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My invention relates to improvements in rotary 
engines of the type in which a spherical shell 
is divided into compartments by a pair of inter 
secting plates in such manner that the volumes 
of the compartments change on revolution of 
one plate about a diameter while the other plate 
rotates about its axis. 
An object of my invention is to provide in such 

an engine a seal and bearing at the intersection 
of the plates which will permit the plates to re 
volve about their respective axes and at the same 
time maintain an eiiicient seal between the four 
compartments. 
Another object is to provide in such an en 

gine means whereby the ratios between the max 
imum and minimum volumes of each compart 
ment may be varied at will, either while the 
engine is idle or in operation. 
Another object is to devise such an engine 

which may be driven by the explosion of fuel 
vapour in a chamber located externally of the 
spherical shell communication of which with the 
shell compartments is controlled by valves where 
by a highly effective power cycle is provided in 
the engine. 
A further object of my invention is to provide 

a device of the character herein described which 
may be used as a rotary engine or by slight 
modiñcation of the valves as a pump. 
With the above and other objects in View which 

will hereafter appear as the specification pro 
ceeds, my invention consists, in a preferred em 
bodiment, of the construction and arrangement 
all as hereafter more particularly described and 
illustrated in the accompanying drawings, in 
which: 

Fig. 1 is a side elevational view of my improved 
engine broken away to shown parts thereof in 
section; . 

Fig. 2 is a. horizontal sectional view taken along 
the line 2_2 of Fig. l, certain parts being shown 
in elevation; 

Fig. 3 is a vertical sectional View taken along 
the line 3-3 of Fig. 2; 

Fig. 4 is a vertical sectional view of my en 
gine taken along the line 4-4 of Fig. 5, showing 
my improved means for varying the compression 
ratio, and with some of the details of the pre 
vious iigures omitted for the sake of clarity of 
illustration; and 

Fig. 5 is a vertical sectional view therethrough 
taken along the line 5-5 of Fig. 4. 

Like characters of reference designate cor 
responding parts in the diiîerent views. 

Referring to the drawings, and particularly to 

(Cl. 12B-8) 

Figs. 1, 2 and 3, a pair of hemîspherical shells 
I and 2 form a hollow sphere which is divided 
into expansion chambers by a revoluble disc 3 
which passes through a slot I1 in a disc 4 which 
is ñxed as to position but which is rotatable 5 
about the normal through its centre. The disc 
3 is provided with trunnions 5 and 6 which are 
received in bearings ‘I and 8 in the respective 
shells I and 2, and a bearing for the disc 4 is 
formed by flanges 9, 9 on the shells I and 2 be- l0 
tween which the margin of the disc 4 is received, 
the flanges being spaced apart by an annular 
ring I0 to prevent binding of the disc as it ro 
tates. 
The discs 3 and 4 are required to make a 

pressure-tight seal with the wall oi the sphere 
formed by the shells I and 2, and with each 
other, and to this end the margin of the disc 
3 may be provided with conventional sealing 
means such as rings II, and the intersection oi’ 
the discs 3 and 4 may be sealed by a cylindrical 
member I2 provided with journals I3 which are 
received in sockets I4 in the disc 4, and also with 
a longitudinal slot I5 through which the disc 3 
passes being held rotatably positioned therein 
by means of a pivot pin I6, which is a press ñt 
in the hole I6a in the centre of the disc 3 and 
which extends on each side of it into the bear 
ing sockets I2a and I2b, (Fig. 3) of the cylindri 
cal member. The cylindrical member I2 forms 
a seal between the discs 3 and 4 by close contact 
with the arcuate surfaces of the slot I'l in the 
disc 4. 

It will be observed that the intersecting discs 
3 and 4 divide the sphere formed by the shells 
I and 2 into four chambers which will vary in 
volume as the plate 3 is revolved, and in the pre 
ferred form of my engine I provide bosses I8 on 
each side of the disc 4 which substantially lill 
the diametrically opposite chambers when the 
disc 3 is in such position that such chambers are 
of minimum volume, i. e., when the disc 3 is in 
the position illustrated in Figs. l to 3 inclusive. 
In the wall of the sphere formed by the shells 

