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Patented Apr. 6, 1948 2439,150 

UNITED STATES PATENT office 
reactionan 
Frederick E. Smith, Buffalo, N.Y. 

Application March 31, 1943, Serial No. 481,224 
V 2 Claims. (C. 123-43) 

1. 
This invention relates to an internal combus 

tion engine and more particularly to a four cycle 
internal combustion engine in which the pistons 
act against a single cam track, in converting the 
reciprocating motion of the pistons into rotary 
motion, in contradistinction to the usual crank 
shaft. 
One of the principal objects of the invention is 

to provide such an internal combustion engine 
with explosions occurring during each revolution 
and which is inherently balanced without a crank 
shaft, and which has a constant maximum lever 
arm thereby to eliminate the dead center top 

O 

and bottom pause which is incident to the use 
of a crank shaft. 
Another object of the invention is to provide a 

reliable, lightweight, high power and high speed 
internal combustion engine of this type which 
can be used as an airplane engine. 
Another object is to provide such an internal 

combustion engine which is very compact and 
also is self-contained. 
Another object is to provide such an internal 

combustion engine which will stand up under 
conditions of severe and constant use and also 
in which sliding parts are avoided in the drive 
connection between the pistons and the Oval 
cam track against which they act. 
Another object is to provide such an internal 

combustion engine which is composed of simple 
castings and parts and readily lends itself to 
mass production methods. 
Another object of the invention is to provide 

such an internal combustion engine which can 
be adapted to any type of fuel and in which the 
admission and control of the air and fuel can 
be effected in a simple and efficient manner. 
Another object of the invention is to provide 

such an internal combustion engine which can 
be either of the rotating or stationary cylinder 
type, 
Another object is to provide a simple and effec 

tive ignition system which insures combustion of 
the charges of the several cylinders in proper 
Sequence. 
Another object of the invention is to provide a 

simple and effective means whereby the form of 
the oval track can be varied to vary the inlet 
or suction time or stroke with reference to the 
exhaust time or stroke thereby to permit in 
creased expansion of the gases and increasing 
the volumetric efficiency of the engine. 
Another aim is to provide such an internal 

combustion engine in which the cylinders and 
their end heads are an integral unit. 
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Another object of the invention is to provide 

such an internal combustion engine which can 
be operated as a Diesel motor. 
Another object is to provide such a motor hav 

ing a large bore extending through the cylinder 
block among the several cylinders thereof and 
through which central cooling of the cylinder 
block can be effected. 
Another object is to provide such a motor in 

which this relatively large bore extending 
through the cylinder block and among the sev 
eral cylinders can be used to carry the intake 
and exhaust manifolds for the motor. 
Another object is to provide such an internal 

combustion engine in which this relatively large 
cylindrical bore extending through the cylinder 
block and among the several cylinders is ar 
ranged coaxially of the axis of rotation of the 
cylinder block so that a cannon can be fired 
through this bore, thereby to adapt the invention 
to this particular type of fighter plane. 
Another object of the invention is to provide 

such an internal combustion engine in which 
the various walls of the cylinder block are of 
thin cross section thereby to reduce the weight 
of the motor to a minimum and also increase 
the cooling efficiency thereof. 
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Other objects and advantages will appear from 
the following description and drawings in which: 

Fig. 1 is a vertical section taken transversely 
of the axis of rotation through an internal come 
bustion engine embodying my invention, this 
section being taken on line -, Fig. 2. 

Fig. 2 is a vertical section taken parallel with 
the axis of rotation, this section being taken on 
line 2-2, Fig. 1. 
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As shown in the accompanying drawings, the 
internal combustion engine embodying my in 
vention includes a rotating cylinder block 5 
which is shown as formed to provide six cylin 
ders 6 or more, the axes of these cylinders being 
arranged tangential to a common circle coaxial 
with the axis of rotation of the cylinder block 
and the inner closed end of each of these cylin. 
ders being arranged adjacent the outer open end 
of the next preceding cylinder. 
In each of the cylinders 6 is arranged a piston 
which can be of any usual and well known con 

struction and is shown as having the usual piston 
rings and to each piston is rigidly secured a 
connecting or piston rod 8. The outer end of 
each of the piston rods 8 traverses a stationary 
cam track, indicated generally at 0, this cam 
track being shown as oval in form, although its 
shape can be varied to obtain a differential in the 
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length of the inlet and exhaust strokes of the 
pistOS. 
The stationary cam track O is shown as com 

