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MECHANISM FOR THE IN' TERCONVERSION OF RECIPROCATING'ANI}

1,409,057,

Application filed June 11, 1918, Serial No. 239,384,

To oll whom, it may concern:

Be it known that I, Axrrony Grorce
Marpon Micmrrs, a subject of the King of
Great Britain, residing at No. 450 Colling
Street, Melbourne, in the State of Victoria,
Australia, consulting engineer, have invented
certain new and useful Improvements in

echanism’ for the Interconversion of Re-.
ciprocating and Rotary Motion, of which the ,

tollowing is a specification.
“The object of this invention is ‘
means of obtaining harmonic reciprocating

_motion from uniform rotary motion or vice

versa, applicable to steam and other heat
engines, compressors for air and gas, and
pumps, as well as to other machines in which
the interconversion of these wo types of
motion is required.

The invention consists essentially in the
combination of g reciprocating element or
elements with a rotating drive-plate, or
swash-plate, and one or more slippers of
special construction as hereinafter described
forming connecting elements between the
said reciprocating and rotary elements.

The employment of a swash-plate or drive-
plate in mechanism for the purpose stated is
well known and it has been customary to
employ wheels or rollers to make contact
With a minimum of friction between the
reciprocating element and the drive-plate,

ore recently ball races have been employed
for “effecting the connection ‘stated and it
has also been proposed to use slide blocks
having plane “surfaces- making lubricated

contact with" the drive-plate and rotating .

about axes parallel to the line of motion: of
the reciprocating element. Such devices,
however, have not proved suitable for opera-
tion 'with intense pressures and high speeds,
and consequently althcugh mechanism of
this class has been successfully employed
for the operation of hydraulic ‘pumps and
motors, it has not hitherto been suitable for
use In conjunction with engines and com-
pressors.

The accompanying drawings illustrate a
practical and- the preferred form of drive-

~ plate mechanism according to.this invention,

50

and its application to a reciprocating engine.
Figs. 1, 2 and 3

- Parts of the invention ag applied to a double-

&5

-4cting piston;

Fig. 1 being:a longitudinal
a cylinder and its piston
of rotation of the drive-p{)

section through
arallel to the axis
ate -

L
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Fig. 2 a detail showing portion of the
drive-plate and the slippers in another posi-
tion; and -

Fig. 8 a plan view of one of the slippers;

Figs. 4,5, 6,7 and 8 illustrate

of application of the invention to a com-

plete machine, viz: g self-contained steam- -

driven air compressor, Figs. 4 and 6 being
axial sections respectively on the lines
IV—IV ang VI-VI, of Fig. 7, Fig. 5 an
enlarged detail, Fig. 7 a cross-section on the
line VIT—VIY of Figs. 4 and 6 with parts
removed ; and ' ‘

Fig. 8 a detail view showing alternative
constructions. : '

In Fig. 1 the drive-plate 1 is shown mount-
ed obliquelv on the rotating shaft 9 which
revolves in the bearings 8, 3, indicated by
dotted lines. One of the working cylinders
4, 4 of an engine or compressor, whose axis ig
parallel to that of the shaft 2, 1s shown in
longitidinal section together
double-ended piston 5, 5, the working cham-
bers 6, 6, of the cylinders being between the
outside ends of the double piston 5, 5, and
the closed ends (not shown) of the cylinders.

The drive-plate 1 has the form of an

one method

with the-
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oblique section or slice of a ¢ircular cylinder '

having truly plane and parallel
faces 7, 7." The plate is rigidly mounted
upon and revolves with the shaft 9,

The double-ended piston 5, 5, is construct.
ed in any usual manner snitable for the fluid
with which it is to operate. The two ends
of the double piston are rigidly connected to-
gether by the central bar 8 which may have
a projection 9 moving in a slot 10 formed
either in the central portion of the double
cylinder 6, 6, as shown, or in the frame of
the engine so as to prevent the piston from
rotating while allowing it to  reciprocate
parallel to its axis. : ,

In order to transmit motion from the
drive-plate 1 to the pistons 5, 5, or vice
versa, two slipper blocks 11, 12 are arranged
one on each side of the drive-plate 1, as
shown, having - plane working surfaces
adapted to make lubricated contact with
the corresponding plane surfaces 7 , 7 of the
drive-plate, and in order to enable the slip-
pers 11, 12 to follow the varying direction
of inclination of the latter surfaces to the