I and 2 are provided four ports I9, 2li, 2l and 
22, each disposed substantially on a diametrîcal 
plane of the sphere and adjacent to the axis of 
revolution of the disc 3. The port i9 is con 
nected to a source of supply of explosive vapour, 
such as a carburetor (not shown) and the port 
26 is adapted to exhaust gases from the sphere. 
The ports 2| and 22 are connected by an explo 
sion chamber 23 in which means such as a spark 
plug 24 may be provided for exploding vapour 
in the chamber, and the port 2| is also provided 
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with a valve 25 normally held closed by a spring 
2S, and adapted to be opened by gas pressure 
in the sphere, The port 22 is adapted to be 
closed by a rotary valve 21 carried by the disc 
3 and disposed in a recess 28 in the shell 2 sur 
rounding the trunnion 6, an arcuate slot 29 in 
the valve 2ï serving to open the port 22 when 
it is in register therewith. 
The operation of my engine in the form illus 

trated in Figs. l to 3 inclusive ís as follows: 
The engine is cranked to start it in the same 

manner as a conventional reciprocating internal 
combustion engine. As the disc 3 revolves clock 
wise Figs. 1 and 2 about its diameter, chamber A 
bounded by the discs 3 and 4 and the wall of the 
sphere formed by the shells | and 2 comes into 
communication with the port I9 when the volume 
of the chamber is a minimum. Continued revo 
lution of the disc 3 causes the volume of the 
chamber to increase, thereby drawing a charge 
of explosive vapour from the carburetor into the 
chamber. As the volume of the chamber reaches 
a maximum, the margin of the disc 3 crosses 
the port i9 and cuts it off from communication 
therewith and simultaneously the margin of the 
disc crosses the port 2| to place the chamber 
in communication therewith. The spring 2B 
holds the valve 25 in the port 2| closed until con 
tinued revolution of the disc 3 has caused the 
volume of the chamber to decrease to such an 
extent that the pressure of the vopour charge 
therein has become greater than that of the 
expanding burned gases from the previous ex 
plosion in the chamber 23 and in the expansion 
chamber' B which is now in communication with 
the open port 22. The valve 25 is therefore 
forced to open and the new charge is expelled 
from the decreasing compression chamber A 
through the port 2| into the chamber 23 driv 
4ing the burned gases ahead of it out through 
the port 22 into the increasing Volume of the 
expansion chamber B. The rotary valve 21 is 
arranged to close the port 22 before any of the 
new charge passes through it and the burned 
gases are now further expanded during the re 
mainder of the expansion stroke in the now iso 
lated expansion chamber B. Simultaneously the 
remainder of the new charge is completely ex 
pelled from the compression chamber A through 
the still open port 2| into the chamber 23 there 
by increasing the pressure of the explosive vapour 
therein to the desired pre-ignition value. At 
this time the margin of the disc 3 crosses the 
port 2| and brings into communication there 
with, at its point of maximum volume, the 
chamber A1 the low pressure within which al 
lows the relatively high pressure in the chamber 
23 to operate the valve 23 and close the port 
2|. At the same instant the expansion chamber 
B containing the fully expanded burnt gases is 
brought into communication with the port 20, 
through which they are expelled, and simul 
taneously a chamber B1 of minimum volume is 
brought into communication with the chamber 
23 which contains the compressed fuel charge. 
With the port 22 open, this charge is exploded 
by the> spark-plug 24, and the pressure in the 
chamber 23 and the communicating expan 
sion chamber B1 isolated by the discs 3 and 
4 rises sharply and provides a power impulse 
tending to cause the volume of the latter charn 
ber to increase and cause the disc 3 to revolve. 
This cycle of operations is repeated continuous 
ly once initiated by cranking of the engine, and 
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power developed by the revolution of the disc 3 
is transmitted through the trunnion 6. 

It should be obvious from the foregoing de 
scription that of the four chambers into which 
the sphere formed by the shells I and 2 is divi-ded 
by the intersecting discs 3 and 4, the pair on the 
left of Fig. l are used only to draw fuel vapour 
from the carburetor or other source and compress 
it into the chamber 23; and the pair to the right 
of Fig. l are used as expansion chambers in 
which the energy of the explosions taking place 
in the chamber 23 is utilized. As illustrated then, 
the engine is analogous to a two cylinder two 
stroke-cycle reciprocating engine. 

In Figs. 4 and 5 is illustrated a means whereby 
the compression ratios of the chambers of any 
engine of this type may be varied from unity to 
a substantially inñnitely high value. 

Referring to such figures, the device comprises 
the hollow sphere formed by shells 3U and 3| 
provided with the intersecting discs 3 and 4 
as previously described. In this exempliñcation, 
however, while the trunnions 5 and 6 arecarried 
by the shells 3|) and 3|, the disc 4v is rotatable 
about its axis in a groove 32 in a spherical shell 
33 which closely engages the inner walls of the 
shells 30 and 3|. The shell 33, which may be 
composed of more than one piece to facilitate 
assembly of the engine, is provided with an equa 
torially disposed flange 34 which is received in 
a groove 35 in the inner periphery of the sphere 
formed by the shells 30 and 3 l, such groove being 
coplanar with the axis of the trunnions 5 and 
6. Teeth 33 in the flange 34 are engageable with 
a worm 3i carried by an actuating shaft 33 
journalled in a pressure tight housing 39 on 
one of the shells 39 or 3|, and terminating in 
a hand-wheel 40. Slots 4| are provided in the 
shell 33 through which the trunnions 5 and 6 
pass and which permit the shell 33 to revolve 
a limited extent within the shells 30 and 3|, 
when the hand-wheel 40 is rotated. Bosses 42 
may be provided on the disc 3 which overlie and 
seal the slots 4| and also serve the same pur 
pose as the bosses I8 in the first described em 
bodiment of the engine. 