prising a relatively wide oval or elliptical inner 
rail ff secured to the inner face of a narrower 
oval elliptical supporting ring 2 thereby to pro 
vide a rail having Outwardly facing shoulders 3 
at its opposite sides. 
The track ?o is carried by a stationary spider 

indicated generally at 4, this spiders compris 
ing spaced end rings f, 6 which are preferably 
L-shaped in cross section, and integrally formed 
arched arms which Connect the two end rings 
5, 6 and arch outwardly to carry the oval track 

f0, the supporting ring 2 of this track being 
Secured to the Centers of these arched arms. 
While the spider O can have any number of 
arched arms to carry the Oval rail fo, six are 
shown in the drawings. 
In each of the end rings 5, 6 of the spider f4 

is fitted the outer race of a main bearing 20, the 
inner races of these bearings being carried by a 
ring 2 f which in turn is secured, in any suitable 
manner, to the corresponding end of the engine 
block 5. It will therefore be seen that the cyl 
inder block 5 is free to rotate in the main roller 
bearings 20 carried by the stationary spider 4 
and which spider also carries the oval track O. 
The fixed piston or connecting rods 8 work 

against the inner rail f of the Oval track and 
for this purpose the outer end of each of the pis 
ton rods 8 is bifurcated to provide two arms 24 
which embrace the inner rail f of this track. 
Between these arms of each piston is arranged 
a relatively large thrust roller 25, the axis of 
Which is arranged parallel with the axis of ro 
tation of the cylinder block 5 and the thrust of 
these rollers being against the inner elliptical 
face 26 of the rail . The outer end of each 
of the arms 24 of each piston rod is also shown 
as carrying a small outboard roller 28 which can 
engage the corresponding OutWardly facing 
shoulder 3 of the rail , although these small 
rollers 28 are not essential to the Operation of 
the engine. 
With the above arrangement of elliptical cam 

track and tangentially arranged pistons, it will 
be seen that one revolution of the cylinder block 
5 effects two reciprocations of each of the pistons 
7. Thus, while each roller 25 is passing from 
point A to point B on the rail fl of the oval track 
0, its piston T is moved inwardly a complete 

stroke, as indicated by the arrow associated with 
the left hand piston in Fig. i. This movement 
of each piston while its roller is traveling from 
point. A to point B can therefore be utilized as 
the compression stroke of the engine. 
While the rollers 25 are moving from point B 

to point C of the elliptical track the correspond 
ing piston T moves outwardly, this movement be 
ing indicated by the arrow associated with the 
lowermost cylinder in Fig. 1. Therefore, this 
movement can be used to provide the firing stroke 
of the engine. 
When each roller 25 moves from the point C 

to the point D, the corresponding piston 7 is 
moved inwardly as indicated by the arrow as 
sociated with the right hand cylinder in Fig. 1. 
Therefore, this movement can be utilized to pro 
vide the exhaust stroke of the engine. 
When each roller 25 moves from the point D 

to the point A on the elliptical track, the cor 
responding piston is moved outwardly as indi 
cated by the arrow associated with the upper 
most cylinder in Fig. 1. Therefore, this move 
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ent of each piston can be utilized to provide 
the intake stroke of the engine. It will accord 
ingly be seen that as the cylinder block rotates 
the Oval or elliptical cam track to provides a 
four cycles action, each piston being carried 
through a compression, firing, exhaust and in 
take stroke in this revolution of the cylinder 
block. 
To provide the charge of fuel and air for the 

intake stroke of each piston, the integral end 
ring f6 of the supporting spider 4 is shown as 
formed to provide a bracket 30 on which a 
carburetor (not shown) can be mounted. The 
air from the carburetor mounted on the bracket 
30 is drawn through a duct 3 into an annular 
Stationary intake manifold 32, this annular sta 
tionary intake manifold being U-shaped in cross 
Section and being open on its inside and provided 
with straight side walls. The entire cylinder 
block 5 is formed to provide a large borea 4 ex 
tending therethrough and coaxial with its axis 
of rotation and at its center the cylinder block 
5 is formed to provide an integral inwardly ex 
tending annular flange 35. A sleeve 36 is fitted 
in this bore 34 at the end thereof adjacent the 
annular stationary intake manifold 32 and this 
sleeve is formed to provide a radially outwardly 
extending flange 38 which is in closely spaced 
relation to the inner vertical side wall of the an 
nular stationary intake manifold 32. To prevent 
air from being drawn through the space between 
the rotating flange 38 and the adjacent inner 
side Wall of the annular stationary intake mani 
fold 32, a labyrinth seal 39 is preferably pro 
vided. 
The sleeve 36 and its flange 38 forms one wall 

