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"1 Claim.

The broad cbject of my. mventlon is to provide
an’ éngine in" which- a ‘greater atmourit of the
ehergy available at thHe piston is ‘converted into
- useful work than is p0551ble in the ordinaty- motor

B of-present design. -

It is among the more spemﬁe objects of my

invention to’ provide an enging in ‘whieh the re«
~ eiprocating motion of the piston is translated into
a rotary motion of the diiven shaft without 1n-

10 oIvmg the ususl crank shaft dead: centers:

-~ Another objectof my invention is to provide an .

engme il which the enérgy availableé 4t the pis-
ton is apphed to the driven shaft as & tordgue act-
ing ‘with & substantially constant lever arm; if-
- stead of a torque acting with-a lever arm which
varies from zmero to the length of the crank
arfii-as in the “usual érank shait “motot:
~ Another-cbject of my invention is to provide an
mternal combustlon engine in which thé piston
strokes may be of different length so thit & mototr
deSIgn ‘may: be effected in which' the expansion
1at10 is greatér than'the compression ratio.
Another object of my invéntion is to provid_e
an engme of ‘the character described ‘which is
25 capable of higher piston speeds with respect: to

—t
(=

2"0"

driven or crank shaft speeds than is possible W1th ,

the ordinary motors of present design.

Another ob;eet of my invention ‘is-to prowde_

Can’ ehgine wh.lch permlts 4 more rapid and com-
plete expansmn of tieé gases under combustion,
so-85 to effect less ICDS of porwer in exha,ust a,nd
radiation. .

Anoth Y obJect of ‘my 1nvent10n is to provide
an’engirie which is‘capable of and able to main-
tain a better mechanical balance than the cramk
shaft type ‘of motor.

St111 a.nother obJeet of my mventlon is to pm-
vide an engine in which the mechanical causes of
piston- slaps and detonatwn knocks are la.rgely
eh'mnated B

A “further object of my mventlon is to prov:de

3

<
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an mternal combustion -engine whose operation

wpproaches that of a consta,nt torque motor.

A still fur ther object of miy: invention is to ac-
comphs‘l the ahove obJects by an’ engme which
is- more ¢ompact in ,Jtmctme hghter in -weight,
poesecseb fewer wo*kmg parts. anid which operates
withless noiseand vibration than the ordlna,ry in-
ternal co*noustlon motor
b Thc in wention possesses other obJects and: fea.—

45

tures of advantage, some of which; with the fore-

going, ‘will be set forth in the’ folluwmg descérip-~

tion of my mventlon It is to be undetstood that

T do miot limit myself to this disclosure of ‘spécies
of my iny vention, as T may adont variant embodi-
mentu thereof within the scope of the clalm :
Peferrmg to the drawings: :
‘Pigure 1 isa vertical sectional v1ew showmg an
engine embodying my-invention; ‘the plane “of

- 55

60

section being taken transversely of the: eren,

(CL %4—55)

shaft and through the center hnes of the two
forward- cyTlnders, exéept atthe heads of the
eylinders where the plane is brought: forward to
the axis of one of the valve shanks.’

Figure 2 is g vertical sectlo’lal view of the sameé
taken'in a plane-passing throtigh the driven shaft
axis-and at right angles to the center hnes of the
two forward' cyhnders shown in‘Figure-1:

LFigures” 3 to. 6 are vertical sectional views,
largely dlagrammatlc takeh in-a plane trans-
yersely of the driven shaft and through the center

5

lines of the two forward cylinders; these:views -

showing the velation between the pistons and ‘the
trask at the beginning of the several strokes.  *

“Figure T is a-transverse-vertical sect1onal view
taken in & plane through the axis of ‘the cylindet,
and illustrates a variant form of track and en~
gaging element construction:

Figure 8 is a dlagrammatlc view showmg the
manney in which the track is- lazd out for the
firing ‘stroke.

Figure 9 is & dlagrammatlc v1ew showmg the
relatlon between the various strokes of a piston.

~“In" terms ‘of broad inclusion, the enginé em-
bodying my invention comprises-a- shaft having
a1 endless track mounted: for rotatlon therewith.
A track-engaging element is provided, and gulde
means. ‘are provided for . limiting movement of
the element along an axis spaced from the shaft
axis, Means aré also- preferaply provided for
Moving the frack-engaging: element; the track
being preferably demgned to accord with' a rec1p-
roca,ting motlon 'of - its engaginig element.: “The
means for® movmg the track—engagmg ‘elemétit
-preferab]y comprises a cyhnder havmg a pistort
working therein; together with means connecting
the track= engagmg element for movement w1th
the piston‘

By this- mechanxsm the rec1procat1ng motlon of
the piston:is translated into ‘a rotary mot1on of -
the shaft without involving the isual crark shaft
dead ‘eenters, and the enhergy- available at the

[

5

40

piston-is applied to the shaft as 4 torque acting °

-with g substaritially constant” lever arm..~ When
the methanism: is mcorporated inan’internal
eombustion engifie  the ‘track is preférably- de-
glgied to accord:with. ‘piston’ strekes of varying
letigths... Preferably the design”is:such that -the
firing “stroke: is longer than compressmn gtroke
to-give an expansmn ratio greater than the coms=
préssion ratio. In a four cycle: engine the track
is: preferably” designed - to- complete the four
oyeles in one revolution of the shaft.

