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My invention rélates 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 conventiondl engines incorporating pistons
reciprocating in cylinders, the pistons are con-
nected positivély 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 foree 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
2t which the piston force is applied to the power
shaft. The type of mechanism which I .prefer
employs .a rack bhar for each piston-engageable
with a gear arranged to drive the power shaft.
Cne difficulty in mechanisms of this.general fype
which have been proposed previously, when ap-
plied to-a multicylinder engine, was o coordinate
properly the .movement of .the various pistons
rélative to each other.and fo 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.

A principal . 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
end effectively.

"Ttis a further object of.my invention to.improve
and 4o simplify the drive.connection between the
povrer shaft.and the several:pistons.of .a. multi-
cviinder 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.T now prefer-will.be pointed .out in the.fol-
lowing description of a representative installa-
tion. It is to be understood,.of .course, .that de-
tails.of -the features.shown.in.fhe.accompanying
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2
drawings .and described hereafter may .be varied
to suit the preference of different designers, in
accorflance with the general principles of my in-
verition.

Figure:lis a verticdl sectional view taken trans-
versely through a representative form of engine,
glong line 1—I1 of Figure 2, and Figure 2 is a
vertical secticnal view taken longitudinally
through the engine, on line 2—2 of Figure 1.

“Figure 3 is a. horizontal sectional view through

* the engine.on lihe 3—3 of Figure 1.

“Figure 4is 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
cogperating with if.

As has'been .pointed 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
incorpordted. “It.is preferred, however, that the
cylinders be.arranged in'line rather than radially.

A typical engine.may include an engine block 1,
defining cylinders .19, in which pistons {1 recip-
racate according to.conventional practice. In an
L-head .type.of .engine valves {2, controlling in-
take and exhaust ports_communicating with the
cylinders 10, are operated by cams on a cam shaft
{3 in the usual way. _In an engine in which each
piston_is.connected, positively to a crank arm on
the crank.shaft by a connecting rod, it is manda-
tory .that.the crank_shaft make a complete revo-
lutien 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.ragk 2.replaces the usual connecting
rod .and meshes with.a gear 20 carried by the
power shaft 14. As each connecting rack is driven
downward. by.a_force applied to its piston, it will
rotiate -such.gear in the.same direction as shaft 14
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 (4 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 14. Considered differently, the shaft
turns one-guarter 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 Il executes one power
stroke, assuming the engine to be of the four-
stroke cycle type. Consequently if cam shaft 13
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 cam shaft may be driven by a sprocket
9 connected by a chain 16 to a sprocket | T mount-
ed on the power shaft.  Such sprockets would, of
course, be of equal size to effect rotation of the
cam 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 (1 is relieved of
all tilting load transversely of the power shaft 14
by connecting the rack to it by a conventional
wrist pin 18. 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 14 rotates unidirectionally. Each drive gear
is therefore operatively connected to. the shaft by
a ratchet or overrunning clutch, or free-wheeling
unit, 21 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 18 in the pistons and,
in 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 ifs 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 28. 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 14 thus afforded. If
the overrunning clutch unit of one gear 28 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 com-
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 21 and their gears 20.

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 inwardly 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
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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 2§, 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
thiem to drive upward at a corresponding rate the
two pistons at the left of Figure 2, one of which
will be executing its comnpression 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 14 to over-
run the connecting racks, it is not safe to rely
upon such operation.

To insure coordination of piston movement
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with ccontinual wrotation :of «the power sshaft -4
1iprovide cemergeney udrive -mechanism :in .the
form of a supplemental drive between the pewer
shaft=and the :coordinating..gear -23. -A eantrol
gear 2T:issseeured on-the-endof-shaft:25-remote
from;:gear;:23:and meshes :with a-control-rack.28.
'Fhis -rack iis .disposed «parallel sfo power :shaft
#4 :and -reciprocates lemgthwise of ssitch sshaft,
being -guided -for such smevement chy -channels,
which-embrace:opposite ends:of- therraek ~formed
in ~fixed : guide - brackets 129 -supported sfrom «the
engine :casing -as :shown «in sFigure :1. .Recipro-
cation :of - the -rack by the :power -shaft -may-he
effected -by -any-of i several :types sof -.mechanism,
but: the -cam . drum 3-secured -on :a controlsshaft
30, ~which n sturn «is zgeared spositively «to..shath
4, ‘hasdeeided - :advantages.

