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1. 

My invention relates to reciprocating piston en 
gines of the internal combustion type, and more 
particularly to Such engines employing drive con 
nections between the pistons and power shaft 
Which afford constant mechanical advantage in 
all positions of each piston lengthwise of its cylin 
der. 
In conventional engines incorporating pistons 

reciprocating in cylinders, the pistons are con 
nected positively to a crank Shaft by connecting 
rods Secured to crank arms of Such shaft. Where 
Such mechanism is employed, however, the lever 
arm of the force acting on the piston, and trans 
mitted through the connecting rod to the crank 
shaft, varies. When the piston is at the top of 
its cylinder the effective lever arm is Zero, and in 
creases to a maximum when the crank shaft has 
rotated through approximately 90 degrees from 
the top position of the piston. 
My invention is concerned particularly With 

mechanism which will afford a constant lever-arm 
at which the piston force is applied to the power 
Shaft. The type of mechanism which I prefer 
employs a rack bar for each piston engageable 
With a gear arranged to drive the power shaft. 
One difficulty in mechanisms of this general type 
which have been proposed previously, when ap 
plied to a multicylinder engine, was to coordinate 
properly the movement of the various pistons 
lelative to each other and to the power Shaft. 
In the case of a single cylinder engine the prob 
lem arose of insuring that the piston would al 
Ways follow through its complete. Operating cycle. 
Aprincipal object of my invention, therefore, 

is the provision of novel coordinating mechanism 
capable of Synchronizing the rotation of a power 
shaft with the reciprocation of one or more pis 
tons of an internal combustion engine, to Supply 
a, force for rotating the power shaft. For accom 
plishing this object. I provide simple and effective 
mechanism composed of few parts which are ar 
ranged compactly and which function reliably 
and effectively. 

It is a further object of my invention to improve 
and to simplify the drive. connection between the 
power shaft. and the Several; pistons of a multi 
Cylinder engine, and in addition to include Safety 
features which will reduce the possibility. Of...en 
gine failure. 
.Additional advantages of my engine which are 

inherent in the particular type of construction 
which I now prefer will be pointed out in the foll 
lowing description of a representative installa 
tion. It is to be understood, of course, that de 
tails. Of-the features...shown in-the-accompanying 
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2 
drawings and described hereafter may be varied 
to suit the preference of different designers, in 
accordance with the general principles of my in 
vention. 

Figure is a vertical Sectional view taken trans 
Versely through a representative form of engine, 
along line -l of Figure 2, and Figure 2 is a 
vertical Sectional view taken longitudinally 
through the engine, online 2-2 of Figure 1. 

Figure 3 is a horizontal sectional view through 
the engine.online 3-3 of Figure 1. 

Figure 4 is a plan view of a cam drum consti 
tuting an element of the coordinating mechanism, 
and Figure 5 is a fragmentary sectional view 
through a portion of Such cam drum and parts 
cooperating with it. 
AS has beenpointed out above, my invention is 

concerned particularly with mechanism for co 
ordinating the rotation of a power shaft with the 
reciprocatory movement of one or more internal 
combustion engine pistons. It will be understood, 
therefore, that the piston and cylinder construc 
tion and arrangement may be conventional, and 
the drawing merely shows generally a represen 
tative, type of engine in which my mechanism is 
incorporated. It is preferred, however, that the 
cylinders bearranged inline rather than radially. 
A typical engine.may include an engine block, 

defining cylinders 0, in which pistons f l recip 
rocate according to conventional practice. In an 
Lhead type of engine Valves. 2, controlling in 
take and exhaust, ports communicating With the 
cylinders 0, are operated by camson a cam Shaft 
3 in the usual way. In an engine in which each 
piston is connected positively to a crank arm on 
the crankshaft by a connecting rod, it is manda 
tory that the crankshaft.make a complete revo 
lution each time, a piston moves through an out 
ward and inward stroke, or one-half a revolution 
for each piston stroke. Especially with high Speed 
engines, it is therefore usually necessary to inter 
pose...speed reduction gearing between the crank 
shaft. and the load, which decreases. the overall 
efficiency of the installation to some extent. 