[

0.

In greateér detail, the ‘engine’ embodying iy in- ‘

ventlon i8 descrlbed as a'four’ ¢ycle internal com-
buistién engine iti Which the four ¢yeles are coni+
pleted in oné revolution of the shaft being driven;

gnd in which the strokes of‘a cycle are of differs-

ent lasigths. It is'to beunderstood however that
this particuldr: éntbodiment “of - my ~invention -is

1]
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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 crank shaft.. 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 c¢ylinders, T 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 cylindersin the other
pair. This arrangement of the cylinders is prob-
ably best shown in Figure 1. -

Each cylinder is provided with a piston.8 fixed
on- the end of a connecting rod 1. The outer
end of each rod is connected with a crosshead 12
slidably arranged in the guideways 13. The cross-
head 12 is preferably circular in shape and the
guideways 13 are preferably formed as extensions
of the cylinder walls, the slot-like openings:14
being provided between the guideways to-allow
passage. of projecting portions 16 of the cross-
head. A shaft 1T is mounted in the tubular por-
tions 16 of the crosshead {2 and carries adjacent
the ends thereof a pair of rollers 18 positioned ad-
jacent the opposing surfaces of -the dnving
disks 3.

A third roller 19 is also mounted on the shaft
1T and is positioned alongside the outer roller I8.
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 19-are con-
nected for reciprocation with the piston {9, and
are limited in their movement to a path along an
axis 21 which is spaced from the shaft axis at all
points.

A track is mounted on and dlsposed c1rcumfer-
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 18 -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 I8 are adapted to ride. The track
sections 23 are provided with a recessed -periph-=
eral portion 24 in order to clear the rollers:18.
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 1
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 18 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 19 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 21 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 21
which is fixed with respect to the shaft axis so
that the perpendicular distance between the line
21 and the shaft axis is constant. ,

The cylinder -heads 26 have the usual spring
pressed intake-and exhaust valves 21, 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 fol-
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 eylinder 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
desien 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 beginnmg of eompression s
-3.069 inches long and at the end of compression
is /47T inches long, which gives-a compression-‘

ratio of :3.069 divided by 477 or 6433 to 1. :The
chamber at the beginning of the firing stroke 157 &

great: in ‘the. engine of ‘my invention, Further-
more tie: separation of - tne crosshead from the
piston ‘makes it -possible ‘to flood' the crosshead
and guide with oil, and &t the same time avoid
oil pumping by the piston rings -into’ the combus-
tion chamber,

-'When the enhergy avallable at the piston is ap=
plied to the shaft as & torque acting with a con-
stant lever arm, the power is not only increased,
but the detonation knocks inherent in present
de51gns are largely eliminated. This latter .is
true because in my- ‘mechanism - the. maximurm
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 7 is ready:for its compression
stroke, and the piston cf 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 T ready

for its firing stroke, the piston of cylinder § ready

for its exhaust stroke and the plston of cyhnder
8 ready for its intake stroke.
Figure 5 shows. the shaft and track turned

through another 90 degrees; with the ‘piston of

cylinder 4 ready for its firing stroke, the piston
of cylinder-1 ready for its exhdust stroke,:the
piston of cylinder 6 ready for its. ihtake 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 1 1eady for its in-
take stroke, the piston: . of cylinder 6 ready for
its compression stroke and the plston of eylinder
8 teady for its firing“stroke.

“After the shaft and tiack hasr 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 séries .0f cycles.
It will be noted.that the several strokes. inthe

four cycles of a given piston aie:of different‘
b lengths, and that the:firing stroke is materially.

longer than the compressxon 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: W1th strokes of the followmg
lengths

Inches
Intake stroke ___________________________ 3.024
Compression’ str. oke ______________________ '2.592
Piring stroke_ - ___ . . ol _C 5.078
Exhaust Stroke. ool o LlllianiIililaol 5.508

The clearance between the p1ston and the cyl—
inder head-at the innermost limit: of the plston
movement was 0.45 inches.. Flgure 9 shows dla-
grammatlcally the above relatlon Here it w111
be observed that the inner, hn'ut of the piston
at the end of the compressicn stroke ‘is' spaced
432 inches from the inner limit of the piston at
the beginning 'of the intake: stroke,

Thus; the

3

thus 477 inches long while at the end. of expan-
gion i 5.553 inches long; which gives an.expan-
sion . ratio. of 5.553 divided by 477 or 11.751:fo0.1.