*Rack 28 mecessarily - reciproeates -in :synchre-
nism-with:the:pistons i, so:that like-each piston,
this-rack:must-complete -tworstrokes in-each :di-
rection-while:shaft +t4 makesa single -complete
revolution, ‘where :the effective <length wof ~each
commecting: rack-2:is equal:tozone-guarter.gf the
eivcumferenee of the:gear:20. To.effectsuch:rack

movement the cam sdrum 8 may:have intit-a 2:

single,ssubstantially -helical:return:greove:
equivalent ;surface, sextending slengthwise :6f the
drum: over:a-distance:equal to the:stroke -ofirack
28. TIf coordinating gear 23 and:control. gear:27

are:ofiequal:size-the strokesof thewaek,and con- 3

sequently ‘the: effective. length:0f thescam-drum,
must-beequal to the:length-of .the:piston:strake.
The:strokezof rack: 28 may, of rcourse,oe altered
40 sany sdegree .desired by -changing the relative

sizesof: gears:23-and 271, Fhe:camzdrumesgroeve 4

31 rreceives ia follower pin:or roller:32 projecting
downward from :the ‘hottom :of ithe rcontrolzrack
98. Preferably the:cam drum: isilocated:directly
‘henesth -control:gear:21, assshown iiniFignres 71
-grid:2 :s0:that the'forces will:be:transmitted most
‘directly "between:the drum=and:gear.

It :will ‘be -evident that:if rthe:drum 23 thaszin

it a-cam:groove:making.only: assinglecaxial pass
-and-return-about its-entire eircumference, rit-will
reéinrocabe controlrack 28:once mreach: direction
HAuring a single Tevolution, whereas power: shaft
t8-Trotates only onethalf-asrevolution during such
ratk movement. The driven gear33-carried by
control-shaft 30 theréfore mustiberorily-one-hall
«as large-asthe-driving sgear 4 meSting -with- it
and-earried by-shaft-i14. “This-gearratio-must,
Of course, *be “governed -by “the relationship ‘e~
tween ‘the piston-stroke-and:the:rotation 6f*the
‘shaft 14 -as determined’ by *the :size~61 gearsZl,
‘the relative-sizes of -gears 33-and :34being such
-as to -effect ‘one=half a “revolution :6f sshdft *29
for “ezch piston 'stroke. ‘Tf *the -cam >groove 31
makes more than one- ‘pass - gxially < 6f “drum 3
-ground -its -circuniference ‘the ‘rotative “speed of
the “‘drum -must “be reduced ~correspondingly.

Tt is -evident *that -pistons ‘1 canndt-move =at
the same rate of speed-at dll-times, because their
direction -of movement: must -reverse -at*the end
of ‘each stroke. ‘Tn-order “to-utilize“the force-on

‘the piston moving* +through the power -stroke’to *

the best advantage, it is ‘desirable for-sut¢h piston
‘4o reciprocate sufficiently rapidly-so’that ‘it -will
-apply-a- torque ‘to shaft F4-as eaily-in'its:stroke
as- is ~consistent -with ‘the -avoidarnce -0f “excessive
-accélerstions in‘the working parts. “Because “0f
the interconnection -of ' rack=plates 22-by ~coordi-
natimg ‘gear 23 the reversal -of “movemerit ol A1
the pistons must occur in‘the same period-oi-time.

“Phe-contour -of ‘the ‘cam ‘groove ‘3{ -on-drum -3
Shoiild -coriform "to “the “type -6f  piston *movement :

kY

b3

fAesired. : At the beginning of the.downward:-stroke
the:piston will ‘beraccelerating, :and if .the-cam
groove :31 scorrespondsexactly to-the:movement
of - the .piston - when ‘correlated -with .rotation -of
power sshaft 44, it -would -be :possible for :the
piston:to:drive the:power shaft-through-the con-
trol mechanism,-including .gear .27, contrel rack
28,-cam .drum :3,: coritrol shaft 30, and :gears:33
and .34, :instead -of .through the.connecting:rack
9'.of the piston:moving through its: power :stroke.
Inaorder to:avoid eny-possibility -of-this opera-
tion, cexceptipossibly -in . the :case :of emergeney,
the scam zgroove -3 | :may -be -relieved -slightly «at
sach-end, as:indicated.at. 35.

