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The broad object of my invention is to provide shaft and through the center lines of the two 

an engine in which a greater amount of the forward cylinders, except at the heads of the 
energy available at the piston is converted into cylinders where the plane is brought forward to 
useful work than is possible in the ordinary motor the axis of one of the valveshanks. 5 of present design. . . . . Figure 2 is a vertical sectional view of the same 5 

It is among the more specific objects of my taken in a plane passing through the driven shaft 
invention to provide an engine in which the re- axis and at right angles to the center lines of the 
ciprocating motion of the pistonistranslated into two forward cylinders shown in Figure 1. 
a rotary motion of the driven shaft without in- Figures 3 to. 6 are vertical sectional views, 

0 volving the usual crank shaft dead centers, largely diagrammatic, taken in a plane trans- 10 
Another object of my invention is to provide an versely of the driven shaft and through the center 

engine in which the energy available at the pis- lines of the two forward cylinders; theses views . 
ton is applied to the driven shaft as a torque act- showing the relation between the pistons and the 
ing with a substantially constant lever arm, in- track at the beginning of the several strokes. . 
stead of a torque acting with a lever arm which Figure 7 is a transversevertical sectional view 15 
varies from zero to the length of the crank taken in a plane through the axis of the cylinder, 
arm as in the usual crank shaft motor: and illustrates a variant form of track and en 
Another object of my invention is to provide an gaging element construction. . . . . . . 

internal combustion engine in which the piston Figure 8 is a diagrammatic view showing the 
20 strokes may be of different length, so that a motor manner in which the track is laid out for the 20 

design may be effected in which the expansion firing stroke. . . . . . . . . . . . . . 
ratio is greater than the compression ratio. . . . Figure 9 is a diagrammatic view showing the 
Another object of my invention is to provide relation between the various strokes of a piston. 

an engine of the character described which is Interms of broad inclusion, the engine em capable of higher piston speeds with respect to bodying my invention comprises a shaft having 25 
driven or crankshaft speeds than is possible with an endless track mounted for rotation therewith. 
the ordinary motors of present design. Atrack-engaging element is provided, and guide 
Another object of my invention is to provide means are provided for limiting movement of 

an engine which permits a more rapid and com- the element along an axis spaced from the shaft 
30 plete expansion of the gases under combustion, axis, Means are also preferably provided for 30 

so as to effect less loss of power in exhaust and moving the track-engaging element; the track 
radiation. . . . . . . . being preferably designed to accord with a recip 
Another object of my invention is to provide rocating motion of its engaging element. The 

an engine which is capable of and able to main- means for moving the track-engaging element 
8 tain a better mechanical balance than the crank preferably comprises a cylinder having a piston 35 

shaft type of motor. . . . . working therein, together with means connecting -. 
Still another object of my invention is to pro- the track-engaging element for movement with 

vide an engine in which the mechanical causes of the piston. . . . . . . : 
piston slaps and detonation knocks are largely ... By this mechanism the reciprocating motion of 
eliminated. . . . . . . the piston is translated into a rotary motion of 40 
A further object of my invention is to provide the shaft without involving the usual crankshaft 

an internal combustion engine whose operation dead centers, and the energy: available at the 
approaches that of a constant torque notor. ... piston is applied to the shaft as a torque acting 
A still further object of my invention is to ac- with a substantially constant lever arm. When 

complish the above objects by an engine which the mechanism is incorporated in an internal 45 
is more compact in stricture, lighter in weight, combustion engine the track is preferably de 
possesses fewer working parts, and which operates signed to accord with piston strokes of varying 
with less noise and vibration than the ordinary in- lengths. Preferably the design is such that the 
ternal combustion motor. firing stroke is longer than compression stroke 
The invention possesses other objects and fea- to give an expansion ratio greater than the com- 0. 