of an annular rotating intake manifold passage 
40 of the engine and the other wall of this an 
nular rotating intake manifold is formed by a 
sheet metal drum 4 having an inwardly extend 
ing annular flange 42 at its inner end which can 
be secured to theinwardly extending flange 35 of 
the motor block 5 by bolts 43; and having a 
cylindrical part which is in contact with the 
bore 34 of the cylinder block 5; and also hav 
ing a reduced portion 45 which is spaced from 
the sleeve 36 to provide the annular intake mani 
fold space 40. At its outer end the sheet metal 
drum 42 is formed to provide a radially out 
Wardly extending flange 46 which is disposed in 
closely spaced relation to the outer straight wall 
of the annular stationary intake manifold 32. 
To prevent leakage between the rotating flange 
46 and the annular stationary intake manifold 
32, a labyrinth seal 48 is provided therebetween. 
The air and fuel from the annular intake 

manifold 40 is drawn into each of the cylinders 
6 through an intake passage 50 formed in the 
cylinder block and under control of an intake 
valve indicated generally at 5. While any suit 
able valve can be employed each of the valves 
5 is shown as being a poppet valve comprising 
a cylindrical valve body 52 having an inlet open 
ing 53 registering with the corresponding open 
ing 50 in the cylinder block and having a seat 
at its inner end against which the head 54 of 
the valve seats. This head is shown as having 
a stem which is slidably carried by a small sleeve 
55 arranged in the center of the valve body 
and the valve is shown as yieldingly held in its 
closed position by a helical compression spring 
56. The outer end of the stem of the valve is 
shown as held against a sliding tappet pin 60 
which is mounted in a horizontal guideway 
formed in the corresponding end ring 2 of the 
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cylinder block 5 and carries a roller 62. This 
roller engages a cam track 63 provided on the 
inner face of the ring 6 of the supporting spider 
4 and this cam track 63 is formed to provide 
a salient face so as to open each intake valve 5 
as the corresponding piston traverses its intake 
cycle. This would be those pistons whose rollers 
25 are traversing the elliptical track from the 
point C to the point D with the operation first 
assumed. At other times the valves 5 remain 
closed under the influence of their springs 56. 
The passage 65 through which fuel and air is 

drawn into each cylinder 6 under control of its 
intake valve 5 also serves as the exhaust pas 
sage for each cylinder. The exhaust of each 
cylinder is under control of an exhaust valve 
5 a which is shown as being identical in con 
struction to the corresponding intake valve 5 
and the description is hence not repeated, the 
same numerals being applied to the exhaust valve 
5a and distinguished from the corresponding 
parts of the intake valve by the suffix a. The 
cam track for the exhaust valves, designated at 
63a, is likewise similar to the cam track control 
ling the intake valves 5 except that its salient 
part is arranged to open the exhaust valves 5 a. 
as the pistons traverse the exhaust cycle. Un 
der the condition of Operation first assumed this 
would be when the rollers 25 on the piston rods 
8 are traversing the elliptical track from the 
point C to the point D. 
. The left hand end of the crank case 5, as 
viewed in Fig. 2, is formed to provide a cylindri 
cal extension 70 which has a radially extending 
flange T, this flange being provided with bolt 
holes 72 which permit of attaching the propel 
ler (not shown) directly to the cylinder block 
or to a gear drive mechanism. 
Each of the exhaust valves discharges into a 

passage 500 provided in the cylinder block and 
thence into an annular exhaust manifold 74 
formed within the bore 34 of the cylinder block 
by a sheet metal drum 75. This sheet metal drum. 
is shown as having an inwardly extending annu 
lar flange 76 at its inner end which is secured 
by the bolts 43 to the central inwardly project 
ing flange 35 of the cylinder block 5 and as hav 
ing an adjacent cylindrical part 77 which fits 
into the bore 34. Beyond this the drum 75 is 
contracted, as indicated at 78, so as to form the 
exhaust manifold space 74 and at its outer ex 
tremity the drum is formed to provide an axial 
ly extending flange 79 which can be secured, in 
any suitable manner, within the cylindrical ex 
tension 70 of the cylinderblock, 
To relieve the exhaust from the annular ex 