It will be obvious that the features of Figs. 4 
and 5 may be incorporated in an engine such as 
is disclosed in the other ñgures. In such case, 
then, by rotating the hand-wheel 40, the shell 33 
may be revolved within the outer sphere, there 
by varying the maximum and minimum angles 
between the discs 3 and 4 as the disc 3 revolves 
and thus changing the ratio between the mini 
mum and maximum volumes of each of the four 
compartments formed b-y the intersecting discs 
on revolution of the' disc 3. The power output 
of the engine may be controlled very smoothly 
by this means, between zero and the maximum 
possible, as'when the shell 33'is in such position 
that the disc 3 remains at approximately right 
angles to the axis of revolution of the disc 4 
while the disc 3 revolves there is only a very 
slight change in the volume> of each of the cham 
bers formed by the discs during each revolution 
ofthe disc 3, and very little work is done by the 
expanding gases during the cycle; as the angle 
between the disc 3 and the axis of the disc 4 
is decreased, the volume charge of each of the 
chambers increases, thereby increasing the work 
done by the expanding gases. 
An advantage of an engine constructed ac 

cording to my invention is that its power output 
may be varied from zeroV to maximum as rapidly 
or as slowly as may be desired, so that no vari 
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able ratio gear unit or equivalent device is re 
quired in order to adapt the engine to changing 
load conditions. 
Yet another advantage of the device is that 

the combustion of the fuel therefor takes place 
in a relatively isolated chamber, so that the 
moving parts of the engine are not exposed to 
as high temperatures as when they are in con 
tact with the burning gases. 
While I have described my invention with ref 

erence to a particular embodiment, I realize there 
are many other ways in which the novel features 
disclosed therein may be employed, and I there 
fore wish my disclosure to impose no limitations 
on the scope of the invention beyond those set 
forth in the appended claims. 
What I claim as my invention is: 
l. In a rotary engine comprising a hollow 

spherical shell divided into compartments by 
a pair of intersecting plates, one of which is rev 
oluble about a diameter thereof and the other 
of which is rotatable about a central axis nor 
mal to the plane of the plate, adjustable means 
for varying the angle made by the latter plate 
with the axis of revolution of the first plate. 

2. A rotary engine comprising a hollow spher 
ical shell »divided into compartments by a pair 
of intersecting plates, one of which is revoluble 
about a diameter thereof and the other of which 
is rotatable about a central axis normal to the 
plane of the plate, means for rotatably position 
ing the second plate therein, an outer substan 
tially spherical shell closely overlying the first 
shell, means for rotatably positioning the i'lrst 
plate therein, and adjustable means for rotating 
the inner shell within the outer shell whereby 
the angle made by the second plate with the 
axis of revolution of the first plate may be 
varied. 

3. A rotary engine as claimed in claim 2 where 
in the means for rotating the inner shell com 
prises an equatorially disposed flange thereon, 
a similarly disposed groove in the outer shell 
in which the flange is received, such groove being 
coplanar with the axis of revolution of the first 
plate, teeth on the flange, a worm gear jour 
nalled in the outer shell and engageable with 
the teeth on the flange, and means disposed ex 
ternally of the outer shell for rotating the worm 
gear. 

4. A rotary engine comprising a hollow shell 
divided by a pair of intersecting plates; one of 
which is revoluble about a diameter and the other 
of which is rotatable about its axis which is 
disposed at an angle to such diameter; into four 
compartments the volume of each of which varies 
on revolution of the ñrst plate, means for admit 
ting an explosive vapour fuel charge into the 
shell for compression in either one of one pair 
of adjacent compartments, an explosion cham 
ber disposed exteriorly of the shell, means for 
admitting each fuel charge during compression 
into the explosion chamber at such a time that 
it will force the exploded fuel charge therein 

' into the one of the other pair of adjacent com 
partments which is increasing in volume, means 
for interrupting the transfer of exploded fuel 
charge into the expanding compartment before 
any of the explosive vapour has entered the ex 
panding compartment, means for interrupting 
the connection between th compression com 
partments and the combustion chamber after 
each fuel charge has been admitted, means for 
connecting the explosion chamber to each expan 
sion chamber when its volume has reached a 

3 
minimum, means for exploding the fuel charge 
Within the explosion chamber, and means for 
exhausting the products of combustion from eachy 
expansion compartment after its volume has 
become aV maximum. 