1 as the drive-plate rotates,
they are furnished with universal joints con-
necting them to the piston 5, 5. The, uni-
versal joints may conveniently take the form,

working sur-
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of spherical bosses 13,14 upon the slippers
11, 12, such bosses fitting into hollow spheri-
cal seats in the cups 15, 16 secured to the
piston 5, 5. In Fig:1 the drive-plate 1 and
slippers 11, 12 are shown in such a position
that the normal lines to their plane working
surfaces have the maximum obliquity to the
plane of the drawing. In Fig. 2 (drawn on
the line IT—II Fig. 1) a portion of the
periphery of the drive-plate 1 and the slip-
pers 11,12 are shown.in the position corre-
sponding to rotation through 90° from the
position shown in Fig. 1, the normal lines
to the working surfaces being then turned
into the plane of the drawing. In order to
adjust the working clearance which is neces-
sary to allow efficient lubrication without
undue play between the slippers 11, 12 and
the working faces 7, 7 of the drive-plate 1,
the cups 15, 16 are constructed with fine
threads and screwed into the pistons 5, 5, the
adjustment being made permanent by means
of set screws 17, 18 engaging with the
peripheral notches 174 and 18* in the cups
15, 16. . :

When the drive-plate 1 revolves invariably
or usually in one direction, the slippers 11,
12 are preferably made as shown i Fig. 3
with their bosses 13, 14 slightly behind the
centres of the plane working surfaces of the

‘slippers. The slippers will then operate so

as to allow wedge-shaped films of lubricant
to be formed between their working surfaces
and those of the drive-plate in'a manner
which is now well understood. For the same

_purpose these slippers 11, 12 are also prefer-

ably constructed with relatively weak or
flexible portions on the leading or on both
the leading and trailing sides of the plate
portions which make contact with the drive-
plate. In order to prevent the slippers 11,
12 from revolving about the axis of the pis-

ton 5, 5 as the drive-plate 1 revolves, the lat-

ter may be furnished with a projecting ec-
centric guide ring 19 shaped so as to fit ap-
proximately the inner edge 20 of the slipper
11, a similar guide ring being formed on the
opposite side of the drive-plate 1 te form a
similar guide for the slipper 12. ,

Alternatively to the construction of the
slippers with spherical bosses fitting in con-
cave seats attached to the pistons as above
described, the pistons may be fitted with
spherical projections fitting in concave seats
in the slippers. Or the slippers and pistons
may be ‘connected by universal joints of
other suitable types as, for instance, with
the well known Hooke’s or Cardan’s joints,
the essential purpose being to allow the slip-
pers to change the inclination of their work-
ing faces in every difection while maintain-
ing the perpendicular distance between those
working faces constant, or approximately
constant. :

In the example of the application of the

" 1,409,057 -

invention illustrated in Figs. 4, 5, 6 and 7,
a single-acting steam cylinder 6 and single-
acting compressor cylinder 6* are arranged
in axial alignment and opposed to one an-

_other, four such pairs of cylinders being set

symmetrically around the circumference of
the machine as shown in Fig. 7. In each
pair of cylinders a double piston, consisting

“of a steam end 5 and an air end 5* connected

by a central bar 8 is arranged substantially
as already described in connection with Figs.
1 and 2. The steam and air ends of the
double piston are shown in the drawings of
equal diameters but may be of different
diameters adapted to the working pressures
of the two fluids. Fach double piston is
provided with slipper blocks 11, 12 as al-

veady described, making working: contact

with a drive-plate 1 rigidly mounted on the
shaft 2 which extends through the whole

length of the combined machine being

mounted in bearings 21, 22.

The drive-plate 1is preferably constructed
with a cylindrical boss 1%, integral with a
plate-portion having the form of an oblique
slice of a cylinder, and thrust rings 214
994 are interposed between the boss 1* and
the bearings 21 and 22 to take any unbal-
anced axial force acting on the drive-plate.

Air enters the compressor cylinder 6* dur-
ing the forward movement of the piston 54
through the open end 23 of the end cover 24
being admitted through the port 25 of the
rotating valve 26 mounted on the shaft 2

when such port registers with either of the’

four. admission ports 27 in the plate 28
which covers the otherwise open ends of the
air cylinders 64 On the return strokes of
the pistons 5%, compressed air is delivered
through the same ports 27 and the port 30
of the rotating valve 26 into the annular
chamber 31 in the end cover 24 from which
it is discharged through the pipe branch 31*
(Fig. 6). To minimize clearance the pistons
54 are furnished with projections 29, ap-
proximately fitting the ports 27.

The cylinders 64 may be formed as liners,
as shown, being inserted in the common cas-
ing 324, and may be surrounded by a water-
jacket 38, for cooling purposes.

