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9 Claims. 
The present invention relates to wobble-plate 

mechanism, that is to say, to mechanism of the 
type wherein a series of pistons are connected 
with a plate or its equivalent, mounted on an 
inclined crank pin of the main shaft and capa 
ble of performing an oscillating movement. This 
type of mechanism is, by virtue of these features, 
distinguished from a somewhat similar type 
wherein the plate or its equivalent with which 

10 the pistons are associated actually revolves. The 
main objects of the invention are to obtain in 
creased output for a given size and weight, this 
being largely due to the elimination of end thrust 
between the wobble plate and revolving or shaft 
members of this type of mechanism and to the 
compact symmetrical relative disposition of the 
Several parts; also to secure increased mechani 
cal efficiency as a result of the elimination of this 
end thrust and of side load on the piston or 

20 reciprocating members. w 
According to the invention the cylinders, the 

pistons of which are connected to the wobble 
plate, are even in number and are disposed in 
pairs in each of which the individual cylinders 

25 are located diametrically on opposite sides of the 
main shaft axis and fluid pressure is generated 
in, admitted to or withdrawn from them substan 
tially simultaneously, so that the thrusts exerted 
on the wobble plate are equal and opposite and 

80 therefore balanced about its centre of oscillation. 
Likewise the reciprocating and oscillating masses 
are balanced or symmetrically disposed with re 
Spect to the centre of oscillation, so that the 
thrusts due to inertia of moving parts are also 

8 balanced. This results in the elimination of end 
thrust and unbalanced forces between the wob 
ble plate and the rotating member, which, in 
combination with the elimination of side load on 
the pistons, promotes increased eficiency; it foll 
lows that, having regard to the compact relative 
disposition of the several parts, the employment 
of larger cylinders, with corresponding increase 
in the power development within the limits of 

45 given overall dimensions, becomes possible. 
in order that the invention may be clearly 

understood and readily carried into effect, it will 
now be described more fully with reference to 
the accompanying drawings, which illustrate by 

- 50 way of example two mechanisms to which the 
invention is applied, and wherein: 

Figure 1 is a central longitudinal section of a 
two-stroke-cycle internal-combustion engine, and 

Figure 2 is a similar view of a fluid-pressure 
5. motor, * . . 

(C. 74-60) 
Figure 3 is a cross-sectional view on the line 

3-3, of Figure 1, W 
Figures 4 and 5 are detailed views of a double 

universal joint employed in Figure 2, and 
Figure 6 is a longitudinal section of an air 5 

cooled motor in which the cylinders thereof are 
inclined to the axis of the main shaft. 

Referring to Figure 1, the mechanism COm 
prises a shaft mounted in a frame or casing 
2 by means of roller bearings 3 and formed with 10 
two inclined cranks 4 connected by a crankpin 
5. If desired, balance weights 6 may be fitted 
on the shaft A. Mounted on the crank pin 5 by 
means of roller bearings is a barrel-shaped . 
member 8 constituting the wobble plate. The l6 
cylinders 9, of which, in this example, there are 
fourteen, are equally spaced around the shaft 
in two groups of seven at opposite ends of the 
wobble plate, the angular relation between the 
cylinders in the respective groups being, as indi 
cated, such as to form pairs, the cylinders of each 
pair being disposed in the same diametrical plane, 
but on opposite sides of the main shaft. The 
pistons to are connected with the wobble plate 
8 by means of connecting rods having univer 
sal socket bearings in the pistons and Wobble 
plate respectively. Rotation of the wobble plate 
is prevented owing to the fact that it is pivoted 
at 2 on a transverse diameter to a ring 3, itself 
pivoted at 4 to the frame or casing 2, this mech 
anism constituting a universal joint permitting 
of the oscillatory motion necessary for the Wob 
ble plate. 
At each end of the frame or Casing 2 there is 

formed an inlet chamber 5 between which and 35 
each of the cylinders of one group, there is an . 
opening controlled by an inlet valve 6. These 
inlet valves are opened sequentially against the 
action of springs by means of a cam On the 
shaft acting through tappets 8 and pivoted 
rockers. 9. Outlet of the products of combustion 
to an exhaust chamber 20 is by means of ports 
2 adapted to be covered or uncovered by motion 
of the pistons O. It will be realized that the 
particular means adopted for inlet, ignition and 
exhaust are immaterial to the present invention, 
provided the sequence of these actions is such 
that, in respect of the cylinders in each pair, 
impulses are imparted to the pistons simultane 
ously, thus exerting equal and opposite thrusts 
on the wobble plate with the resultant action 
and advantages above mentioned . . " 
While it is feasible to employ any number of 