5. In a rotary engine comprising a hollow shell 
divided into _compartments by a pair of inter 
secting plates, one of which is revoluble about 
a diameter and the other of which is rotatable 
about its-axis and is provided with a slot for the 
reception of the revoluble plate, combined seal 
ing and bearing means for the intersection of 
the plates comprising a cylindrical sealing mem 
ber journalled in the rotatable plate and having 
a slot therethrough in which the revoluble plate 
is received in fluid tight relation, means for 
forming a fluid tight seal between the surface 
of the cylindrical member and the slot in the 
rotatable plate, and a pivot pin disposed trans 
versely of and rotatably secured within the cy 
lindrical member extending through and being 
immovably fixed within a central hole in the 
revoluble plate. 

6. In a rotary engine as claimed in claim 1, 
combined sealing and bearing means for the in 
tersection of the plates comprisig a cylidrical 
sealing member journalled in a slot in the rotat 
able plate: and having an opening therethrough 
in which the revoluble plate is received in ñuid 
tight relation, means for forming a fluid tight 
seal between the surface of the cylindrical mem 
ber and the slot in the rotatable plate, and a 
pivot pin disposed transversely of and rotatably 
secured Within the cylindrical member extending 
through and being immovably ñxed within a 
central hole in the revoluble plate. 

7. In a rotary engine as claimed in claim 4, 
combined sealing and bearing means for the in 
tersection of the plates comprising a cylindri 
cal sealing member journalled in a slot in the 
rotatable plate and having an >opening there 
through in which the revoluble plate is received 
in fluid tight relation, means for forming a fluid 
tight seal between the surface of the cylindrical 
member and the slot in the rotatable plate, and 
a pivot pin disposed transversely of and rotat 
ably secured within the cylindrical member eX 
tending through and being immovably ñxed 
within a central hole in the revoluble plate. 

8. A machine of the kind described, compris 
ing a casing having a spherical opening there 
in, a revoluble disc within the opening provided 
with two diametrically opposite trunnions af 
ñxed thereto and extending into bearings in the 
casing, a second disc crossing said opening at 
an oblique angle with respect to the axis of revo 
lution of the first disc and intersecting it on a 
diameter thereof, a groove around the inside of 
the spherical opening in the plane of the second 
disc, the rim of the saidfsecond disc extending 
into the groove and permitting' rotation only 
about an axis normal to its plane, a cylindrical 
sealing member journalled into the second disc 
with its axis along the line of intersection of the 
tWo discs, a longitudinal slot in the cylindrical 
member through which the ñrst disc passes in 
ñuid tight relationship, and a pivot pin jour 
nalled transversely in the cylindrical member 
about which the first disc revolves. 

9. A machine of the kind described compris 
ing a casing having a spherical opening there 
in, a revoluble disc Within the opening provided 
with two- diametrically opposite trunnions af 
ñxed thereto and extending into bearings in the 
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an oblique ang-lev with respect to» the axis of 
revolution of the first disc and intersecting it on 
adiameter thereof, a groovearoun'd. the inside 
ofi` thek spherical opening inA the plane of the sec 

@ lond disc, the rim of the said second discf- extend 
ing'into the' groove and permitting rotation only 
about an axis normal to its plane, acylindrical 
sealing member journalled into the second disc` 
with its axis along the lineof intersection of the 
two' discs, a longitudinal slot in the cylindrical 
member through which the first disc passes in 
ñuid tight relationship, a pivot pin journalled 
transversely in thev cylindrical member about 
which the ñrst disc revolves, and-inlet-and. out 
let portsV through the casing to the spherical 
opening. 

10'. A rotary engine of the.kind describedA com 
prising a, casing having a spherical opening 
therein, a revoluble disc> within the opening pro 
vided with two diametrically opposite trunnions 
aiñxed thereto and extending into bearings in 
the casing, a second disc crossing said opening 
at an oblique angle with respect to the axisl 
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of revolution` of the‘ñrst disc. and intersecting it 
ona diameter thereof», a groove around the in 
side of the spherical opening in the plane of the 
second disc,.the rim of said second disc extend 
ing into the groove and permitting rotation only 
about anaxis normal to its plane, a cylindrical 
sealing member journalled into the second disc 
with its axis along the line of intersection of the 
tWo discs, a longitudinal slot in the cylindrical 
member through which the first disc passes in 
fluid tight relationship, a pivot p-in journalled 
transversely into` the cylindrical member about 
which the ñrst disc revolves, inlet and outlet 
portsy through the casing to the spherical open 
ing, and a combustion chamber disposed between 
an outlet and an inlet `port in such a manner 
that two compartments act as compressors feed 
ing the combustion chamber and the other two 
compartments act as expansion compartments 
for the combustion chamber after combustion 
has taken place. 

JOHN EDWIN RAYMOND. 

10 

15 

20 