“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
udetul work, instesd of being exhausted into the
mufller ‘as in’present practice. This not’ only
leads to more power and increased emcxency and
gconomy, but also-the exhaust gases will' be at
Iower. pressure = and - temperature. . The " lower
pressures reduce the noise of’ exhaust, and the re=

{1

15

duced -temperature will” largely eliminate: the

‘troubles now encountered with exhaust valves. -

It 4s to be noted that the exhaust stroke of

5 508 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
betweéeii ‘the lengths of strokes; the compression
ratio’ can be increased above ordinary practice;

20 .

2

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 differerice 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 cycleis 1 t0.3." In
my design this ratio is approx1mately 1:to 2.

" Considering the more complete scavengering and

the ‘increase .possible. i 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 & 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
slow- starting and stopping movements of: the
pistorr at the beginning and end of each stroke.

In -ordinary internal combustion -

45

50.

65

The operating portions of the track through the =~

idle strokes are preferably uniformly acecelerating -

for-half their length and uniformly decelerating

~tor the other half; while the" operatin'g portion

in the power stroke is preferably a nearly- ¢on-

stant speed curve, being uniformly accelerating
-and decelerating ‘adjacent the ends 0n1y This

results in a silent operating track.: :
The deslgn 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

tived from combustion thah is possible in:the or-

60.

5

70

“useful work a larger portion of the energy.de-.:

dinary motor. - This feature conserves a portion

of.the energy whieh is ordinarily converted: into
radiating heat. As a regult; the engine embody~

5.
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4 _
ing ‘my mvention is more efficient: in ‘this: respect
and radiates less heat to:the cooling system.
. ~The method of laying out the track is illustrat-
ed'in Figure 8, which shows the operating portion
of the ‘track associated :with the firing stroke:
This track portion:is laid out to.accord with a
firing stroke 5.076 inches long;-and with the cen-
ter line or axis of motion-2{ :0of the track en-
gaging element spaced 4 inches from.the axis of
the:shaft 2; this 4 inches being:measured on:the
perpendicular-from the line 21:to the shaft axis. ;-
Referring to Figure 8, the point-O represents.the
axis of .the-shaft 2. Using O’as a:center a quad-
rant AOG of a circle is described:on-a 4 inch ra-
dius starting from a point A vertically.above:the
point O.- This quadrant is then divided:into-.18
equal sectors; viz., 18 radii are drawn 5 degrees
apart.. Tangents. are then . drawn: to thecircle
at'the intersection of the radii; these tangents.ex-
tending upwardly and to the right, as shown.. A
tangent is also drawn to the circle at the point'A;
this tangent extending to the right toward point
C. A point B is then located: on the line AC pref-
erably 1% inches to the right of: point A. - .-
~-From B toward -C- a distance is. then laid. oﬁ
5 076 -inches long; this being the length-of ‘the
firing - stroke... Let the. point C.indicate .the end
of this. disfance, so:that the line BC represents
the length. of the firing stroke. The line BC -is
then divided into.-18 parts, corresponding to:the
18 divisions of the circle-quadrant. The divisions
of . .the line BC .will vary -depending upon-the
motion characterizing the:piston.. For the firing
stroke, as' has already been -mentioned, this:is
preferably uniformly accelerated:at the. begin-
ning, then substantially constant for the.greater
portion: of the stroke, and finally uniformly de=
celerating near-the end.: For example; the divi:
sions chosen: in the design shown herein :are as

follows; the divisions or portions of length belngA : : ‘

glven in mches

“ 437
.08

. 875
196

.812
.253

+7062

. o125
437

. 437

187
437

2250

437 437
-437 :

. 140 |-~ 084

_ After these divisions have been laid out along
the line BC, laying off from ‘B toward C.and .in

the -above order,-as :shown in. Figure 8, an arc..

with a radius from- O to the first:division at.:the
right of B is scribed to-intersect the first tangent
line to the left of :A. 'This locates the second
point along the curve which is to define the cen=
ter line: of the track; -the.first point located of
course-being: the point B..:'Next an arc ‘from
the point O to the second division to the right of
B is scribed to intersect the second tangent-line
to the:left of A. 'This locates the third point on
the curve.