cylinders, with an odd number of cylinders at : 
each end of the wobble plate, the above construc 
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2 
tion having seven in each group has advantages, 
since it may be demonstrated that, having regard 
to the overall diameter of the mechanism, maxi 
mum piston displacement is thereby attainable. 
With an internal combustion engine operating 
on the four stroke cycle the use of an odd num 
ber of cylinders in the group enables a uniformly 
spaced even turning moment to be maintained 
by Suitable firing order (i. e. a seven cylinder 
group would fire on every alternate cylinder, one, 
three, five, seven, two, four, six). 
The above-described arrangement of the cylin 

ders in two groups is appropriate Whether the 
cylinders be single- or double-acting. If, how 
ever, double-acting cylinders be employed it is 
possible to arrange all the cylinders at one end of 
the wobble plate. If this be done, in order to se 
cure the desired equal and opposite action. On the 
wobble plate in respect of each pair, fluid pressure 
is caused to act on one of the pistons during its 
Outward stroke, while it acts on the other piston 
during its inward stroke, and vice versa. 
An example of such a construction is afforded 

by the fluid-pressure motor illustrated in Figure 
2, which is adapted to be actuated either by in 
compressible fluid, such as water or oil, or by 
compressible fluid, such as air. The cylinders 
9 (six in number) are all arranged to one side 
of the wobble plate 8 and are double-acting. The 
shaft f is fitted with a rotary valve member 22 
having passages 23 leading from a fluid-pressure 
inlet conduit 24 fitted in the frame or casing 2. 
Similarly, the valve 22 is provided with passages 
25 adapted to co-operate with an exhaust outlet 
26. Ports 27 at opposite ends of each cylinder 
9 afford, on rotation of the valve 22, communica 
tion between the inlet passages 23 or the exhaust 
passages 25 and the cylinders 9 in the desired se 
quence. For instance, considering the position 
of the mechanism illustrated, it will be seen that 
fluid pressure is about to be admitted from the 
conduit 24 via one of the passages 23 and a port 
27 to the under side of the right-hand piston as 
Seen in the figure; similarly, the port, 27 at the 
upper end of the corresponding cylinder is in 
communication via one of the passages 25 with 
the exhaust conduit 26. Correspondingly, in re 
spect of the left-hand cylinder, fluid pressure is 
about to be admitted to the upper side of the 
piston while exhaust takes place from its lower 
side. When the pistons have completed their 
stroke, rotation of the valve 22 which has oc 
curred will result in the above conditions being 
reversed, but it will be seen that in all circum 
stances equal and opposite impulses are simul 
taneously imparted to the wobble plate. 

Figure 2 also depicts a slightly different method . 
of connection between the pistons and the wobble 
plate. In this instance the pistons fo are rigidly 
connected to piston rods 28, the outer ends of 
which are formed with apertures fitted with 
transverse slides 29 for the reception of blocks 
30 constituting sockets for ball members 3 car 
red by the wobble plate 8 the construction shown 
preventing rotation of the pistons during opera 
tion of the engine. 

Figure 2 and Figures 4 and 5 also illustrate the 
use of a double universal joint to constitute the 
connection between the wobble plate and the 
frame or casing, the members of this double uni 
versal joint being to a large extent located within 
the barrel-shaped member constituting the wob 
ble plate. For this purpose a ring 32 is provided 
with arms 33 which extend radially through slots 