In an engine incorporating my mechanism a 
connecting rack 2. replaces the usual connecting 
rod and meshes with a gear 20 carried by the 
power shaft 4. As each connecting rack is driven 
downward by a force applied to its piston, it will 
rotate suchgear in the same direction as shaft 4 
rotates, and at...the. Same peripheral Speed as the 
linear piston speed. It will be-evident, therefore, 
that the speed at which the power shaft. is thus 
rotated, as compared to the piston-Speed, will be 
a direct, function of the size of gear 20. For a 
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given piston speed the larger the gear the slower 
will the power shaft A be rotated, So that the de 
sired Speed ratio may be obtained by Selecting 
a gear 20 of proper size. 

In the particular mechanism illustrated the 
Stroke of connecting racks 2 is equal to one-quar 
ter of the effective circumference of gears 20, SO 
that each piston must make four strokes, two in 
Ward and two outward, for each complete revolu 
tion of shaft f4. Considered differently, the shaft lo 
turns one-quarter of a revolution for each piston 
Stroke, half as much as in the conventional en 
gine. During each rotation of the power shaft, 
therefore, each piston f l executes one power 
stroke, assuming the engine to be of the four 
stroke cycle type. Consequently if camshaft 3 
has a single cam to actuate each valve rod it 
WOuld be necessary for Such shaft to be rotated at 
the same speed as the power shaft 4. For this 
purpose the camshaft may be driven by a sprocket 
5 Connected by a chain 6 to a sprocket 7 mount 

ed on the power shaft. Such sprockets would, of 
course, be of equal size to effect rotation of the 
can and power Shafts at the same speed. 
Each connecting rack 2 is held constantly in 

mesh with its gear 20 by a backing roller 2', as 
shown in Figures 1 and 3. Piston f is relieved of 
all tilting load transversely of the power shaft 4 
by connecting the rack to it by a conventional 
Wrist pin 8. This type of connection also guards 
against Subjecting the connecting rack to bend 
ing loads, except those which are incidental to 
the compression stress in the rack. 

Because each connecting rack 2 is thus main 
tained constantly in mesh with its drive gear 20, 
such gear must be oscillatable although power 
shaft 4 rotates unidirectionally. Each drive gear 
is therefore operatively connected to the shaft by 
a ratchet or overrunning clutch, or free-wheeling 
unit, 2 of any suitable type. Such unidirectional 
drive unit effects a driving connection with the 
shaft as its gear 20 is rotated by downward re 
ciprocation of the associated connecting rack, 
whereas the shaft can overrun such gear, and it 
can be rotated in the direction opposite to the 
shaft's rotation as the connecting rack meshing 
With it moves upwardly, without retarding ap 
preciably the rotative speed of the power shaft. 
Since Various types of Such unidirectional drive or 
Overrunning clutch units suitable for this pur 
pose are well known, it is not necessary to illus 
trate or describe such a unit in detail. 
While each connecting rack 2 may be formed 

independently of all other such racks, either 
the bearing of the wrist pins 8 in the pistons and, 
tn turn, the fit of the pistons in their cylinders, or 
Special guide mechanism, would be relied upon to 
maintain the racks in proper registry with their 
coacting gears 20 lengthwise of the power shaft, 
I prefer that adjacent connecting racks be inter 
Connected in pairs by rack webs or plates 22. The 
upper edge of each such plate is notched between 
the racks of its pair to receive the lower edges of 
the adjacent walls of the cylinders in which such 
racks, thus interconnected, reciprocate. Each 
plate insures that its racks and the two pistons 
connected to them will reciprocate precisely in 
unison. 
While the power impulses on the two connecting 

