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4 Claims. 
This invention relates to mechanism for con 

Verting reciprocating motion to rotary motion, 
Or Vice Versa, and is especially applicable to in 
ternal combustion engines for motor cars, air 
planes, boats, and other purposes, but is also ap 
plicable to apparatus such as air compressors, 
pumps, and rock crushers. r 
The principal objects of the invention are to 

provide a mechanism in which the moving parts 
are in perfect dynamic balance and which will 
minimize the forces transmitted to the housing 
Structure of the mechanism. 
A further object is to provide a compact ar 

langement of the parts With the consequent Sav 
ing of Space, weight, and reduction in cost of 
manufacture. 
The principal application of the invention is 

to internal combustion engines and I have chosen 
Such engines for the purpose of disclosing herein 
illustrative embodiments of my invention. 
In the accompanying drawings, 
Fig. 1 is a longitudinal section through the 

Cylinders of an internal combustion engine oper 
ating on the two-stroke cycle principle, the sec 
tion being on the line -l of Fig. 2; 

Fig. 2 is a longitudinal section on the line 2-2 
of Fig. 1; 

Fig. 3 is an enlarged section through the motive 
fluid compressor, the section being on the line 
3-3 of Fig. 2; 

Fig. 4 is a detail elevation of the gears con 
necting the two crank-shafts of the engine; 

Fig. 5 is an elevation at the end of one pair of 
Cylinders showing the arrangement of the gas 
transfer connection between the cylinders; 

Fig. 6 is a view similar to Fig. 1 but showing an 
Ele Operating on the four-stroke cycle prin 
Clple; 

Fig. 7 is a longitudinal section thereof on the 
line 7-7 of Fig. 6; 

Fig. 8 is an end elevation of one of the pairs 
Öf cylinders and showing the arrangement of the 
Valve actuating mechanism; and 

Fig. 9 is a detail section on the line 9-9 of 
Fig. 7, showing the arrangement of the timing 
gears for Operating the cam shafts. 

It will be noted from the drawings that the 
parts of the mechanisms are units that are in 
common use and the physical characteristics of 
which are Well understood. The illustrative em 
bodiments are complete units, each comprising 
four cylinders, but it will be understood that 
these units may be duplicated to provide engines 
having eight or twelve cylinders or any other 
multiple of four cylinders, all having two crank 

the axis of the cylinder 5. 

(Cl. 123-53) 
shafts in common. Briefly, the illustrative em 
bodiments of my invention each comprises two 
pairs of opposed cylinders and each cylinder be 
ing provided with its piston and connecting rod, 
the axes of the cylinders being arranged sub 
stantially in the same plane and each cylinder 
being directly opposite one of the cylinders of 
the other pair. Two crank-shafts, each having 
a single crankpin, are disposed between the pairs 
of cylinders with their axes normal to the plane 
of the cylinder axes. Two connecting rods con 
nect each crank pin with the pistons of opposed 
cylinders, and the crank-shafts are geared to 
gether to rotate at equal angular velocities but 
in opposite directions. The crank pins are angul 
larly positioned, relative to each other, to cause 
the reciprocating parts to move in the same direc 
tion at all times, and balancing weights of proper 
mass are disposed opposite each crank pin. 
Referring to Figs. 1 to 5, it will be noted that 

there is a crank casing to having two pairs of 
bearings for the crank-shafts 2 and 3. 
Secured to one side of the crank case 0 is a 
block comprising the cylinders 4 and 5 which 
may be suitably water-jacketed in accordance 
with well-known practice. The cylinder 4 has 
an annular inlet port 6 surrounding its inner 
wall and said wall is provided with a circumfer 
ential series of radial ports 7 whereby the port 
6 communicates with the interior of the cylinder 

in which the piston 8 reciprocates. A motive 
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fluid supply pipe 9 connects with the port 6 
and with the discharge orifice. 20 of the com 
pressor 2. 
The cylinder 5 has an annular exhaust port 

22, surrounding its inner wall, and a circumfer 
ential series of radial ports 23 extending there 
from to the interior of the cylinder in Which the 
piston 24 reciprocates. An exhaust pipe or mani 
fold 25 is connected to the port 22. 
The piston f8 is connected with the crank 26, 

of the crank-shaft 12, by a connecting rod 27, 
and the piston 24 is connected with the crank 28, 
of the crank-shaft 3, by a connecting rod 29. 
On the opposite side of the crank case 0, from 

the block containing the cylinders f4 and 5, 
there is a similar block containing the cylinders 
30 and 3, the axis of the cylinder 30 being in 
alignment, with the axis of the cylinder f4 and 
the axis of the cylinder 3 being in alignment with 