2,097,188 
34 in the barrel-shapedi member 8 and are pro 
vided at their outer ends with pivots 35, having 
bearings in the frame or casing 2. These bear 
ings are arranged on a diameter intermediate 
between the planes containing two pairs of oppo 
site cylinders, this being indicated in Figure 2 by 
the representation of one of the arms 33 and its 
pivot 35 in chain-dotted lines. A second ring 36 
encircles the crankpin 5 and is provided with lugs 
37 having pivotal connections 38 with the ring 32. 
Similarly, there are pivotal connections 39 be 
...tween the ring 36 and a further ring 40 carried 
by means of pivots 4 f in the barrel-shaped mem 
ber 8. 
The pairs of cylinders may be of unequal diam 

eter and radius of action from their neighbours 
when necessary to provide for compound or multi 
stage expansion of the fluid or of two or more 
independent fluids, or pairs of pistons of unequal 
diameter may be balanced one against the other, 
provided their piston loads, weight and inertia 
masses are equal and opposite. Further, the cyl 
inders are not necessarily parallel to the shaft, 
but may be inclined thereto. 
An example of an inclined cylinder arrange 

ment is shown in Figure 6 of the drawings which 
illustrates an air cooled internal combustion en 
gine. It will be seen that the cylinders 50 are 
inclined to the axis of the shaft 5, the pistons 
52 which are adapted to reciprocate in the cyl 
inders being connected by rods 53 to the Wobble 
plate 54. The wobble plate is mounted on the 
inclined crank pin 55 and is restrained from ro 
tational movement by the provision of a univer 
sal joint comprising a ring 56 mounted within 
the wobble plate 54 on trunnions 57. The ring 
56 is also connected to the casing of the motor 
by trunnions indicated in dotted lines by the nu 
meral 58, these trunnions extending through op 
positely disposed slots in the wobble plate 54. 
It will be appreciated that by inclining the cylin 
ders of the engine as shown in Figure 6, it is poS 
sible to space the cylinders from the casing 59 
surrounding the shaft 51 whereby a flow of air 
around the cylinders for cooling purposes can 
be obtained. 
While in the above description the application 

of theinvention to an engine has been exemplified, 
it will be realized that the improvements accord 
ing to the present invention are equally applicable 
to a compressor or to the generating unit of a 
hydraulic power-transmission system, wherein 
power is communicated to the main shaft from 
some outside source and the cylinders serve to 
supply compressed air or gas or liquid under 
pressure, as the case may be. 
What I claim and desire to secure by Letters 

Patent of the United States is:- 
1. A balanced wobble plate mechanism con 

- prising a shaft, a crank on said shaft inclined to 
the longitudinal axis thereof, a practically barrel 
shaped wobble plate mounted on said crank, a 
plurality of cylinders, pistons in said cylinders 
connected to said wobble plate, the pistons and 
cylinders being even in number and disposed in 
pairs in each of which the individual cylinders 
are located diametrically on opposite sides of the 
main shaft axis and fluid pressure is generated 
in, admitted to, or withdrawn from them sub 
stantially simultaneously so that the thrusts from 
the several pistons which are exerted on the Wob 
ble plate are equal and opposite, iikewise the re 
ciprocating and oscillating masses are balanced 
or symmetrically disposed with respect to the 
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2,097,188 
centre of oscillation and combine with the piston 
thrusts to form equal couples opposed by equal 
and opposite crankpin moments, the Wobble plate 
being restrained from a rotational movement by 
the provision of a universal joint disposed be 
tween the said plate and a relatively fixed part 
of the apparatus. 

2. A balanced wobble plate mechanism for in 
ternal combustion engines, steam engines, fluid 
preSSure notors, pumps or compressors of the 
single acting types, comprising a shaft, a crank 
on said shaft, inclined to the longitudinal axis 
thereof, a practically barrel shaped wobble plate 
mounted on said crank means positively prevent 
ing rotation of the wobble plate, a plurality of cyl 
inders, pistons in the said cylinders connected to 
said wobble plate, an odd number of cylinders (at 
least three) being provided at the opposite ends 
of the said wobble plate, the cylinders being ar 
ranged in pairs, with one cylinder of each pair at 
one end of the wobble plate and the other cylin 
der of the pair at the opposite end of the Wobble 
plate, the cylinders of each pair being disposed 
in the same diametrical plane, but on opposite 
sides of the main shaft and arranged so that their 
working strokes are simultaneous, whereby the 
thrusts on the Wobble plate from the cylinders of 
each pair are opposite and equal and therefore 
balanced. 