racks of each plate 22 will occur alternately, the 
combined guiding action of the two pistons and 
their wrist pins will prevent any appreciable tend 
ency of the plate to tilt edgewise. Moreover each 
connecting rack is located precisely in align 
ment with the center of its piston, so that the 
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thrust force of the piston is transmitted directly 
to its drive gear 2). The Only tendency of the 
rack plate 22 to tilt, therefore, would result from 
the drag of the piston moved downward on the in 
take stroke. A further advantage of such inte 
gration of adjacent connecting racks resides in 
the alternate emergency connection between each 
piston and the power shaft thus afforded. If 
the overrunning clutch unit of one gear 20 should 
fail to operate properly, the thrust of the connect 
ing rack meshing With it would be transmitted 
through plate 22 and the paired connecting rack 
integral with such plate to its gear 20. 
On the compression stroke of an internal con 

bustion engine piston considerable resistance to 
its movement occurs especially near the end of 
the stroke. When Such a piston is positively 
Secured by a connecting rod to the engine crank 
Shaft, Such crank shaft Supplies power through 
the connecting rod to the piston to effect Such 
CompreSSion. Since, in an engine incorporating 
my mechanism gears 20 rotate opposite to the di 
rection of power Shaft rotation during compres 
Sion movement of each piston, however, the driv 
ing force required for Such stroke can not be 
transmitted from the power shaft to the several 
connecting racks 2 directly through the over 
running clutch units 2 and their gears 22. 
In my engine most of the force required to effect 

the compression stroke of each piston is trans 
mitted to its connecting rack from a piston moving 
in its power stroke even more directly than in the 
conventional engine. In a four-stroke cycle in 
ternal combustion engine having four cylinders, 
such as illustrated in the drawings, two paired 
pistons, interconnected through the plate 22 
Carrying their connecting racks, are always mov 
ing in Wardly on the exhaust and compression 
strokes, respectively, while the other two pistons, 
similarly interconnected, are moving outwardly 
on their Suction and power strokes, respectively. 
The power developed by the piston moving out 
Wardly on the power stroke may be transmitted to 

45 

50 

55 

60 

65 

O 

75 

the inwardly moving piston on the compression 
stroke by directly interconnecting the two rack 
plates 22 to effect their conjoint movement in op 
posite directions. 
The connection between plates 22 may be a co 

Ordinating gear 23 meshing with racks 24 formed 
On or secured to the adjacent edges of the two 
plates 22, and secured on shaft 25 journaled in 
a stationary bearing 26, as shown best in Figure 2. 
AS one of the pistons at the right of Figure 2 is 
driven downward on its power stroke part of the 
thrust developed by it will be transmitted through 
the two racks 24 and the gear 23 meshing with 
them to drive upward at a corresponding rate the 
two pistons at the left of Figure 2, one of which 
will be executing its compression stroke. 

It may at first be thought that no other inter 
connection between the oppositely moving pis 
tons than that afforded by gear 23 and racks 24 
would be required. Actually, however, in an 
efficiently operating engine the force necessary 
to complete the compression stroke of one piston 
exceeds that normally delivered at the same time 
by another piston near the end of its power stroke. 
While it is probable that the mass of the pistons, 
connecting racks, and rack plates 22 would usu 
ally afford Sufficient momentum to complete the 
stroke of the piston moving to compress a new 
charge, despite the ability of shaft 4 to over 
run the connecting racks, it is not safe to rely 
upon such operation. 
To insure coordination of piston movement 