tures of advantage, some of which, with the fore- pression ratio. In a four cycle engine the track 
going, will be set forth in the following descrip- is preferably designed to complete the four 
tion of my invention. It is to be understood that cycles in one revolution of the shaft. 
I do not limit myself to this disclosure of species. In greater detail, the engine embodying my in 
of my invention, as I may adopt variant embodi- vention is described as a four cycle internal com 
rents thereof within the scope of the claim... bustion engine in which the four cycles are com 
Referring to the drawings: . pleted in one revolution of the shaft being driven, 
Figure 1 is a vertical sectional view showing an and in which the strokes of a cycle are of differ 

engine embodying my invention; the plane of ent lengths. It is to be understood however that section being taken transversely of the driven this particular embodiment of my invention is 
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2 
shown merely for purposes of illustration in Or 
der to show the various features of my improved 
mechanism. Referring particularly to Figures 1 
and 2, the engine comprises a straight shaft 2 
which replaces the ordinary crankshaft. A plu 
rality of spaced driving disks 3 are mounted on 
the shaft 2; in the four cylinder motor shown 
there are preferably three of these disks. 
The cylinders are positioned on opposite sides 

of the shaft 2 being driven, and two of the cylin 
ders, 4 and 6, are arranged between one pair of 
the disks 3, while the other two cylinders, 7 and 8, 
are arranged between the other pair of disks. 
The cylinders in a pair are arranged substantially 
parallel and are positioned with their heads ex 
tending in opposite directions. Also, the cylin 
ders in One pair are preferably positioned at Sub 
stantally right angles to the cylinders in the other 
pair. This arrangement of the cylinders is prob 
ably best shown in Figure 1. 

Each cylinder is provided with a piston 9 fixed 
On the end of a connecting rod . The outer 
end of each rod is connected with a crosshead 2 
slidably arranged in the guideways 13. The cross 
head f2 is preferably circular in shape and the 
guideways 3 are preferably formed as extensions 
of the cylinder walls, the slot-like openings: 4 
being provided between the guideways to allow 
paSSage of projecting portions 6 of the cross 
head. A shaft f is mounted in the tubular por 
tions 6 of the crosshead 2 and carries adjacent 
the ends thereof a pair of rollers f8 positioned ad 
jacent the opposing surfaces of the driving 
disks 3. - . 
A third roller 9 is also mounted on the shaft 
and is positioned alongside the outer roller, 8. 

These rollers are freely journaled on suitable 
bearings, such as the ball bearings 20. By this 
arrangement it is apparent that the crosshead 2 
and consequently the rollers 18 and i 9 are con 
nected for reciprocation with the piston 9, and 
are limited in their movement to a path along an 
axis 2 which is spaced from the shaft axis at all 
points. h- . . . ? " ... . . . 

A track is mounted on and disposed circumfer 
entially of the driven shaft 2. This track is 
mounted on the driving disks 3, and is in the 
nature of matched track sections, 22 suitably-se 
cured to opposing faces of the driving disks and 
along the inside of which the rollers 8 are 
adapted to ride. Another track section 23 is 
also provided on the inner face of each outer 
driving disk, on the outer side of which the 
inner rollers 9 are adapted to ride. The track 
Sections 23 are provided with a recessed periph 
eral portion 24 in order to clear the rollers 8. 
The general shape of the preferred track is 

shown in Figure 1, and it is to be noted that 
there are four operating portions; one for the 
intake stroke, another for the compression stroke, 
another for the firing stroke and still another 
for the exhaust stroke. The design of the track 
and the arrangement of the cylinders and pistons 
is Such that each of the four pistons is operating 
in a different stroke and on a different operating 
portion of the track at a given time. In the 
Set-up shown in Figure 1 it happens that the 
piston of cylinder 8 is about to begin its intake 
stroke, the piston of cylinder 4 is about to begin 
its compression Stroke, the piston of cylinder 7 
is about to begin the firing stroke, and the piston 
of cylinder 6 is about to begin its exhaust stroke; 
the shaft 2 being rotated in a clockwise direction. 
Suitable counterweights 25 are mounted on the 
driving disks 3 in order to balance the system, 

2,006,872 
It is to be noted that during the compression, 

firing and exhaust Strokes the track engaging 
elements or rollers 8 are driving against the 
outer track sections 22, and that during the in 
take stroke the piston is moved by the action of 
the track engaging element or roller 9 bearing 
against the inner track sections 23. This ac 