haust manifold 74 the left hand extension of 
the cylinder block 5 is formed to provide a plu 
rality of ports 80 leading from the exhaust mani 
fold space 74 to the exterior of the cylindrical 
extension 70 of the cylinder block. These ports 
80 lead into the space between a pair of sheet 
metal flanges 8 which are secured to the ex 
terior of the cylindrical extension 70 in any suit 
able manner and are embraced by a stationary 
annular exhaust manifold 82. As with the an 
nular stationary intake manifold 32, the annu 
lar stationary exhaust manifold 82 is U-shaped 
in cross section and is provided with straight side 
walls which are arranged in closely spaced rela 
tion to the flanges 8, leakage being prevented 
therebetween by labyrinth seals 83. 
The stationary exhaust manifold 82 is pro 

vided with an exhaust duct 84 at one side. 
The firing of the cylinders can be effected by 
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means of a track and a contactor traversing this 
track. For this purpose the ring 8 of the spider 
4 is shown as carrying a track 85 of insulating 
material which can be provided along a part 
of its length with a strip of metal 86 connected 
to a source of high tension current. Each of 
the cylinders is shown as having a contactor 87 
which can be pivotally secured to the cylinder 
block 5 in any suitable manner and arranged to 
traverse the track 85 and its strip of metal. Each 
contactor is shown as connected by a wire, 88 
with a spark plug 89 for the corresponding cyl 
inder. 
The metallic strip. 86 is provided in the track 

85 of insulating material in proper position to 
effect firing of the cylinders in proper sequence. 
This, under the operation assumed, would be at 
the end of the compression stroke and at the 
beginning of the firing stroke, this being when 
each roller 25 traverses the point B of the ellip 
tical track. 

In the operation of the engine as above de 
scribed, the cylinder block 5 rotates counterclock 
wise, as viewed in Fig. 1, and when each roller 
25 passes beyond the point C of the oval track 
0, the corresponding piston 7 is moved inward 

ly. At this point the salient part of the can 
track 63d moves the pin 60d to the right, as 
viewed in Fig. 2, thereby to open the exhaust 
valve 5ta against the resistance of the return 
spring 56a. The inward movement of this pis 
ton thereby causes the spent products of com 
bustion to be exhausted through its passage 65, 
open valve 5a, passages 53a and 50a, rotating 
exhaust manifold 74 and through the passages 
80 in the cylindrical extension 70 of the cylin 
der block into the annular stationary exhaust 
manifold 82 and through its outlet 84 to the at 
mosphere. The escape of exhaust gases from 
between the stationary annular exhaust manifold 
82 and the flanges 8 on the cylindrical exten 
sion 70 of the cylinder block is prevented by the 
labyrinth seals 83. 
When each roller 25 reaches the point D of 

the elliptical track, the roller 62a of the exhaust 
valve 50 associated with its cylinder passes be 
yond the salient part of the cam track 63a so 
that its exhaust valve 5 fc. closes under the influ 
ence of the return spring 56a. At the same time 
the form of the oval track to causes the corre sponding piston 7 to move outwardly. At this 
time the roller 62 of the corresponding intake 
valve 5 encounters the salient part of the track 
63 so that the pin 60 and valve 5 are moved to 
the left, as viewed in Fig. 2, against the resist 
ance of the return spring 56. The Outward move 
ment of the piston 7 thereby draws a charge of 
combustible mixture into the cylinder, this being 
supplied by the carburetor (not shown) mounted 
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on the bracket 30 and being drawn through the 
duct 3 and stationary annular intake manifold 
32 into the rotating annular manifold 40. As 
with the exhaust manifold, labyrinth seals 39 
and 48 are provided between the stationary and 
rotating parts of the intake manifold to prevent 
air from being drawn into the manifold 40 ex 
Cept through the Carburetor. The charge is drawn 
into the cylinder through the passages 50 and 
53, past the open intake valve 5 and through the 
passage 65 into the cylinder. 
When the roller 25 of each piston reaches the 

point A of the oval track to, the roller 62 and 
its associated intake valve passes beyond the 
salient part of the can track 63 so that the cor 
responding intake valve 5 closes under the in 
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fluence of its return spring 58. As each roller 
25 continues beyond the point A of the elliptical 
track, the corresponding piston T is forced in 

- wardly so as to compress the combustible mix 
ture in the cylinder. 
The piston T reaches the end of its compression 

stroke when its roller 25 passes the point B in 
the oval track 0, and at this time the correspond 
ing contactor 87 rides into engagement with the 
metallic strip 86 on the track 85 of insulating 
material so that high tension current is supplied 
from this strip through the contactor 87 and 
wire 88 to the corresponding spark plug 89. The 
compressed charge within the cylinder is thereby 
ignited. 
The expansion of the gas in the cylinder there 

by drives the piston Outwardly, this comprising 
the power stroke of the engine and during which 
stroke the corresponding thrust roller 25 is trav 
ersing the elliptical track from point B to point C. 
With the engine as above described, it will be 

seen that it is not essential that the can track 
to be truly elliptical and that the shape of this 
can track can be varied to adjust the time of 
the strokes of the piston during any desired cycle. 