3. A balanced Wobble plate mechanism for use 
in steam engines, internal combustion engines, 
fluid pressure motors, compressors, pumps of the 
double acting type, comprising a shaft, a crank On 
said shaft inclined relatively to the longitudinal 
axis thereof, a practically barrel shaped wobble 
plate mounted on said crank, a plurality of cylin 
ders, pistons in said cylinders connected to Said 
wobble plate, the said pistons being even in num 
ber and provided at one side of the end Wobble 
plate, the cylinders at said end being grouped in 
pairs, the cylinders of each pair being disposed in 
the same diametrical plane but on Opposite sides 
of the main shaft and the Working strokes of the 
pistons of the pairs are so arranged that the 
thrusts on the wobble plate are opposite and equal 
and therefore balanced, the wobble plate being . 
positively restrained from a rotational movement 
by the provision of a universal joint disposed be 
tween the said wobble plate and a relatively fixed 
part of the apparatus. 

4. A balanced wobble plate mechanism as in 
claim 2, wherein seven cylinders and pistons are 
provided on one side of the wobble plate and 
seven cylinders and pistons are provided on the 
other side. 

5. A balanced wobble plate mechanism as in 
claim 1, wherein the wobble plate is positively re 
strained from rotational movement by a double 
universal joint. 

6. A balanced Wobble plate mechanism com 
prising a shaft, a crank on said shaft inclined 
to the longitudinal axis thereof, a substantially 
barrel shaped Wobble plate mounted on said crank, 
a plurality of cylinders, pistons in said cylinders 
connected to said Wobble plate, the pistons and 
cylinders being even in number and disposed in 
pairs in each of which the individual cylinders 
are located diametrically on opposite sides of the 
main shaft axis and fluid pressure is generated 

3 
in, admitted to, or withdrawn from them sub 
stantially simultaneously so that the thrusts from 
the Several pistons which are exerted on the 
Wobble plate are equal and opposite, likewise 
the reciprocating and oscillating masses are bal 
anced or symmetrically disposed with respect to 
the centre of Oscillation and combine with the 
piston thrusts to form equal couples opposed by 
equal and opposite crankpin moments, the Wobble. 
plate being positively restrained from a rotational 
movement by the provision of a double universal 
joint, comprising a ring mounted on trunnions 
in a fixed part of the apparatus, a Second ring 
connected to said first ring by trunnions dis 
posed at right angles to the trunnions of the 
first ring, and a third ring mounted on trunnions 
disposed in bearings on the Wobble plate, the 
Second ring also being connected by trunnions 
to the third ring, the last mentioned trunnions 
being disposed at right angles to the trunnions 
connecting the third ring to the wobble plate. 

7. The combination of a balanced wobble plate 
mechanism as in claim 3, wherein the piston rods 
are rigidly connected to the pistons and the 
pistons are connected to the wobble plate by ball 
and socket joints, the outer ends of the piston rods 
being provided with apertures within which are 
housed sliding blocks constituting sockets for con 
nection to the wobble plate, means being provided 
for preventing rotation of the pistons. 

8. A balanced wobble plate mechanism for use 
in steam engines, internal combustion engines, 
fluid pressure motors, compressors, pumps of the 
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double acting type, comprising a shaft, a crank . 
On Said shaft inclined relatively to the longitudi 
nal axis thereof, a Substantially barrel shaped 
Wobble plate mounted on said crank, a plurality 
of cylinders, pistons in said cylinders connected 
to said Wobble plate, the said pistons being even 
in number and provided at one end of the said 
Wobble plate, the cylinders at said end being 
grouped in pairs, the cylinders of each pair being 
disposed in the same diametrical plane but on 
opposite sides of the main shaft and the working 
strokes of the pistons of the pairs are so ar 
ranged that the thrusts on the wobble plate are 
opposite and equal and therefore balanced, the 
Wobble plate being positively restrained from a 
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rotational movement by the provision of a double 
universal joint, comprising a ring mounted on 
trunnions in a fixed part of the apparatus, a 
second ring connected to said first ring by trun 
nions disposed at right angles to the trunnions 
of the first ring, and a third ring mounted on 
trunnions disposed in bearings on the wobble 
plate, the second ring also being connected. by 
trunnions to the third ring, the last mentioned 
trunnions being disposed at right angles to the 
trunnions connecting the third ring to the wobble 
plate. 

9. A balanced wobble plate mechanism as in 
claim 1 wherein the universal joint comprises a 
ring mounted on trunnions in the Wobble plate, 
and also mounted on trunnions in a relatively 
fixed part of the apparatus, the last mentioned 
trunnions being disposed at right angles to the 
first mentioned trunnions. 

WILLIAM ROBERT STEELE. 
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