... counts for the double construction as indicated 
by the pairs of rollers 18 and the lighter construc 
tion as indicated by the single roller, 9. 
An important feature of the mechanism re 

sides in the fact that the track engaging ele 
ments move in a path along the axis 2 which is 
spaced from the shaft axis at all points. By 
this arrangement the reciprocating motion of 
the piston is translated into a rotary motion of 
the shaft 2 without involving the usual crank 
shaft dead centers, and the energy available at 
the piston is applied to the shaft as a torque act 
ing with a substantially constant lever arm; viz., 
the force of the piston acts along the line 2 
which is fixed with respect to the shaft axis SO 
that the perpendicular distance between the line 
2 and the shaft axis is constant. 
The cylinder heads 26 have the usual spring 

pressed intake and exhaust valves 27, and in my 
machine are actuated by suitable push rods 28 
operated by cams 29 mounted directly on the 
shaft 2 being driven. . This is possible because 
the four cycles are completed in One revolution 
of the shaft 2, and there is consequently no need 
of a cam shaft operating at half Speed as re 
quired in the ordinary four cycle engine. 
By the mechanism shown in Figure. 1 it will 

be observed that power is being applied to the 
driven shaft 2 throughout its entire revolution. 
The firing strokes of the respective cylinders foll 
low in succession, each operating during 90 de 
grees of rotation of the shaft 2. In other words, 
the operation of the engine approaches that of 
a constant torque motor. It is thus Seen that 
the four cylinders in this design will give the 
the same number of power impulses as any ordi 
nary eight cylinder four cycle motor of the pres 
ent design. One of the advantages of my engine 
however is that the design leads to a compact 
arrangement and light weight; these features 
being particularly desirable in airplane work. 
Another important feature of this particular 

design of my engine is the increased piston Speed 
with respect to the crank shaft speed. In the 
present type of crank shaft motors, where the 
four cycles are completed in two revolutions of 
the crank shaft, the piston speeds are definitely 
limited to a point less than the Speed limits of 
the expanding gases. This limitation comes in 
because of the fact that present crank shafts will 
not function properly above certain Speeds. If 
these speeds are exceeded serious balancing and 
mechanical troubles arise. In the engine of my 
invention the piston Speeds are materially in 
creased without increasing the Speed of the shaft 
being driven. Furthermore, the straight shaft 
eliminates many of the balancing troubles in 
herent in the present type of crank shaft con 
struction. This furthers the possibilities of still 
higher piston Speeds. 

. A further advantage of my design resultS from 
separating the crosshead and its guide from the 
hot portion of the cylinder, as compared with 
ordinary designs in which the piston per se 
functions as the crosshead. This leads to an 
increased oil efficiency and reduced friction. 
Thus, the limitations imposed on piston speeds by 
cylinder resistance in present designs is not as 
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chamber at the beginning of compression is great in the engine of my invention. Further 

more the separation of the crosshead from the 
piston makes it possible to flood the crosshead 
and guide with oil, and at the same time avoid 
oil pumping by the piston rings into the combus 
tion chamber. .. . 
When the energy available at the piston is ap 

plied to the shaft as a torque acting with a con 
stant lever arm, the power is not only increased, 
but the detonation knocks inherent in present 
designs are largely eliminated. This latter is 
true because in my mechanism the maximum 
lever arm is presented at the time of the explo 
sion, and the piston does not have to drive 
against a dead center at this time as in the or 
dinary motor. My mechanism also eliminates 
piston slap, because the piston is rigid on the 
end of a piston rod which is parallel to the axis 
of the cylinder at all times. 
The relation between the track, the several 

track engaging elements and the pistons at the 
beginning of the various cycles is best illus 
trated in Figures 3 to 6. In Figure 3 the piston 
of cylinder 4 is ready for its intake stroke, the 
piston of cylinder T is ready for its compression 
stroke, and the piston of cylinder 6 is ready for 
its firing stroke, while the piston of cylinder 8 
is ready for its exhaust stroke; rotation of the 
shaft 2 being clockwise. Figure 4 shows the 
shaft and track turned through 90 degrees; 
with the piston of cylinder 4 now ready for its 
compression stroke, the piston of cylinder 7 ready 
for its firing stroke, the piston of cylinder 6 ready 
for its exhaust stroke and the piston 
8 ready for its intake stroke, . . . . . . 

