pistons 24 while shift-
ing the crankshaft; i.e., to véry the compression ratio

of the mechanism. The anchor member 8 is supported in a
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member 80 having an external screw thread 82 mating with
a complementary internal screw thread 84 in the crankcase
6. A rack and pinion gear 86 operable from outside the
mechanism is operable to rotate the member 80 to
alter its axial location independently of the crankshaft
2. Other meané may be usedrto shift the member 80 if
desired. 2Axial shifting of the anchor member'8 has the
effect of increasing or decreasing the stroke of the
mechanism without compensation to the unswept volume
(i.e. head volume). For example, if the stroke is slightly
increased without changing the position of trunnion pins
14, the unswept volume is decreased by half or additional
swept volume, and in combination with the increased swept
volume the compression ratio is increased. Decrease of
stroke will decrease the compression ratio.
‘Stabilizer ball races 32 and 34 must be increased
in length to accept the additional piston stroke as
too must cylinders 22 accept the additional piston stroke.
In the embodiment of Figure 5, the mounting of
the wabbler carrier 12 and plate.lﬁ on the craﬁkshaft 2,
and the coupling of the wabbler plate to the pistons 24 is
substantially the same as in the embodiment of Figures
1 to 3 and will not be described again. In this embodiment

though, the crankshaft 2 is in the form of a cylinder
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slidably mounted by means of splines 55 on an output

shaft 56 that extends the length of the crankcase 6
supported in bearings 4 and 4'. The shifting means for

the crankshaft comprises a clutched gearbox 88 driven by

a gear 90 fixed on the output shaft 56, and driving a
member 92 axially fixed in relation to the crankcase 6

and the output shaft 56 by bearings 94 and 96. The member
92 has external screw thread mating with a complementary
internal screw thread on the crankshaft 2. The gearbox

88 has a layshaft 98 supporting a gear 100 in permanent
mesh with the gear 90 and a clutch gear 102 movable axially
on the layshaft 98. For any given displacement of the
mechanism, the clutch gear 102 is in mesh with a gear 104
on the member 92, the ratio between the gear 100 and the
gear 90 being the same as that between the clutch gear 102
and the gear 104, thereby preventing relative rotation
between the member 92 and the crankshaft 2 and fixing their
relative axial position. To change the displacement, the
clutch gear 102 is shifted so that it disengages from the
gear 104 and one of the cone clutches 106 mates respectively
with one of the gears 108 and 110, normally rotating freely
on the layshaft 98, which are in permanent mesh with

gears 112 and 114 on the member 92. The gears 108, 110, 112
and 114 are so sized that movement of the clutch gear 102 to

the right as shown in the figure causes relative rotation
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of the member 92 in one sense with respect to the crankshaft
2, and movement to the left in the other. Such relative
rotation causes the crankshaft 2 to shift to the left or
the right as shown.

In order to simultaneously alter the anglé,of thé'
wabbler carrier 12 to the crankshaft axis, the carrier 12
has abody 116 fixed thereto with a slot 118 formed therein
and extending therefrom in a direction generally perpendicular
to the plane of the carrier 12. A pin 120 fixed with respect-
to the output shaft 56 engages the sloﬁ 118, sliding
therealong as the crankshaft 2 is shifted, and forcing thé
angle to changé. The position of the slot 118 and pin 120
will be chosen to produce the desired characteristic, and
the slot may be non-linear in certain circumstances. A |
similar arrangement to that shown and described will normally
be provided on the opposite side of the wabbler carrier
12,

The stabilizer mechanism in the embodiment of
Figure 5 is similar to that of Figures 1 to 3 in that ball
races 32 and 34 are provided on the wabbler platé 16 and a ‘
ball race carrier 36 but the means for varying the,effective
length of the races is different. On the wabbler plate 16;
the length of race 32 is defined by stéps 122 rﬁnning in
guides 124, the stops beiﬁg continuously urgedrto the

centre of the race by springs’ 126. Similar means might be
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employed on the ball race carrier 36, but a more definitive
device is employed in this example. The effective length
of the race 34 is determined by stops 128, but the
position of these stops is determined directly by a mechanical
coupling to the movement of the crankshaft 2. As in the
embodiment of Figures 1 to 3 the ball race carrier 36 moves
with the crankshaft, but this movement simultaneously rotates
a double threaded shaft 130 through a non-locking screw
and nut drive 132. Followers 134 to the shaft 130 drive stops
128 via pins and'shaped slots 136 to shorten or lengthen
the ball race 34 in accordance with the sense of rotation
of the shaft 130.