Other points: are slmllarly located on the tan—
gents until- finally the arc OC has.been scribed
to intersect-the tangent line from the last radius
of the quadrant.—This completes the: center line
curve of the track for the firing stroke. - In order
to locate the edge portions -of the track; citcles
are described .about the located points as .cen-

" ters; these:circles having:radii equal to the radius

of the track engaging rollers. Lines drawn. tan=
gent to. the outer edges of these circles deﬁne the
inner edges of the track: B

The other operating portions. of the track are

-developed:in & manner similar -to.that for .the

firing stroke, above described. .-In: the- case. of
the -other or idle :strokes: however:the motion
of -the piston is preferably uniformly accelerating

" for half of its movement and then uniformly ‘de-

2,006,372

celerating for the:other half, .For example, take
the next operating. portion of the.track; which

- happens to.be'that portion:operating through the

exhaust stroke. . Beginning: at the point C a dis=

tance is laid off toward A 5.508:inches long, or the .

length of the exhaust stroke. -This-will:end up
at.some-point; say at D.: The- line CD :is then
divided into portions; of_ which the first portion is
162
of the total Iength of the stroke the second is

3
162

of the total length the thlrd 1s
ST
162 o

of the total length, etc. In other words lengths
of the portions aré:

I@‘XS.SO&

><5 5085

3 .
67 5508 + - 162

~_,162X5 508

. EXS 508;

'—XS 508

162

. 162X5 1508, -

1—6‘§X5.50_8-, .

The:.‘follon‘ring giires the 18 divisions 1n inches;‘ .

. 578
. 034

510 |.
2102

442
1 70

374
.238

2306,
-306

. 238
374

034 ' 170 '
La78

.102
.510

These portlons are laid out on the tangents to
the 18 radii in the next quadrant GOH of the
circle, as was . done in developing the prevmus
track portion.”

“The next succeedmg operatmg portion of the
track which is for the intake stroke, is laid out in
a similar manner. In this case the length of the
intake stroke. (3.024 inches). is laid off toward
(o3 from the point D, and will terminate at some

- point, say at E. The line DE is then divided for

umformly acceleratmg and uniformly decelerat-

mg motion, as was the exhaust stroke. The d1v1-'

s1ons in mches work. out as follows ‘

243
<003

169
169

093
‘243

056
280

',.018

. -.130
.'317

. 206

206 |
+130

.817

280 ‘
Clos

.‘ 056

These d1v1510ns are laid off on tangents drawn
to the 18 radii in the third quadrant HOJ on the
circle, as in the previous cases. =

The portion of the track for the compression
stroke is similarly developed. In this case a dis-
tance is'laid off from the point E toward A equal
£0.2.592 inches or the length of the" compression
stroke. ~ This will be found to terminate at the
pomt B. The line EB is then divided into portions
to give uniformly acceleratlng and'uniférmly de-
célerating motion as in' the other idling strokes.

The d1v1510ns in inches work out as follows:
Lot6 {048 080 c112 | 144 [ U176 | L208-| L240 | 272
272|240 .176:| (144 | 112 | 080 | .048 | :016

Thesekﬁvisions are laid off on the tangents to

'10,
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40.
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65:




10

2,006,372

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.

* Pigure 7 shows a variant form of track and en-
gaging element constriction, in which there is
g single track section §8 on each opposing face
of the disks 8. 'The crosshead shaft 8! in- this
case is journaled in the tubular portions (6 of
the crosshead, and carries at one end thereof

o roller 82 engaging a track section 80. The oth-

er end of the crosshead shaft preféerably carries a

- crank "3 on which is journaled a roller 34 en-

15

20

25

30

40

gaging one side of the other track section. Dis-
posed opbositely of the crank 23 is another crank
arm 38 fixed on the crosshead. This latter crank
arm carries a roller 37 engaging the side of the
track section 38 opposite-the roller 84. In this
case the piston in the compression, power and
exhaust strokss drives against both track sec-
tions through the rollers 32 and 34, and on- the
intake strokﬂ is-moved by the actmn of the roll—
er 31.

While I -have chosen to show, as ’che preferred

form of my invention, a motor in which the four

cycles are completed in one revolution of the
shaft being driven, 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 erank 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-
ment for the intake stroke and a 58 degree seg-

Tt 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-
chgnical 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

atmospheric pressure, and .even at open throt--

tle the engine will require very little muffling.
Since the power from the pistons in the pre-

15

ferred engine embodying my invention is applied

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
endless track sections mounted on the disks, an
elongated casting disposed between the disks-and

20

25

30

alongside the shaft-and having a longitudinal

bore, cne end of said bore providing a combus-
tion cylinder; a piston slidable in the cylinder end

35

of the bore, a circular crosshead connected with k

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—
1ng sald track sections.

WILLIAM H. STONE.
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