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My invention relates to internal combus tion engines of the type employing pistons 
which oscillate about a fixed axis. It is the 
object of my invention to provide an engine 
having a plurality of cylinders and pistons 
arranged about a common axis, in which the 
pistons are fixedly connected with each other 
to move simultaneously about the axis of 
oscillation, and in which the pistons are Sup 
ported independently of the cylinders, where 
by to reduce to a minimum the friction and 
wear between the cylinders and pistons. A 
further object of my invention is to provide 
an engine of this type employing toroidal 
cylinders arranged in pairs, and each pair 5 Cy 
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of the cylinders having between their adja 
cent ends a head-block carrying the valve 
mechanism and having the intake and ex 
haust connections for both cylinders of the 
pair. A further object of my invention is 
to provide an engine in which the piston 
assembly may be balanced about a common 
axis so as to be inherently free from any 
tendency to cause vibration by unbalanced 
rotative movement. A further object is to 
provide an engine in which a plurality of 
cylinders are arranged symmetrically in a 
plane transverse to the crank-shaft axis, whereby the cylinders may be uniformly 
cooled by air-currents moving longitudinally 
of said axis. A further object of my inven 
tion is to provide, for an engine of the class 
described, a valve mechanism and actuating 
means therefor whereby all of the exhaust 
valves may be controlled by a single cam, and 
the intake-valves similarly controlled by an 
other cam. A further object is to provide an 
engine structure in which a plurality of 
multi-cylinder units may be arranged in a 
common plane about a common crank-shaft, 
to which the power from all of the cylinders 
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is transmitted. More particular objects of 
my invention will be set forth hereinafter. In the accompanying drawings Fig. 1 is a 
front elevation of an engine embodying my 
invention, the chain-belt and gears for ac 
tuating the cam-shaft being removed, Fig.2 
is a partial transverse section on a plane passing through the cylinders, Fig. 3 is a 
vertical axial section on the line 3-3 of Fig. metrical to a vertical plane 
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2, Fig. 4 is a diagrammatic view showing 
the arrangement of a plurality of the multi 
cylinder units about a common crank-shaft, 
Fig. 5 is a detail section of one of the cylin 
ders on the line 5-5 of Fig. 2, Fig. 6 is a 
detail transverse section on the line 6-6 of 
Fig. 3, and Fig. 7 is a detail section through 
one of the cylinder head-blocks on the line 
7 7 of Fig.2. 
In carrying out my invention according to 

the illustrated embodiment thereof I provide 
a suitable frame comprising a pair of mem 
bers, each having a base portion 10, and an 
upwardly extending portion 11. At the cen 
tral parts of the base portions 10 are formed 
the bearings 13 in which the crank-shaft 12 
is revolubly mounted; the crank-blades 14, 
crank-pin 15, and crank counterweights 16. 
being positioned between the bearings as 
shown in Figs. 2 and 3. An oil-pan. 17, se 
cured beneath the base 10, incloses the crank 
and is extended also about the fly-wheel 18 
which is carried on the rear end of the crank 
shaft. 
The upper portions 11 of the frame-mem 