It will be appreciated that many of the features
of each embodiment described could be incorporated in the
other, but as a rule, that of Figure 5 is more easily
incorporated to heavy duty mechanisms, for example large
capacity engines, while the first embodiment is better
suited to more lightweight structures. Each though enables
the displacement to be varied while the mechanism is oper-
ating, this being of particular advantage for motor vehicle
engines where power requirements change frequently, even
during normal use.

Mechanisms of the invention also have the ability
tobe used in tandem, with two or more mechanisms being

aligned and coupled to a common output shaft transmission



10

15

20

25

0035867
16

system. In the embodiment of Figure 5, successive
mechanisms may be mounted on a single shaft 56 In the
embodiment of Figures 1l to 4, succe551ve crankshafts

and output shaftS'can be slidably coupled; The mechanisms
may also be coupled inra horizontally opoosed arrangement,
with cylinders 22 being aligned w1th their couterparts

in another 51mi1ar mechanism. Inran 1nternal combustion
engine compri51ng two such mechanisms, theignition system,
would beVincorporated'betmeen1oopoSed cylinders, and it
will be noted that by,adapting the’meanswfor aiteringrthe
angle of the wabblerrcarrier inhone mechanism to be capable
of making that angle 90 ,» that mechanism may be rendered
inoperative, to prov1de greater reduction in the displacement

ratio.

In the embodiments described, each of the adjustments

referred to can be made whiiertheimechanism'is operated,

and for a motor uehicie,,euen‘while theruehicle'is in motion,
Such an application,of:therinventionjpermits'variationhor:;
engine capacity and compreSsionrratio according to demand -
in a manner which can easilydbe effected between for example

town use, motorway driving and acceleration.

B

et e Ams wa
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Claims:

1. A wabbler plate engine mechanism comprising a
crankcase (6) having a crankshaft (2) rotatable therein;

a wabbler carrier (12) obliquely mounted on the crankshaft
(2); and a wabbler plate (16) rotatably mounted on the
carrier (12); a plurality of cylinders (22) arranged around
the crankshaft (2) with pistons (24) reciprocally moveable
therein along axes substantially parallel to the rotational
axis of the crankshaft (2), the wabbler plate (16) having arms
(20) extending radially therefrom to bearings (30) coupling
each arm (20) to a piston (24) each bearing (30) permitting
lateral movement of the respective arm (20) relative to the
axis of the piston (24) and a stabilizer mechanism operating
between the wabbler plate (16) and the crankcase (6)
comprising ball races (32, 34) formed in juxtaposed curved
surfaces of the wabbler plate (16) and a ball race carrier
(36) on the crankcase (6), and a ball (38) confined at the
intersection of the ball races (32, 34), CHARACTERISED IN
THAT means (44, 92) are provided for shifting the rotational
axis of the wabbler plate (16) along the axis of the
crankshaft (2), and the ball race carrier (36) on the crank-
case (6) parallel thereto, while simultaneously altering the
angle between the crankshaft axis and the wabbler carrier
(12) to vary the stroke of the engine mechanism AND IN THAT

the effective lengths of the ball races (32, 34) of the
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stabilizer are:variablerto accOmmodaté the alteration 

of said angle.

2. An engine mechanisﬁ aécofding to Claim 1
CHARACTERISED IN THAT the crankshaft (2) is slidabiY'
coupled to an output shaft (56) IN THATfthe shifting means
are operable to shift the:crankShaft,(Z) relative fo'the"
output shaft (56);7AND'IN'THAT the wabblerrcarrier (12)l

is coupled by a flexible linkage to a connection (62,7120)

fixed axially in relation to the crankcase (6), the linkage

causing alteration of said angle as the shafts (2, 56)

are shifted relativerto one another.