268.36 
5 

with continual rotation of the power shafts. A 
Iprovide emergency idrive mechanism in the 
form of a Supplemental drive between the power 
shaft:;and the scoordinating gear 23. A control 
gear 27 issSecured on the end of shaft;25rremote : 
from::gear:23 and meshes with a controlack.28. 
This rack is 'idisposed parallel to power shaft 
4 and reciprocates lengthwise of such shaft, 
being guided for such movement by channels, 
which embrace opposite ends: of theraek, formed 
in "fixed guide brackets :29:supported from the 
engine casing: as shown in gFigure 1. Recipro 
cation of the rack by the 3power 'shaft:Eaay be 
effected by any of several types of mechanism, 
but: the cam-drum:3-secured zon a controls shaft 
30," which in turn is geared positively; to shaft 
sk, has decided:;advantages. 
iRack: 283 necessarily reciprocates in synchro 
nism with the pistons; f, so that, like each piston, 
this racksmust complete tWotstrokes in seach idi 
rection":while'sshaft at amakes a single complete 
;Fevolution, where the effective flength of reach 
connecting: rack:2;is equalito one-quarter of the 
eircumference of the gear;20. To effect stchrack 
movement the can drum 3 may have in it a 
single,3Substantially helical returns groove: 3, or 
equivalent surface, extending:lengthwise of the 
drum overagdistance':equal to thesisteoke of rack 
28. If coordinating gear 23 and control gear 2 
are; of:equal-size the strokes of the grack, and con- 3 
sequently the effective length of the cam drum, 
must be equal to the length of thie: pistonistroke. 
The stroke of rack:28 may, of course, be altered 
to any degree desired by changing the relative 
sizes of: gears: 23 and 22. The calmadranggroove 3. 
;3f; receivesia, follower pin;or roller332 projecting 
downward from the bottom of the control3Eack 
28. Preferably the camodrum is:located, directly 
ibeneath control-gear 27, assshown:iniFigures 1 
"and 2 so that the forces will be:transmitted atost 
directly between the drum;and gear. 
it i. Will be evident that if the: drum 33 ha,Sain 

it a "cam: grooves making...only: a*single-axial pass 
and return-aboutitsientire: circumference, it'Will 
reciprocate control rack 28, once in each direction 
iduring a single revolution, whereas powers shaft 
fa-rotates only one:half a revolution during Srch 
track movement. The driven gear 333; carried by 
control-shaft. 3) therefore must be: oily-oriehalf 
as large as the driving 5 gear 34 meshing with it 
and-carried by shaft - 4. This gearratio mist, 
of 'course, be governed by the relationship be 
-tween the piston-stroke and the rotation of the 
'shaft f4 as determined by the ssize of gears 420, 
the relative sizes of gears 33 and 344 being:such 
"as "to effect one-half a “revolution of sshaft 3) 
for each piston stroke. If the 'cam groove 3 
makes more than one pass axially of drum 3 
around its 'circumference the rotative *Speed of 
the drum must be reduced correspondingly. 

It is evident that pistons if "cannot *move sat 
the samerate of speed at all-times, because their 
direction of movement: must reverse at the end 
of each stroke. In order to "titilize the force on 
the piston moving through the power stroke to 
the best advantage, it is desirable for such piston 
to reciprocate sufficiently rapidly so that it will 
apply a torque to shaft F4 as early in its stroke 
as is consistent with the avoidance of excessive 
accelerations in the Working parts. Because of 
the interconnection of rack plates 22 by coordi 
nating gear-23 the reversal of movement of all 
the pistons must occur in the same period of time. 
The contour of the 'cam groove 3 son drum 3 

'should-conform to the type of piston movemerit 
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idesired. At the beginning of the downwardstroke 
thei-piston Will be accelerating, and if the cam 
groove 3 corresponds exactly to the movement 
of the spiston. When correlated with rotation of 
power shaft 4, it would be possible for the 
piston to drive the power shaft through the con 
trol mechanism, including gear 27, control rack 
28, can drum 3, control shaft 30, and gears 33 
and 34, instead of through the connecting rack 
2 of the piston.moving through its powersstroke. 
In order to avoid any possibility of this opera 
tion, excepti possibly in the case of emergeney, 
the 'cam agroove 3 'Imay be relieved-slightly at 
each end, as:indicated at 35. 
The 'can-groove should, of course, be of true 

helical shape:Over the major portion of its length, 
So"that "the piston working on its power stroke 
Will.i.drive its gear 20 at a rotative speed equal 
to that...ofsshaft fa. Adir cent to each end of the 