Figure 5 shows the shaft and track turned 

Of cylinder 

through another 90 degrees; with the piston of 
cylinder 4 ready for its firing stroke, the piston 
of cylinder T ready for its exhaust stroke, the 
piston of cylinder 6 ready for its intake stroke 
and the piston of cylinder 8 ready for its com 
pression stroke. Figure 6 shows the shaft and 
track turned through another 90 degrees; with 
the piston of cylinder 4 ready for its exhaust 
stroke, the piston of cylinder 7 ready for its in 
take stroke, the piston of cylinder 6 ready for 
its compression stroke and the piston of cylinder 
8 ready for its firing stroke. . After the shaft and track has turned through 
the last 90 degrees of the revolution the track 
and pistons will be in the position shown in Fig 
ure 3, and ready to repeat the series of cycles. 
It will be noted that the several strokes in the 
four cycles of a given piston are of different 
lengths, and that the firing stroke is materially. 
longer than the compression stroke. This gives 
an expansion ratio greater than the compres 
sion ratio. In the design shown, taken merely 
for the purposes of illustration, the track was 
laid out to accord with strokes of the following 
lengths: - .... 
, V - - - - Inches 

Intake stroke--------------------------- 3:024 
Compression stroke-------------------- 2.592 
Firing stroke-------------------- - 5.076 
Exhaust stroke.------ ------------------- 5.508 
The clearance between the piston and the cyl 

inder head at the innermost limit of the piston 
movement was 0.45 inches. Figure 9 shows dia 
grammatically the above relation. Here, it will 
be observed that the inner limit of the piston 
at the end of the compression stroke is spaced 
432 inches from the inner limit of the piston at 
the beginning of the intake stroke, Thus, the 

3.069 inches long and at the end of compression is 477 inches long, which gives a compression 
ratio of 3,069 divided by .477 or 6.433 to 1. The 
chamber at the beginning of the firing stroke is 
thus 477 inches long while at the end of expan 
Sion is 5.553 inches long, which gives an expan 
sion ratio of 5.553 divided by 477 or 11.751 to 1. 
The increased expansion ratio results in a more. 

complete expansion of the gases during the power 
stroke, and permits the conversion of the lower 
pressures toward the end of the expansion into 
useful work, instead of being exhausted into the 
muffler as in present practice. This not only 
leads to more power and increased efficiency and 
economy, but also the exhaust gases will be at 
lower pressure and temperature. The lower 
pressures reduce the noise of exhaust, and the re 

5. 

duced...temperature will largely eliminate the 
troubles now encountered with exhaust valves. : 

- It is to be noted that the exhaust stroke of 
6.508 inches brings the piston back to the clear 
ance limit of .045 inches, This latter stroke thus 
operates to substantially completely scavenge the 
cylinder of the exhaust gases, which leads to 
better combustion of the succeeding intake gases. 
Furthermore, since the piston in the exhaust 
stroke passes through the center of the combus 
tion chamber, carbon deposit is reduced. . . . . . 

Because of the variation that can be effected 
between the lengths of strokes, the compression 
ratio can be increased above ordinary practice, 

20. 

25. 

30. 

and this will result in an increased output: of . 
energy from the same amount of fuel, and will 
also permit a decrease in the difference in length 
between the power and exhaust strokes in my 

35. 

engine and at the same time scavenge the cylinder 
thoroughly, 
motors the ratio of piston travel during the firing 
stroke to the entire piston travel during the cycle 
is 1 to 4. In my design, above illustrated, this 
ratio is approximately 1 to 3. In present, motors 
the ratio of piston travel during the firing stroke 
to the idle strokes during the cycle is 1 to 3. In 
my design this ratio is approximately 1 to 2. 
Considering the more complete scavengering and 
the increase possible...in compression in the en 
gine of my invention it is easily possble to get as 
much power out of my short intake stroke of 
3.024 inches as in a present type motor with an 
intake stroke in the order of 5,508 inches, both 
engines having the same length of power stroke, 
The design of the track is such that the sev. 

eral operating portions thereof will accord with 
55. slow starting and stopping movements of the 

pistori at the beginning, and end of each stroke. 
The operating portions of the track through the 
idle strokes are preferably uniformly accelerating . 
for half their length and uniformly decelerating 
for the other half; while the operating portion 
in the power stroke is preferably a nearly con 
stant speed curve, being uniformly accelerating 
and decelerating adjacent the ends only. This 
results in a silent operating track. . - . 
The design of the track portion which oper 

ates during the firing stroke is such to permit as 
rapid a start to the piston as is possible and still 
in keeping with silent operation. The rapid 
movement of the piston into its nearly constant 
Speed during this stroke operates to absorb as 

In ordinary internal combustion 

50. 