The cylinder 30 is 
provided with an annular inlet port 32, similar 
to the port f6, and the cylinder 3 is provided 
with an annular exhaust port 33, similar to the 
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3 are similar to the cylinders 4 and 5. The 
inlet port 32 has a branch of the motive fluid 
Supply pipe 9 connected therewith and the ex 
haust port 33 has a braich of the exhaust pipe 
Or manifold 25 connected therewith, 
There is a piston 34 in the cylinder 30 and a 

piston 35 in the cylinder 3 and the piston 34 
is connected with the crank 26 by the connecting 
rod 36 and the piston 35 is connected with the 
crank 28 by the connecting rod 37. The cylinders 
4 and 5 are provided with a removable head 
block 38 having a port 39 therein for transferring 
the gases from the cylinder 4 to the cylinder 5, 
and it Will be noted, from Fig. 5, that the transfer 
passage 39 communicates with the cylinder 4 at 
One side and With the cylinder 5, at the opposite 
Side, so that the gases will form and maintain the 
Vortex or SWirling motion in passing from one 
Cylinder to the other. The usual spark plug is 
indicated at 40. In a similar manner the cylin 
der's 30 and 3 are provided with a head block 
4 having a transfer port 42 therein and a spark 
plug 43. 
The compressor 2 is shown in detail in Fig. 3 

and comprises a housing 44 having the rotating 
impellers 45 and 46, constructed according to the 
Well-known Roots blower principle. The im 
peller 45 is mounted directly on the crank-shaft 
f2 and the impeller 46 is mounted on the crank 
shaft 3 so that these impellers are driven in uni 
Son at the crank-shaft speed. The compressor 
is provided with an in-take pipe 47 which is sup 
plied with the motive fluid by means of the usual 
carburetor 48. Mounted on the crank-shaft 2 
in balancing relation to the crank 26 and the 
parts connected therewith, are counterweights 
49 which are suitably proportioned to provide a 
perfect dynamic balance. In a similar manner, 
the crank-shaft 3 is provided with the counter 
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Weights 50. Gears 5 are secured to the crank 
Shafts 2 and 3 and, being of the same diameter 
and in mesh, cause the crank-shafts to rotate at 
all times at the same angular velocities. 
In the operation of the engine above described, 

aSSunning that the pistons f8 and 24 are moving 
to the right on the explosion stroke, the pistons 
34 and 35 will be compressing a charge in the 
Cylinders 30 and 3. When the pistons 8 and 24 
uncover the ports and 23, the burnt gases will 
be exhausted through the ports 23 and a fresh 
Charge will enter through the ports 7 and fill 
the cylinder 4 and pass through the transfer 
passage 39 into the cylinder 5 and, because of 
their Swirling motion, will effectively Scavenge 
the burnt gases from both cylinders. At the end 
of the stroke of the pistons the charge in the cyl 
inders 30 and 3 will be ignited by the sparkplug 
43 and the pistons will then move in the oppo 
Site direction, the ports and 23 being thereby 
closed by the pistons 8 and 24 and the charge 
being compressed in the cylinders f4 and 5. 
Toward the end of this stroke of the pistons, the 
inlet ports in the cylinder 30 and the exhaust 
ports in the cylinder 3 will be uncovered by the 
pistons 34 and 35, thereby permitting the burnt 
gases to be exhausted from the cylinders 30 and 
3 and a fresh charge supplied thereto. The pis 
tons will then start on their stroke in the oppo 
Site direction and the operations will be repeated 
So that two of the pistons will start on their power 
stroke every 180° of revolution of the crank 
shafts. 
In the engine illustrated in Figs. 6 to 9, the 

crank case, cylinders, pistons, connecting rods 
and crank-shafts are Substantially the same as 

:53, -laiti: 
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in the two-cycle engine above described, but this 
engine Operates on the four-stroke cycle princi 
ple and, therefore, each of the cylinders is pro 
vided With an inlet valve 60 and an exhaust valve 
6 and the head blocks 62 separate the interiors 
of each pair of cylinders. The crank-shafts are 
also geared together for rotation in unison and at 
equal angular velocities at all times. The usual 
camshafts 63 and 64 are provided and these cam 
shafts actuate push rods 65 which are operatively 
connected with the rocker arms 66 which are suit 
ably mounted on the head blocks 62 and opera 
tively connected With the Stens of the Valves 60 
and 6, according to common practice. 
On the crank-shaft 6 there is a timing gear 

68 which meshes with the gears 69 and 70 on the 
can shafts 63 and 64, respectively, these timing 
gears being so proportioned that the can ShaftS 
rotate at one-half the Speed of the crank-shafts, 
according to the common practice in four stroke 
cycle engines. 