2) can drum, however;such groove should be shaped 

it) 
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to allow the pistons to slow down while reversing 
their movement, and while accelerating again 
at the beginning of their travel in the opposite 
direction. Nevertheless the cam groove should 
be able...to contact: the follower...projection for the 
purpose: Óf driving the pistons to the rend of their 
strokes, if necessary, particularly to counteract 
the resisting force-created on the piston moving 
through its compression stroke. 
Assuming that the left piston, shown in Fig 

lure 2. is beginning its power stroke, it would drive 
the left, connecting rack 2' downward to rotate:its 
overrunning clutch 2, and consequently shaft;4, 
in a clockwise direction, as indicated in Figure 1. 
Similtaneously the two pistons at the right: Would 
be driven upward-by the rotation of coordinating 
gear-23 in the counterclockwise direction, asseen 
in 'Figure 2. Also control gear 27, rotating con 
jointly with gear:23, would shift control rack:28 
to the right in Figure 2 to move its cam; follower 
32 along the campgroove 3 of drum 3, in syn 
chronism with rotation of, such drum by gears 
33 and 34. 
As the resistance to upward Inovement of aspis 

ton at the right of Figure 2 jri creases because:of 
the increasingly greater force required to com 
press the fresh - charge after the exhaust port 
of the cylinder at the extreme left has: opened, so 
that little further propulsive effort is produced, 
the Speed df the pistons' travel will decrease and 
shaft $4 will overrangears320 at the left in Fig 
ure 2. If this tendency of the pistons to decel 
erate is greater than permitted by the contour 
of the cam groove 3 in drum 3, this drum, tro 
tated by shaft f4 through gearing 33, 34, will 
exert a pressure. On the follower of rack; 28:tend 
ing to accelerate' its lengthwise movement. This 
force will be transmitted; through gears 27 and 
23 to racks'24 for supplying the power: deficiency 
necessary to complete the compression of the new 
charge and to drive the pistons to the end of 
their respective strokes. 
As illustrated in the drawing, the engine is 

preferably constructed so that the entire power 
Shaft assembly, including gears 293 and ... clutches 
'?' may be removed as a unit, and similarly shaft 
30 and its "cam drum3 can be lifted out of the 
engine: case as a Single 'assembly. It will be un 
derstood that "various conventional engine .de 
tails, which would be the same in an engine in 
corporating my mechanism described above ass: in 
other engines, have not been illustrated ... or .de 
Scribed. 

E chairmas my invention: 
il. In an eragine having aa plurality of pistoris 
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reciprocable in cylinders arranged in a row with 
their axes parallel, a plurality of connecting 
members secured, respectively, to the engine pis 
tons, a power shaft, a plurality of rotative men 
bers carried thereby and engaged, respectively, 
with said connecting members, a plurality of 
overrunning clutches interposed between Said 
power shaft and said rotative members, respec 
tively, operable to effect rotation of said power 
shaft by rotation of said rotative members only 
in one direction, and a plate disposed substan 
tially parallel to said power shaft and intercon 
necting two of said connecting members disposed 
in adjacent relationship to reciprocate in unison. 

2. In an engine having a plurality of pistons 
reciprocable in cylinders arranged in a row With 
their axes parallel, a plurality of connecting racks 
secured to and aligned with the respective engine 
pistons, a power shaft, a plurality of gears car 
ried thereby and meshing, respectively, With said 
connecting racks, a plurality of overrunning 
clutches interposed between said power shaft and 
said gears, respectively, operable to effect rota 
tion of said power shaft by rotation of Said gears 
only in one direction, and a rack plate disposed 
parallel to said power shaft and interconnecting 
two of said connecting racks disposed in adjacen 
relationship to reciprocate in unison. 

3. In an engine having a plurality of pistons 
reciprocable in cylinders arranged in a row With 
their axes parallel, a plurality of connecting 
members secured, respectively, to the engine pis 
tons, a power shaft, a plurality of rotative men 
bers carried thereby and engaged, respectively, 
with said connecting members, a plurality of 
overrunning clutches interposed between Said 
power shaft, and said rotative members, respec 
tively, operable to effect rotation of said power 
shaft by rotation of said rotative members only 
in one direction, a plate disposed substantially 
parallel to said power shaft and interconnecting 
two of said connecting members disposed in ad 
jacent relationship to reciprocate in unison, a. 
second plate disposed substantially parallel to 
said power shaft and interconnecting tWo other 
of said connecting members disposed in adjacent 
relationship to reciprocate in unison, and coordi 
nating means rotative about an axis disposed sub 
stantially perpendicular to said plates, interCon 
necting said two plates and operable to Coordi 
nate conjoint movement thereof in opposite direc 
tions. 