3. An engine méChanismraccording,iq Claim 2

FURTHER CHARACTERISED IN THAi:the linkage comprises links
(64) pivotally mounted On'the:connection (62) and;9176tally
coupled to the wabbler carrier (lZ)rat a position
eccentrically located with,respect'to the rotational

axis of the crankéhaft (2). o 7

4. An engine mechanism’accordiﬁg to any precéding'Claim
CHARACTERISED BY INCLUDING means for altering the anglé
between the crankshaft axis and tﬁe wabbler car.;rier:'(lZ),r
without axially shiftiﬁg the roﬁationalraxis of the wabbler
plate (16) along the axis of the'cygnkshaft'(Z),rto vary
the stroke of the mechanism. o |

5. An engine mechanism according to Claim 3 and'Claim

Le e
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4 CHARACTERISED IN THAT the altering means comprises a
screw threaded element (80) supporting the connection

(62) and mating with a corresponding thread (84) in the
crankcase (6); and means for rotating the element (80)

to shift the connection (62) axially with respect to the
crankshaft (2).

6. An engine mechanism according to Claim 2

FURTHER CHARACTERISED IN THAT the linkage comprises a body
(116) integral with the wabbler carrier (12) defining a
slot (118), extending substantially parallel to the
rotational axis of the wabbler plate (16) on the carrier
(12), the fixed connection (120) slidably engaging the
slot (118) to cause alteration of said angle upon relative
axial movement of the body (116) and the connection (120).
7. An engine mechanism according to any preceding
Claims CHARACTERISED IN THAT the shifting means comprises
a screw threaded member (44) mating with a corresponding
thread (52) in the crankcase (6) around the crankshaft
axis and coupled to the crankshaft (2); and means for
rotating the member (44) to shift the crankshaft (2)
relative to the crankcase (6).

8. An engine mechanism according to any of Claims 1
to 6 CHARACTERISED IN THAT the crankshaft (2) is slidably

coupled to an output shaft (56), AND IN THAT the shifting
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means comprises a rotétablé screw-threaded pdrfion'fixed

on the crankshaft (2) and mating with'a cdrrés?onding
thread in a rbtatable auxiiiary member (92) éoakial with,
the output shaft (56)7but fixed'axiallyrrelatiVe to the
output shaft (56), meahs being provided for imparting
relative rotation to the crankshaft (2) and auxiliary member
(92) to cause relatiVe a#ial,movement of the crénkshaft 7
(2), with respect to outpﬁi shaft (56), the rotatinérméans 
being selectiveiy operablerfrom rotation of the outpﬁt  :
shaft (56). | | :

9. An engine mechanism according td Ciaim 8
CHARACTERISED,IN THAT £hé rotating'means comprises a clutched
gear mechanism (88) coupléd between the output shaft (56)
and the aukiliéry member (92). | |

10. An engine meéhanismraccording to any preceding
Claim, wherein the ball races (32; 34) ofrthe stabilizer
mechanism are defined by grooves in the res?ectivérsurfacéé
CHARACTERISED IN THAT resilient means (78, 122, 128) are
provided at either end of;each groové for inhibiting'free'

movement of the ball along the races (32, 34) when the

- races are aligned.

11. An engine mechanism according td Claiﬁrlo FURTHER
CHARACTERISED IN THAT the resilientrmeans comprisé-leéf |
springs (78). o 7 | |

12, An engihe mechanism according to any of Claims 1 to

9 wherein the ball races (32, 34) of the stabilizer mechanism

]
H
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are defined by grooves in the respective surfaces
CHARACTERISED IN THAT the effective length of the groove
in the ball corner (36) is defined by stops (128) movably
mounted in the groove AND IN THAT a mechanical linkage
(130, 132) is provided between the stops (128) and the
crankshaft (2) to move the stops (122) synchronously

with variation of the displacement of the engine mechanism.
13. An engine mechanism according to any preceding
Claim including a counterweight member (76) rigidly
coupled to the crankshaft (2) CHARACTERISED IN THAT the
counterweight (76) is coupled to the shifting means

to preserve its balancing effect in the mechanism at all

displacement settings.
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