2,439,150 
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said annular rotatable intake manifold to each 
of said cylinders, an inlet valve arranged at the 
side of the corresponding cylinder and control 
ling the flow of the combustible mixture through 

O 

each of said passages, means for exhausting each 
of said cylinders, means for igniting the combus 
tible charge in each of said cylinders, and means 
for actuating said valves, exhausting means and 
igniting means in a sequence to effect said rela 
tive rotation of said cylinder block and Oval cam 
track through the thrust of said piston rods 

5 

against said oval can track, said rotatable intake . 
manifold defining a large, unobstructed tubular 
coaxial passage extending completely through the 
engine. - 

2. An internal combustion engine, comprising 
a cylinder block having a large bore extending 
therethrough and having a plurality of cylinders 
with their axes tangential to a circle concentric 

20 

25 For example, by elongating the elliptical track, 
as shown by dotted lines in Fig. 1, a longer intake 
and compression stroke in point of time is pro 
vided in relation to the power stroke, thereby 
to draw a greater volume of air into each cyl 
inder and increase the volumetric efficiency of 

80 

the engine. Further, it will be understood that . 
supercharged air could be supplied through the 
carburetor to the engine. 

It will be noted that by providing the large 
axial bore 33 through the cylinder block, the 
cylinder block can be centrally cooled thereby 
to simplify the problem of maintaining the de 
sired operating temperature of the motor. Fur 
ther, it will be seen that the design of the mo tor girovides thin cylinder block sections through 
outso as to provide high cooling efficiency. It will 
also be seen that the large axial bore, through 
the cylinder block, permits of discharging a can 
non axially through the motor so as to render 
the motor particularly applicable to combat 
planes. The motor can also be gf the internal 
combustion type as shown, or can be readily mod 
ified to operate on the Diesel principle. 

I claim as my invention: 
1. An internal combustion engine, comprising a 

cylinder block having a large bore extending 
therethrough and having a plurality of cylinders 
with their axes tangential to a circle concentric 
with said bore, an oval can track surrounding 
Said cylinder block and arranged in the plane of 
the askes of said cylinders, said cylinder block and 
oval cam track being rotatable relative to each 
other about the axis of said bore, a piston in each 
of said cylinders, a piston, rod secured to and 
maintained in substantially coaxial relation to 
each piston and having thrust engagement with 
said track, a ring-shaped stationary intake mani 
fold adjacent to and concentric with one end 
of Said bore and having an inlet opening and an 
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outlet-opening through which a combustible mix 
ture is supplied to said cylinders, a ring-shaped 
rotatable intake manifold secured within said 
bore and directly coacting with said annular sta 
tionary intake manifold to receive the combus- 70 
tible mixture therefrom, a passage leading from 

with said bore, an oval cam track surrounding 
said cylinder block and arranged in the plane of 
the axes of said cylinders, said cylinder block and 
oval can track being rotatable relative to each 
other about the axis of said bore, a piston in each 
of said cylinders, a piston rod secured to and 
maintained in substantially coaxial relation to 
each piston and having thrust engagement with 
said track, a ring-shaped stationary exhaust man 
ifold adjacent to and concentric With one end 
of Said bore and having an outlet opening and 
an inlet opening, a ring-shaped rotatable exhaust 
manifold secured within said bore and directly 
coacting with said ring-shaped stationary exhaust 
manifold to discharge the products of combus 
tion thereini, an exhaust passage leading from 
each cylinder to said annular rotatable exhaust 
manifold, an exhaust valve arranged at the side 
of the corresponding cylinder and controlling the 
flow of the products of combustion through each 
of Said exhaust passages, means for admitting a 
combustible charge to each of said cylinders, 
means for igniting the charge in each of said 
cylinders, and means for actuating said admitting 
means, igniting means and exhaust valves in a 
sequence to effect relative rotation of said cyl 
inder block and oval cam track through the 
thrust of Said piston rods against said oval cam 
track, Said rotatable exhaust manifold defining 
a large, unobstructed passage extending com 
pletely through the engine. 
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