4. In an engine having a plurality of pistons 
reciprocable in cylinders arranged in a row With 
their axes parallel, a plurality of connecting racks 
secured to and aligned with the respective engine 
pistons, a power shaft, a plurality of gears carried 
thereby and meshing, respectively, with said con 
necting racks, a plurality of overrunning clutches 
interposed between said power shaft and said 
gears, respectively, operable to effect rotation of 
said power shaft by rotation of Said gears Only in 
one direction, a rack plate disposed parallel to 
said power shaft and interconnecting two of said 
connecting racks disposed in adjacent relation 
ship to reciprocate in unison, a second rack plate 
disposed parallel to said power shaft and inter 
connecting two other of said connecting racks 
disposed in adjacent relationship to reciprocate 
in unison, and located substantially coplanar with 
and adjacent to said first rack plate, edge racks 
carried by the adjacent edges of said rack plates, 
and a coordinating gear rotative about an axis 
disposed perpendicular to said rack plates, inter 
posed between and meshing With said rack plate 
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8 
edge racks and operable to coordinate conjoint 
movement of Said rack plates in opposite direc 
tions. 

5. In an engine having a plurality of pistons 
reciprocable in cylinders arranged in a row with 
their axes parallel, a plurality of connecting mem 
bers Secured, respectively, to the engine pistons, 
a power shaft, a plurality of rotative members 
carried thereby and engaged, respectively, With 
said connecting members, a plurality of overrun 
ning clutches interposed between said power 
shaft and said rotative members, respectively, 
operable to effect rotation of said power shaft by 
rotation of said rotative members only in one di 
rection, plate means interconnecting two of said 
connecting members disposed in adjacent rela 
tionship to reciprocate in unison, second plate 
means interconnecting two other of said connect 
ing members disposed in adjacent relationship to 
reciprocate in unison, coordinating means inter 
connecting said two plate means and operable to 
coordinate conjoint movement thereof in opposite 
directions, and control means separate from said 
Overrunning clutches and operatively intercon 
necting said coordinating means and said power 
shaft for Synchronizing movement of said coor 
dinating means, and consequently of said con 
necting members, with rotation of said power 
shaft at all times. 

6. In an engine having a plurality of pistons 
reciprocable in cylinders, a plurality of connect 
ing racks Secured, respectively, to the engine pis 
tons, a power shaft, a plurality of gears carried 
thereby and meshing, respectively, with said con 
necting racks, a plurality of overrunning clutches 
interposed between said power shaft and said 
gears, respectively, operable to effect rotation of 
Said power shaft by rotation of said gears only 
in One direction, a rack plate interconnecting two 
of Said connecting racks disposed in adjacent re 
lationship to reciprocate in unison, a second rack 
plate interconnecting two other of said connect. 
ing racks disposed in adjacent relationship to re 
ciprocate in unison, and located substantially co 
planar with and adjacent to said first rack plate, 
edge racks carried by the adjacent edges of said 
rack plates, a coordinating gear interposed be 
tween and meshing with said rack plate edge 
racks and operable to coordinate conjoint move 
ment of said rack plates in opposite directions, 
means Operatively connected to said coordinating 
gear to move therewith, means driven by said 
power shaft and rotatable therewith, and cam 
means Operatively interconnecting said last two 
means and Operable to synchronize movement 
thereof, and consequently to synchronize recipro 
cation of said connecting racks with rotation of 
said power shaft at all times. 