bers are spaced apart by a shouldered tubular 
sleeve 19 of which the reduced ends fit into 
alined openingsparallel with the crank-shaft, 
the shoulders of the sleeve engaging the in 
ner-sides of the frame, as shown in Fig. 3. 
The front and rear frame-members are 
clamped together by a pair of bolts 20 ex tending through the same adjoining the base 
portions; and other bolts 21 are arranged 
symmetrically about the axis of the sleeve 
19, said bolts passing through sector-shaped 
parts 22 integral with the frame-members 11. 
Said parts 22 are inclined toward each other 
in opposite pairs, as indicated in Fig. 3, and 
between the same are clamped the lugs 24 of the toroidal cylinders 25. The cylinder-lugs 
24 are shouldered to fit against the arcuate 
outer edges of the parts 22, the sides of the 
lugs being inclined so that in transverse sec 
tion the lugs are of dovetail shape, as shown 
in Fig. 5, and each of the lugs has a trans 
verse opening for receiving the respective 
clamp-bolt 21. 
The cylinders 25 are arranged in pairs sym passing through 
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the axes of the crank-shaft and the sleeve 19. Radiation-fins or flanges 26 are formed inte 
grally with the cylinders, said flanges extend 
ing circumferentially about the cylinders in 
Planes radial to the toroidal axis, which is 
concentric with the sleeve 19. Between the adjoining ends of each pair of the cylinders 
is all integral head-block comprising a pair 
of plates or heads 27 which directly engage 
the ends of the cylinders, a plurality of paral 
lel radiation-webs or flanges 28 between said 
heads 27 and extending from the front to the 
real edges of the block, and exhaust and in 
take conduits 29 and 30 which extend, respec 
tively, from the front and rear edges of the 
block to the valve-seats 31 at the opposite 
faces of the heads 27, the passage through 
each conduit being divided at its inner end to 
extend through a valve-seat in each of the 
heads 27. Tubular valve-guides 32, arranged 
concentrically with the seats 31, are also 
formed integrally with the head-block. 
Valves 33, having stems 34 slidable in the 
guides 32, are adapted for engagement with 
the seats 31 to control the flow of gases 
through the conduits 29 and 30 from and to 
the cylinders. The valve-stems 34 are 
grooved circumferentially to form annular 
rack-teeth 35 which are operatively engaged 
with similar teeth formed at the inner ends of 
rocker-arms 36, said arms being carried on 
the ends of small shafts 37 mounted in bear 
ing-blocks 38 secured between the outer por 
tions of the heads 27. The rocker-arms 36 
extend through slots in the sides of the guides 
32, as shown in Figs. 2 and 7, and the annular 
rack-teeth 35 on the valve-stems enable the 
valves to rotate freely about the stem-axes 
while maintaining operative connection with 
the teeth on the ends of the rocker-arms. Each 
of the rocker-arms has a lug 39 integral there 
with and extending outwardly from the shaft 
37, and between the opposite pairs of said lugs 
39 are arranged the helical valve-springs 40. 
The pressure of each of said springs 40, trans 
mitted to the valve-stems through the respec 
tive pair of rocker-arms, holds the pair of 
valves normally in closed position, engaging 
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the seats 31, as shown in Fig. 2. For moving 
the valves to open position the shafts 37 are 
actuated by means hereinafter described. 
On the sleeve 19, between the frame-mem 

bers 11, is mounted the piston-rocker 41 which 
has, at its upper and lower ends, opposite 
ly extending curved arms 42 adapted to swing 
into the open ends of the cylinders 25. The 
pistons 43 are secured to the ends of said arms 
42, the pistons being shortcup-shaped mem 
bers, slightly smaller in diameter than the 
bore of the cylinders, whereby said pistons 
may be supported entirely upon the rocker, 
without frictional contact with the cylinder 
walls. Suitable expansible rings. 44 are dis 
posed in ring-grooves in the pistons, said 
rings being adapted to contact with the cyl 
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inder-walls to form fluid-tight joints between 
the same and the pistons. One of the arms 
42 at the lower end of the rocker is provided 
with a transverse pin 45, and from said pin 
45 the connecting-rod 46 is extended to the 
pin 15 of the crank-shaft. The arrangement 
is such that by rotation of the crank-shaft 
the rocker is moved oscillatingly about the 
axis of the sleeve 19, one pair of the pistons 
being moved toward the closed ends of their cylinders simultaneously with movement of 
the other pair of pistons toward the open ends 
of their cylinders, so that at each stroke of the 
rocker, by suitable timing of the ignition and 
valve-actuating means, there may be an in 
take of combustible charge to one cylinder, 
compression of the charge in another cylinder, 
combustion and expansion of the charge in 
another cylinder, and scavenging of the 
fourth cylinder, the cycle of operations being 
twice repeated during each revolution of the 
crank-shaft. 
Arranged concentrically with the sleeve 19, 

and secured upon the opposite sides of the 
frame-members 11, are the cam-housings of 
which each comprises separable inner and 
outer members 47 and 48, the latter carrying 
a ball-bearing 49 in which the cam-shaft 50 
is journaled. Said cam-shaft extends 
through the tubular sleeve 19, and at its front 
end carries the chain-gear 51 which is con 
nected by a chain-belt 52 with a chain-gear 53 
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on the crank-shaft, by which the cam-shaft 
is driven at half the speed of the crank-shaft. 
To the rear housing-member 48 is secured a 
cup-shaped casing 54 to which is removably 
secured the bearing-member 55 of the igni 
tion-timing and distributing device -56. The 
latter may be of the ordinary and well-known 
construction in which the rotating member is 
coupled with or connected to turn at the same 
rate as the cam-shaft, and from the timing 
and distributing device the high-tension con 
ductors 57 may be extended to the spark 
plugs 58, the latter being screwed into diag 
onally extending threaded openings in the 
sides of the cylinders 25 near the closed ends 
thereof, as shown in Fig. 2. 
The exhaust-cam 59 is formed integrally 