60. 

65. 

70 
useful work a larger portion of the energy.de. 
rived from combustion than is possible in the or 
dinary motor. This feature conserves a portion 
of the energy which is ordinarily converted into 
radiating heat. As a result, the engine embody. 5, 
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the 18 radii in the fourth quadrant JOA of the 
circle about O, and the final point located on the 
center line of the track will be found to coincide 
With the point B. V ... 

Figure 7 shows a variant form of track and en 
gaging element construction, in which there is 
a single track section 33 on each opposing face 
of the diskS 3. The crosshead shaft 3 in this 
case is journaled in the tubular portions f6 of 
the crosshead, and carries at one end thereof 
a roller 32 engaging a track section 30. The oth 
er end of the crosshead shaft preferably carries a 
crank 33 on which is journaled a roller 34 en 
gaging one side of the other track section. Dis 
posed oppositely of the crank 33 is another crank 
arm 36 fixed on the crosshead. This latter crank 
arm carries a roller 37 engaging the side of the 
track section 38 opposite, the roller 34. In this 
case the piston in the compression, power and 
exhaust Strokes drives against both track sec 
tions through the rollers 32 and 34, and on the 
intake stroke is moved by the action of the roll 
er 3. - 

While I have chosen to show, as the preferred 
form of my invention, a motor in which the four 
cycles are completed in one revolution of the 
shaft being drive), it is understood that the 
track may be designed to complete the four cycles 
in two revolutions of the crank shaft. In this 
case the strokes would be of substantially equal 
length, as in ordinary practice. The advantage 
over the present type of crank shaft motor how 
ever would be the elimination" of crank shaft 
dead Centers, 
tion of the preferred form, in which the four 
cycles are completed in one revolution of the 
shaft being driven, would be to use segments of 
different size instead of equal quadrants in the 
development of the track. Thus by using a 122 
degree Segment for the exhaust, a 113 degree 
segment for the firing stroke, a 67 degree seg 
inent for the intake stroke and a 58 degree seg 

It is also obvious that a modifica 

5 
ment for the compression - stroke, the developed 
track Will accord With strokes of equal length. 
In conclusion, it is pointed out that the engine 

embodying my invention as compared with the 
Ordinary internal combustion motor is of simpler, 
and more compact design with fewer working 
parts; is freer of mechanical troubles and is 
capable of and able to maintain a better me 
chanical balance; and operates With less poW 
er loss in exhaust and heat radiation. At the 
same time, greater power can be secured in my 
engine with less, weight, less vibration and less 

10 

noise of operation. Even with the higher pres 
sures that are possible, the long expansion stroke 
Will operate to expand the gases to close to 
atimospheric pressure, and even at open throtr 
tle the ergine Will require Very little muffing. 
Since the power from the pistons in the pre 

to the driven shaft throughout its entire revolu 
tion, the motor approaches that of a constant 
torque engine; in other words, the power is ap 
plied mOre aS a constant Stream, than as a se 
ries of jerks. This feature combined with the 
nature of the disk drive, which itself acts as a 
fly Wheel . Without an increase in Weight over 
present crank shafts per se, makes the engine 
particularly desirable in airplane work, 

I claim: 
An engine Comprising a shaft, a pair of spaced 

disks mounted on the shaft, a matched pair of 
endle3S track Sections mounted on the disks, an 
elongated casting disposed between the disks and 
alongside the shaft and having a longitudinal 
bore, Oile end of Said bore providing a combus 
tion cylinder, a piston slidable in the cylinder end 

ferred engine embodying my invention is applied 
20 

25 

30 

35 

of the bore, a circular crosshead connected with 
the piston and slidable in the other end of the 
bore, Said casting having longitudinally extend 
ing and Oppositely disposed slots adjacent the 
latter end, a pin in the crosshead projecting 
through the SlotS, and rollers on the pin engag 
ing Said track Sections. 

. WILLIAM. H. STONE, 

40 