It is believed that the operation of the en 
gine disclosed in Figs. 6 to 9 will be readily un 
derstood from the foregoing description and the 
drawings and, therefore, a detailed description 
of the operation will be omitted. Since the unit 
comprises four cylinders, there Will be an explo 
Sion stroke in one of the cylinders during each 
half revolution of the crank-shafts and, by provid 
ing each of the crank-shafts With Suitably pro- : 
portioned counter Weights for the cranks and 
masses attached thereto, it will be apparent that 
the engine will operate in perfect dynamic bal 
ace, 

Having thus described my invention, I claim: 
1. An internal combustion engine comprising 

two parallel crank-shafts geared together for ro 
tation in opposite directions at equal angular ve 
locities, four cylinders with their axes in par 
allel relation, said cylinders being arranged in 
pairs on opposite sides of the common plane of 
the axes of said crank-shafts, pistons in said cyl 
inders, connecting rods operatively connecting 
the pistons of two of said cylinders with a crank 
on one of Said crank-shafts, connecting rods op 
eratively connecting the pistons of the other two 
cylinders with a crank on the other crank-shaft, 
the relation of Said Cranks being Such that all of 
said pistons move, at all times, in unison and in 
the same direction, and means for controlling 
the motive fluid Supply and exhaust for the dif 
ferent cylinderS. 

2. An internal combustion engine comprising 
two parallel crank-shafts geared together for 
rotation in opposite directions at equal angular 
velocities, four cylinders with their axes in par 
allel relation and in a common plane, the axes 
of two of said cylinders being in a plane which 
includes the axis of one of said crankshafts, the 
axes of the other two cylinders being in a plane 
which includes the axis of the other of said 
crank-shafts, pistons in Said cylinders, connect 
ing rods operatively connecting the pistons in the 
first mentioned two cylinders with a crank on 
one of said crank-shafts, connecting rods opera 
tively connecting the pistons in the other two 
cylinders with a crank on the other crank-shaft, 
the relation of said cranks being such that all of 
Said pistons move, at all times, in unison and in 
the same direction, and means for controlling the 
motive fuid Supply and exhaust for the different 
cylinders. 

3. An internal combustion engine comprising 
two parallel crank-shafts geared together for 
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rotation in Opposite directions at equal angular 75 
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velocities, four cylinders with their axes in par 
allel relation, said cylinders being arranged in 
pairs on opposite sides of the common plane of 
the axes of said crank-shafts, pistons in said 
cylinders, connecting rods operatively connecting 
the pistons of two of said cylinders with the same 
crank on one of Said crank-shafts, connecting 
rods operatively connecting the pistons of the 
other two cylinders with the same crank on the 
other crank-shaft, counterweights on each of 
said crank-shafts for balancing said cranks and 
the masses attached thereto, the relation of said 
cranks being such that all of said pistons move, 
at all times, in unison and in the same direction, 
and means for controlling the motive fluid supply 
and exhaust for the different cylinders. 

4. An internal combustion engine comprising 
two parallel crank-shafts geared together for ro 
tation in opposite directions at equal angular 

3 
velocities, four cylinders with their axes in par 
allel relation and in a common plane, the axes 
of two of said cylinders being in a plane which 
includes the axis of one of Said crank-shafts, 
the axes of the other two cylinders being in a 
plane which includes the axis of the other of 
said crank-shafts, pistons in said cylinders, con 
necting rods operatively connecting the pistons in 
the first mentioned two cylinders with the same 
crank on one of Said crank-shafts, connecting 
rods operatively connecting the pistons in the 
other two cylinders with the same crank on the 
other crank-shaft, counterweights on each of 
said crank-shafts for balancing said cranks and 
the masses attached thereto, and means for con 
trolling the motive fluid supply and exhaust for 
the different cylinders. 

HARRY L. BURKHAR. 
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