Thercam grooveshould, of course, be of txue
helical:shape:over thesmajor portion of.its length,
sotthat sthe ~piston working on - its :power :stroke
will :drive its~gear 28 :at a rotative speed-equal
to:that:of:shaft 4. -Adizcent to-each end: ofthe

20 cam drum,“however;sucl groove should be:shaped
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to @llow:the pistons; to:slow down while reversing
their :movement, -and ~while accelerating ragain
at-the beginning-of "their travel:in -the: opposite
direction. “Nevertheless the -cam sgroove should
be:able:to-contact: the follower:projection for-the
purpose:of ‘driving:the pistons-to therend of their
strokes, ‘if :necessary, ‘particularly :to counteract
the resisting force:-cregted onthe -piston-moving
through its,compression:stroke,

Assumingithat thedeft-piston. b, shownin-Fig-
ure 2. isbeginning its power stroke,it would drive
the 16ft eonneeting rack 2-downward:to rotaterits
averrunning- ¢lutch’2!, -and consequently:shaft-i4,
in-a-:clockwise direction, as indicated.in Figure-l.
Simultaneously thetwo pistons atithe right: would
be-driven-upward-by the rotation of coordinating
cear-23 inithe counterclotkwise direction,;as:seen
in*“FigureQ. ‘Also centrol-gear21, rotatingcon-
jointiv -with: gear:23, would shift coritrol ratk:28
to ‘the ‘right:in Figure 2 to move'its cam: follower
22 -along “the ‘cam-groove 3| of drum :3, in.syn-
¢hronism “with -rotdtion -of :such “drum “by :gears
233-and 24,

As the-resistance to-upward movement ofapis-
ton-at-the tight-of Pigure 2 increases becanse of
the “inereasingly :gregter ‘force required :to :com-
press “the “fresh :charge -after 'the ~exhaust wport
G6ft thee¥linder 4t the extreme-left has:opened,:so
that H1ittte ‘further “propulsive ;effort -is produeed,
the'spesd ofthepistens’ travel will decrease~and
ghaft #4willvoverrun-gears320.:dt:the left in Fig-
ure 2. If this tendency of the pistons to decel-
erate “is “greater ‘than permitted ‘by:the contour
ofthe :cam ‘groove ¥ ‘in "drum 13, ;this .drum,To-~
tated shy ~shaft (P4 through gearing 33, 34, ~will
exert-a pressure-on-the follower-ef rack’28:tend-
ing-to-aceélerate-its lengthwise movement. IFhis
foree -will the ' transmitted { through -gears 127 ‘and
23-to-racks24 for supplying: the: power-deficiency
mecessary tocomplete the compression ofithenew
c¢harge “and -to ~drive ‘the pistons *to *the:end -of
their respective strokes.

As *Hustrated “in the drawing, the ‘engine s
vpreferably construebed -so :that the-entire ‘power
‘shaft -assenibly, -including gears °28:and. élutches
Di-may be removed -asa unit, and similarly-shaft
30 -and “its ‘cam ‘drum 3 can he lifted-out of the
engine case as-a single assembly. It will berun~
derstood “that “various conventiongl -engine .de-
tails, ~which -would: be the same-in ‘an-engine ‘in-
-corporating my mechanism described above: as:in
other: engines, ‘"have ‘not ‘been illustrated -or-te-
'seribed.

T glaimrasmydnvention:

1. 1In »an vengine “having sa . plusality «6f cpistess
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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 mem-
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 eifect 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 ad.]acent
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 mem-
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 rctative members only
in one direction, a plate disposed substantially
parallel to said power shaft and inferconnecting
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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edge racks and operable to coordinate conjoint
movement of said rack plates in opposite d1rec-
tions.

5. In an engine havmg a plurality of plstons
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. p]urahty of plstons
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 paraliel to
said power shaft, gearing interconnecting said
control shaft and said power shaft to effect con-
joint rotation thereof, a cam 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 rotaie 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 shait 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 cam
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 cam 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 ecam 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.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,271,569 Hancoek o July 9, 1918
1,291,642 Blwell - Jan. 14, 1919
2,163,052 Niemi oo June 20, 1939

FOREIGN PATENTS
Number Country Date
411,808 Great Britain - Sept. 7, 1932