with the cam-shaft and is positioned central 
ly of the front cam-housing, as shown in Fig. 
3. The intake-cam 60 is positioned within 
the rear housing and is formed integrally 
with a sleeve 61 fitting upon the reduced rear 
portion of the cam-shaft, the sleeve being re 
tained longitudinally upon the shaft by a nut 
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62, and being prevented from turning, rela 
tively to the shaft, by means of a suitable key 
(not shown). In each cam-housing are slid 
ably mounted four radially extending stems 
or tappets 63, spaced uniformly about the axis 
of the cam-shaft, and provided at their inner 
ends, with rollers 64 for engagement with the 
respective cams, as shown in Fig. 6. For con 
vénience of assembling, the tappets are so ar 
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ranged as to be carried by the outer housing 
members 48 when the latter are disconnected 
from the inner members 47, although when 
the parts are in assembled relation said inner 
members 47 form a portion of the guides for 
the tappets. 
Upon the peripheral portions of the inner 

housing-members 47 are lugs 65, shown in 
Fig. 1, and upon said lugs are pivotally 
mounted angle-levers or bell-cranks, each 
having an arm 66 which engages the outer 
end of the adjacent tappet, and an arm 67 
having near its end a recess or socket for re 
ceiving the end of a push-rod 68. The oppo 
site or outer ends of the push-rods are re 
cessed to receive the rounded ends of the ad 
justing-screws 69 which are carried at the 
end of arms 70 secured upon the ends of the 
shafts 37. The arrangement is such that dur 
ing each revolution of the cam-shaft the cam 
will actuate the tappets successively, at uni 
form time intervals corresponding to a quar 
ter-revolution of the shaft, and as each tappet 
is raised by the cam the motion will be trans 
mitted by the respective bell-crank, push-rod, 
arm 70 and shaft 37, to the rocker-arm 36, by 
which the corresponding valve will be actu 
ated to open position. 
From the foregoing it will be seen that my 

invention provides an internal combustion 
engine, operating on a four-stroke cycle, in 
which the piston-assembly comprises an os 
cillating unit movable about a fixed axis, 
upon which the assembly may be so led 
as to be inherently free from vibration dur 
ing operation of the engine. It will also be 
seen that by suitably proportioning the coun 
terweights 16 to the moment of the connect 
ing-rod, crank-pin 15 and blades 14 about the 
axis of the crank-shaft, these elements may 
constitute a balanced rotative group, substan 
tially free from any tendency to vibrate while 
in operation. By the supporting of the pis 
tons upon the rocker 41, friction between the 
pistons and cylinders is eliminated, and wear 
of the cylinders is limited to that caused by 
the engagement therewith of the piston 
rings. 
Uniform cooling of the cylinders may be 

effected by air-currents moving in the direc 
tion of the toroidal axis, and thus passing be 
tween the cooling-flanges on the bodies of 
the cylinders, and through the passages in 
the head-blocks intermediate the webs 28. 
The valve mechanism is relatively simple, 

and adjustments of the valve-actuating means 
is easily effected by the adjusting-screws 69, 
which are so readily accessible as to enable 
adjustments thereof to be made while the 
engine is in operation. 

Referring to Fig. 4, there is indicated dia 
grammatically a combination of three of the 
four-cylinder oscillating-piston units, ar 
ranged in a common plane about a common 
crank-shaft, to which power from each of 
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the units may be transmitted by a single 
connecting-rod. The structural modifica 
tions required in such a multiple-unit em 
bodiment of my invention will be apparent 
to those skilled in the art, and need not be 
set forth in detail herein. - 
The maintaining of full floating action 

between piston and cylinder walls at any 
operating temperatures produces a higher 
degree of performances and assured factors 
of safety. The expansion and contraction 

70 

of piston and cylinders of the conventional 
motor under extreme atmospheric changes 
which aircraft motors frequently encounter, 
tends for loss of power and often results in 
stalled motors, due to pistons seizing because 
of heat, or motor cutting out from cold. 

.80 

The expansion and contraction, of cylinder 
or piston in the full floating assembly would 
not change the operating conditions or cause 
frictional heat causing the seizing of piston 
from heat, or spoil the sealing of compres 
sion if motor becomes chilled. 
The piston fit in the conventional motor 

acts as a crosshead absorbing the pressures 
caused by the angularity of the connecting 
rod, producing wear and frictional heat, and 
thus a loss in power and a shorter lived en 
gine. A tight piston will heat and seize; a . 
loose piston slaps and causes ring disturb 
ances with a loss of compression and power 
and also pumps' oil and causes crank case 
dilution. This would not occur if the piston 
were carried in a true path not in contact 
with the cylinder wall, with friction cut 
down to only the ring pressures. . 
An appreciable amount of oil is saved due 

to the elimination of all piston side pres 
sures and the smaller amount of contact sur 
face. The cylinder length is shorter for the 
same stroke than in a conventional cylinder 
due to the fact that it is only necessary to 
cover the stroke of the rings. A supply of 
oil that would be disastrously low for a con 
ventional piston and cylinder assembly 
would be ample for the lubrication of rings 
and cylinder in the full floating assembly. 
. A cold motor of this design is easier start 
ed due to less labor required to overcome the 
frictional drag than would be the case in a 
cold motor of the conventional assembly. 
A conventional motor builds itself up by 

wear to its peak of performance and from 
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there on it be began to gradually decline as 
piston and 
another. 
This would not hold 

ing assembly as the engine is serviceable 
without breaking it in and will continue 
serviceable a greater number of hours. 
Now, having described my invention, what, 