A similar casing 32, which may be bolted
to the casing 32* as shown, on_the line
VII—VII, contains the steam cylinders 6,
also formed as liners. The steam ends of

“these cylinders are controlled by a rotating

valve 34 having an admission port 35 which
registers in succession with the four admis-
sion ports 36 in the plate 37 covering the
otherwise open ends of the cylinders 6.
Steam, supplied through the pipe branch
38+ (Fig. 6) is admitted through the ports
35 and 36 from the chamber 38 in the end
cover -39. The steam cylinders illustrated
are arranged on the “uniflow” principle and
the exhaust from each cylinder takes place
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through a ring of ports 40 into an annular
exhaust steam chamber 41 formed in the
casing 82 and connected with the exhaust
branch 42 (Figs. 6 and 7). : '
The drive-plate 1 is enclosed in a centra]
chamber 43 formed by the open inner ends
of the casings 82 and 394 and is provided
with means for forced lubrication from the
oil pump 44 (F ig. 7) which delivers jets of
oil through the passages 45, 454, bearing
chambers 46 and nozzles 47 against the cen.
tral portions of the plate 1, from which the
oil is thrown outwardly by centrifugal force
over the working surfaces on which the
slipper blocks 11 and 19 make contact, and
thence returns to the suction branch 458 on
the pump 44 in the lower part of the cham.-
ber 43 (IMigs. 6 and 7). The pump 44, may
be .driven through a spindle 48 ang gear
wheels 49, 50, from g piston 51 mounted on

the main shaft 2. Ip order to prevent the

slippers 11 from rotating about their axial
centre-lines the means shown in Fig. 5 may
be employed as alternatives to the projection
9 on bar 8, and rings 19 on drive-plate 1,
as shown in Fig. 1.
5 rotation of the pistons 5, 54 is restrained
by the bar 8 which consists of the bridge
portion of the yoke plece 52 to which are
screwed the said pistons 5, 54 and the cups
15, and the bar 8 ig slotted at 53 so ag to be
guided longitudinally by the stud piece 54
fixed to the casing 824, ‘and engaging with
the slot 53. A ball-ended projection 5% from
the slipper 11, also engages with the slot 53,
and the slipper 11 is thus brevented from
revolving though free to oscillate according
to the varying direction of inclination of jts
surface to contact with the plate 1. -

I engine constructed as herein described,
with either three, four (as shown), or any
greater isto i i
tantly around the circuinference of the drive-
plate, admits of perfect dynamic balance in
all directions so ag to communicate no vibra-
tion to its foundation, provided that the
masses of the drive-plate and reciprocating
pistons are correctly adjusted. For thig pur-
pose it is necessary that all the pistons, if
equidistant, from the axis, shall be of equal
mass, and that the mass of that portion of
the drive-plate outside the boss which por-
tion may be regarded as an oblique slice of
a cylinder is determined by the algebraical
formula ’ -

A2
v RZ + r?
in which M is the mass of the drive plate;

7 the number and m the mass of each of the
pistons with its attachment ; R the radius of

M=2nm

As shown in Figs. 4 and

, described in
“and 7.

8

and that of one of the pistons. The rotary
valves, and other rotating parts, are inde.
pendently balanced in the usual manner.

It is to be understood that the invention
Is not limited to the use of one or more
double-ended pistons as described above, but
that the construction which is the essence of
the invention can be employed with g single-
ended piston and one slipper; or with g
single-ended Piston having an extension to
the opposite side of the drive-plate from the
piston for the purpose of carrying a second
slipper. Thege constructions are illustrated
in Fig, 8 in which the single-ended piston
56 reciprocates in the cylinder 57, and ig
fitted with a slipper 11 co-acting with g
drive-plate 1 as already described. A yoke
piece 58 attached to the cylinder 57 is slot-

82 as already described. In order to assist
the piston 56 in making its return stroke g,
compression spring 59 may be inserted be.-
tween it and the cloged end 60 of the cylinder

In certain cases the spring 59 may be
omitted the return motion of the piston be-

positively attached to
Hooke’s or Cardan joint
dicated. :

It will also be understood that for special
purposes the essential features of the inven-
tion may be applied to a swash-plate having
two plane, but not parallel, working faces
in conjunction with single-ended pistons- as
above described in connection with I ig. 8 of
which one or more are fitted with slippers
co-acting with one working face, while an-
other or others co-act with the other working
face of the swash-plate. By this means the
single-acting pistons on one side of the
drive plate have working strokeg of a cer-
tain length, while the strokes of ‘those on
the other side have 3 different length. -