7. In an engine having a plurality of pistons 
reciprocable in cylinders, a plurality of connect 
ing racks Secured, respectively, to the engine pis 
tons, a power shaft, a plurality of gears carried 
thereby and meshing, respectively, with said con 
necting racks, a plurality of overrunning clutches 
interposed between said power shaft and said 
gears, respectively, operable to effect rotation of 
said power shaft by rotation of said gears only in 
One direction, a rack plate interconnecting two 
of Said connecting racks disposed in adjacent re 
lationship to reciprocate in unison, a second rack 
plate interconnecting two other of said connecting 
racks disposed in adjacent relationship to recipro 
cate in unison, and located substantially coplanar 
With and adjacent to said first rack plate, edge 
racks carried by the adjacent edges of said rack 
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plates, a coordinating gear interposed between 
and meshing With Said rack plate edge racks 
and operable to coordinate conjoint movement of 
said rack plates in opposite directions, a control 
gear rotatable with Said coordinating gear, a con 
&rol rack meshing with said control gear and dis 
posed generally parallel to Said power shaft, a 
Control shaft also disposed generally parallel to 
Said power shaft, gearing interconnecting Said 
control shaft and said power Shaft to effect con 
joint rotation thereof, a can drum carried by and 
rotatable with said control shaft, and cam fol 
lower means carried by said control rack, engage 
able with said cam drum for Synchronizing re 
ciprocation of Said controi rack, and consequently 
of Said connecting racks, with rotation of said 
power shaft at all timeS. 

8. In an engine having a piston reciprocable in 
a cylinder, a power Shaft, connecting means Se 
cured to such piston, unidirectional drive means 
interengaged between Said connecting means and 
said power shaft, and operable to rotate Said 
shaft by movement of Said connecting means in 
one direction but inoperative to rotate said shaft 
by movement of said connecting means in the 
opposite direction, and control means Separate 
from said unidirectional drive means operatively 
connecting said connecting means and Said power 
shaft for Synchronizing movement of Said con 
necting means with rotation of Said power shaft ; 
at all times. 

9. In an engine having a piston reciprocable 
in a cylinder, a power shaft, connecting means Se 
cured to such piston, unidirectional drive means 
interengaged between said connecting means and 
said power shaft, and operable to rotate Said shaft 
by movement of said connecting means in one 
direction but inoperative to rotate Said shaft by 
movement of said connecting means in the oppo 
site direction, and control means including a 
member operatively connected to Said connecting 
means to move in Synchronism therewith at all 
times, a member operatively connected to said 
power shaft to move in Synchronism therewith at 
all times, and cam means operatively intercon 
necting said tWO members for Synchronizing 
movement thereof at all times, and thereby Syn 
chronizing movement of Said connecting means 
With rotation of said power shaft. 

10. In an engine having a piston reciprocable 
in a cylinder, a power shaft, connecting means 
Secured to such piston, unidirectional drive means 
interengaged between said connecting means and 
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said power shaft, and operable to rotate said 
shaft by movement of said connecting means in 
one direction but inoperative to rotate Said shaft 
by movement of said connecting means in the 
opposite direction, a control shaft, drive means 
interconnecting said power shaft and said control 
shaft to drive the latter by rotation of the former, 
a cam drum secured to said control shaft for ro 
tation thereby, a follower engaged with said can 
drum and reciprocated by rotation of said cam 
drum, and means interconnecting Said follower 
and said connecting means and operable to Syn 
chronize reciprocation of said connecting means 
With movement of Said follower, and conse 
quently with rotation of said power shaft. 

11. In an engine having a piston reciprocable 
in a cylinder, a power shaft, connecting means 
secured to such piston, unidirectional drive means 
interengaged between said connecting means and 
said power shaft, and operable to rotate Said shaft 
by movement of said connecting means in one 
direction but inoperative to rotate said shaft by 
movement of said connecting means in the op 
posite direction, a control shaft disposed parallel 
to said power shaft, drive means interconnecting 
said power shaft and said control shaft to drive 
the latter by rotation of the former, a can drum 
having a cam groove therein and Secured to said 
control shaft for rotation thereby, a rack dis 
posed parallel to said control shaft and having a 
follower engaged with said cam drum to effect re 
ciprocation of said rack by rotation of said cam 
drum, and means interconnecting said rack and 
said connecting means and operable to Synchro 
nize reciprocation of said connecting means with 
reciprocation of said rack, and consequently with 
rotation of said power shaft. 

WILLIAM N. WRIGHT. 
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