I claim and desire to secure by Letters Pat 
ent is: -- 

1. In an internal combustion engine, a plu 
rality of toroidal cylinders arranged in pairs 

V 

cylinder wear away from one 

C. 

true in the full float 
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4. 

about a common axis, radially disposed head 
blocks interposed between the members of 
each pair of cylinders and closing the inner 
ends thereof and provided with exhaust and 
intake conduits communicating with the cyl 
inders, said head blocks being also provided 
with interiorly arranged radiation webs, a 
rocker mounted for oscillation about the 
toroidal axis of the cylinders and having 
pistons operating in the said cylinders, and 
valve mechanism for controlling the exhaust 
and intake conduits. 

2. In an internal combustion engine, a plu 
rality of toroidal cylinders arranged in pairs 
and disposed about a common axis, radially 
arranged head blocks interposed between 
cach pair of cylinders and closing the inner 
ends thereof and provided with exhaust and 
intake conduits, said head blocks being also 
provided with interiorly arranged substan 
tially parallel radiation webs interposed be 
tween the ends of the cylinders and extend 
ing from the front to the rear edges of the 
head blocks, a rocker mounted for oscillation 
about the toroidal axis of the cylinders and 
having pistons operating in the cylinders, 
and valve mechanism for controlling the said 
conduits. 

3. In an internal combustion engine, Sup 
porting means comprising a two-part sym 
metrical frame having rocker bearings and 
provided with outwardly converging cylinder 
Supporting arms having arcuate surfaces at 
their outer ends, and toroidal cylinders se 
cured to the said arms and fitted against the 
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said arcuate surfaces and adapted to be. 
moved on the said arcuate edges in a path con 
centric with the rocker bearings when the fas 
tening means is removed. 

4. In an internal combustion engine, Sup 
porting means comprising a two-part sym 
metrical frame having rocker bearings and 
provided with outwardly converging cyl 
inder supporting portions presenting oppo 
site inclined cylinder holding surfaces at 
their inner faces, and toroidal cylinders pro 
vided with dove-tail portions presenting op 
positely inclined faces to and confined be 
tween the said converging portions and fitted 
against the inclined surfaces thereof. 

5. In an internal combustion engine, sup 
porting means comprising a two-part sym 
metrical frame having rocker bearings and 
provided with outwardly converging cyl 
inder supporting portions presenting oppo 

O 

site inclined cylinder holding surfaces at 
their inner faces, said cylinder supporting 
portions being provided with arcuate outer 

9 and toroidal cylinders provided with dove 
tail lugs presenting inclined faces to and 
confined between the said converging cylinder 
supporting portions and fitted against the 
inclined surfaces thereof. 

6. In an internal combustion engine, a sup 

walls. 

edges concentric with the rocker bearings, 
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porting frame, an oscillating rocker compris 
ing a body portion centrally mounted in the 
frame, and arms arranged in pairs at the 
outer ends of the body portion and extending 
in opposite directions therefrom substan 
tially concentric with the axis of the rocker, 
pistons rigid with and carried by the outer 
ends of said arms, and pairs of toroidal cyl 
inders detachably secured, co-axially in a 
common plane to the supporting frame with 
the pistons having a floating action therein, 
said cylinders being interlocked with the sup 
porting frame and movable backwardly from 
the pistons to expose the same when the fas 
tening means of the cylinders is removed. 

7. In an internal combustion engine, a 
plurality of toroidal cylinders arranged 
fixedly about a common axis, each cylinder 
having an open end, a rocker mounted for 
oscillation about said axis and having por 
tions entering the open ends of the cylinders, 
pistons mounted fixedly upon said portions 
of the rocker and movable therewith within 
the cylinders, said pistons being supported 
solely by said rocker and being spaced from 
the cylinder-walls sufficiently to remain en 
tirely out of contact therewith and provide 
an intervening clearance-space between the 
pistons and cylinder-walls under all condi 
tions of operation, whereby to eliminate fric 
tion between the pistons and cylinders and 
inhibit conduction of heat from one to the 
other, and whereby heat may be conducted 
from the pistons through the connecting por 
tions of the rocker, and expansible packing 
rings carried by the pistons and extending 
across the clearance-spaces to engage the cyl 
inder-walls, said rings being the sole ele 
ments contacting movably with the cylinder 
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