By an alternative arrangement, the spring
59 being omitted, the yoke plece 58 may be
extended, as shown in dotted lines in F ig.
8, and arranged to carry a second slipper
12 (also dotted in Fig. 8) on the opposite
side of the drive-plate 11, the action of the
two slippers being then precisely as already
connection with, Figs. 4, 5 8

the piston by a
as hereinbefore in-

It will further be understoodnt}.lat’the de-
tails of construction may be modified for the

a steam or internal combustion engine, pump,
or compressor whether double-acting or sin.
gle-acting, instead of as g combined en-
gine and compressor as. above described.
For uses in conjunction with these machines
ther than those last mentioned the shaf 2
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the casing as in-
dicated at 24, Figs.. 4 and 6 and would be
fitted with a coupling, pulley, or the like by
which the power developed by, or applied
to, the drive plate 1, would be transmitted.

I claim: —

1. In mechanism of the character de-
scribed, the combination of a swash plate, a
reciprocable element, and a slipper of the
oil film lubricating type quaqua-versally ar-
ticulated to said reciprocable element so as
to permit the working surface of said plate
and said slipper to co-act.

9. Mechanism for the purpose stated, com-
prising a rotary swash plate, a reciprocable
element, a connection between said element
and the swash plate embodying 2 slipper
having a working i
working face of the swash plate the slipper
being non-rotatable about an axis parallel to
the direction of movement of the recipro-

" cable element, a universal joint connecting

25

30

35

40

- 4b

50

55

‘cooperating with the respective

the slipper with the reciprocable. element,
and means for maintaining the slipper in
cooperative working relation with the work-
ing face of the swash plate.

3. Mechanism for the purpose stated, com-
prising a rotary swash plate having opposite
truly plane working faces disposed obliquely
relatively to the axis of revolution of the
swash plate, a reciprocable element, and a
pair of plane surfaced slippers having ar-
ticulated connections with said reciprocable
element and means for preventing rotation
of the slipper about an axis parailel to the
direction of movement of the reciprocable
element, said slippers bearing respectively
on the opposite faces of the swash plate.

4. In mechanism for the purpose stated,
the combination with a swash plate having
two plane and parallel working faces, of a
reciprocable element having a pair of op-
posed slippers, having plane working faces

i working
faces at opposite sides of the swash plate,
each slipper being capable of articulated
movement but non-rotatable relatively to the
reciprocable direction of movement of the
olement while maintaining the perpendicu-
lar distance between their working faces
substantially constant.

5. Mechanism for the purpose stated con-
sisting of the combination with a swash-
plate, of reciprocable elements disposed
symmetrically about said plate and effect-
ing dynamic balance therewith, and a pair

face to cooperate with a-

1,409,057

of plane surfaced articulated connecting
slippers between each of said elements and
the swash plate, said slippers having means
for preventing rotation thereof about an
axis parallel to the direction of movement
of said reciprocable elements.

6. In mechanism of the character de-
scribed, the combination of a rotary swash
plate having a plane working surface, a
plane surfaced slipper cooperative there-
with, a reciprocable element; a universal
joint connecting
cable element, and means for holding said
slipper from rotation relatively to the re-
ciprocable element about an axis parallel
to the direction of movement of said element.

7. In mechanism of the character de-
scribed, the combination with a swash plate,
a reciprocable element, a plane surfaced slip-
per cooperative with the swash plate and
having an articulated connection with said
reciprocable element, and means for ve-
straining rotation of the slipper element
relatively to the reciprocable element but
permitting reciprocation of the latter.

8. Tn mechanism for the purpose stated,
a casing containing the swash plate with
means including a pump driven from the
shaft of the latter and jets directed toward
the swash plate for effecting forced feed
lubrication to the working faces of the
same.

9. In mechanism for the purpose stated,
in combination, a swash plate, a reciproca-
ble elément comprising a piston carrying a
slipper element articularly connected thereto
at a point off-set in rear of the leading end
of the slipper element to produce an inter-
posed wedge shaped lubricant film connec-
tion between said plate and the slipper ele-
ment and means for projecting a lubricant
against the working face of the swash plate.

10. In mechanism for the purpose stated,
a swash plate, reciprocable elements sym-
metrically balanced about 2 swash plate
having truly plane working faces, said ele-
ments comprising pistons each carrying an
articulated slipper arranged to effect lubri-
cated contact with said working surfaces,
said pistons and slippers being restrained
from rotation, and means driven from the
shaft of said plate for effecting forced lubri-
cation to said working faces. '

In testimony whereof I have hereunto set,
my hand. )
ANTHONY GEORGE MALDON MICHELL.

the slipper to the recipro-
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