APﬂl 2,1946. F. RUSTAD : ‘2,397,752

INTERNAL-COMBUSTION ENGINE

Filed Sept. 27, 1944 4 Sheets-Shoet 1
Vgt | =] ==
K .6-)‘!5\ |
., AN y
1° BE SO T
[©] i Q ﬂi\d;_l—--,; —————
N, = L -
] -~ ST T
a2 = e 1
' g R T
= ¢ Sl [l .
ol | 0 AL A R ) .
T T 0 %o P
[T i IRGZ, " # TETIRL
’- l]ﬁl SR T O
of T 1o "9 | (o]} 1'012---;{’7105-.'0
Q| i o . 6‘—), o ; : E o) ol | i 1S
b % 79 ’
P
Tig 2 mmw 4 q Ry
gy z QU -0

d
i
i

>
&
1]
A
| " NN

- 77 [} 7577 A%
= — 1
2% I3
22 40 28
61 » 57
e N % s
66
o INVENTOR
FRITS RUSTAD
TPnnie Thuiq Manwimildrmddy

ATTORNEYS




April 2, 1946.

F. RUSTAD : 2,397,752

INTERNAL-COMBUSTION ENGINE
Filed Sept. 23, 1944 ) 4 Sheets—Sheet 2
47 .
43 40 29 7%
7]
7 L B g7
| | S 5
jj Sam— ) 7 7 /.— \1\_
— @ “'\
i
——] A7
N /
/5.
9
g

i
i
M g \

R BLT

i
ra v aarsared)
A

Rxsssreeey’

-/
79 .
%
INVENTOR
. FRITS RUSTAD
BY :
Ternit, Dona Marvin # Esnonda.

. ATTORNEYS



2,397,752

4 Sheets-Sheet 3

F. RUSTAD
' INTERNAL-COMBUSTION ENGINE
Filed Sept. 23, 1944

il 2, 1946.

A

SIS
SV §

NN Wlim

” I’//,\’ﬂ r"ffd”/g///’.‘

_ INVENTOR
FRITS RUSTAD
ATTORNEYS

BY

Tonnie Dania My oo fhomirdy

-77

s

AN SIS K N
RN A L4\ D), -
Pz
8.8 8§
Y
&/
R R
S mmmw x\mw
S N ; )
= R
I ¢
.
dL EEexgaee: MW
& %/,.,/
) ~
a\ B % ,/ Ny 9
~ Y
A N
¥ 2 N N Q
=~ RN NN
,?7.!1 Q) 1 //\\

-

5
728

JTH

7254

s
S04



2,397,752

F. RUSTAD
INTERNAL—COM_BUSTION ENGINE

il 2, 1946.

A

4 Sheets-Sheet 4

23, 1944

Filed Sept.

' INVENTOR -
FRITS. RUSTAD
ATTORNEYS

-BY

%ﬂmﬂmﬁ%fzw

4

1 &




Patented Apr. 2, 1946

2,397,_752;:

UNITED STATES PATENT OFFICE

2,397,752 : , .
INTEENAL-COMBUSTION ENGINE
Frits Rustad, Larchmont, N. Y.
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14 Claims. (CL, 123—42) ,
- I have found it advantageous to support the eri-

This invention relates to internal combustion
engines and has for its object the provision of
an improved engine of the opposed-piston type.
The invention provides an engine having at least
one cylinder with the opposed pistons reciprocable
therein, a crankshaft for each piston and means
for shifting the cylinder in a direction transverse
to its longitudinal axis during each revolution of
the crankshaft, :

One of the characteristic features of the inven-
tion is the use of piston connecting rods which
travel in the direction of the cylinder axes with-
out swinging, and a component of the forces act-
ing on the crankshafts imparts a motion to the
engine cylinders which is transverse to the move-
ment of the pistons. In one of itg embodiments,
fhe invention provides means acting in synchro-
nism with the pistons for applying forces in a
direction transverse to the cylinder axes to start
the engine and to supplement, during the opera=
tion of the engine, the action of the crankshafts
in imparting the transverse motion to the cylin-
ders. I have found it advantageous to attach to
the engine cylinders resilient means having an
oscillatory effect on the cylinders which aids in
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supporting the cylinders and in starting and con- =~

tinuing the transverse motion.

The invention is especially applicable to Diesel
engines containing any number of eylinders and
ig advantageously adapted to multi-cylinder en-
gines, either upright or horizontal, and to engines
with interconnected groups of cylinders in which
the shafts are connected by gears to a common
power shaft. The cylinders, including the im-
mediately connected elements, such as fuel supply

means, pistons, connecting rods and the like, are

slidably supported on bearings which permit
movement thereof on each side of the center posi-
tion of the cylinders the length of the shaft crank.

One of the important features of the invention
is the provision of a pump system, preferably
operated by the lubricating oil, to start the engine
and to apply forces aiding in the continuing trans-
Verse movement of the cylinder. This feature is
especially important when the engine is a Diesel
engine because it provides a simple and compact
means of starting the engine. By means of one
or more small pumps arranged to act against the
slidable mass of the engine, the cylinders are
moved transversely with a resulting movement of
the pistons, fuel pump, ete., and the engine is
started. The engine of the invention may, ac-
cordingly, be started without the use of the com-
plicated and bulky equipment now necessary to
provide air under pressure to start Diesel engines.
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gine cylinder on one or more double acting springs
which have an oscillatory effect on the movement
of the cylinders and which' cushions the move-
ment of the cylinder at the extreme positions of
motion. - )

Another important aspect of the invention is
the provision of a very simple reversing system
comprising valve means operated from a control
station for controlling the action of the starting
pumps. The invention provides manually oper-
able valve means for controlling the admission
of ¢il to the starting pumps to determine the
movement of the cylinders and the direction of
rotation of the crankshafts. o

These and other novel features of the invention
will be better understood after considering the
following discussion taken in conjunction with the
accompanying drawings, in which:

Fig. 1 is a plan view of a single cylinder engine
embodying the invention; o7

Fig. 2 is an enlarged horizontal sectional view
of the cylinder portion of Fig. 1; R

Fig. 3 is a side view of the engine of Fig, 1;

Fig, 4 is a sectional view along the line 4—4 of
Fig. 1; : O =

Fig. 5 1s a sectional view along the line 5—F5 of
Fig. 4; i :

Fig. 6 is a view along the line 6—6 of Fig. 1
with control apparatus included; o

Pig. 7 is a view similar to Fig. 6 illustrating the
parts in different positions; o

Fig. 8 is an enlarged view of the fuel pump;

Pig. 9 is a diagrammatic illustration of means
for the intake and exhaust of gases; and :

Fig, 10 is a cross sectional view through the
valve and its ports. ,

The opposed piston engine iilustrated in the
drawings comprises but a single cylinder which
is provided with suitable fins for air cooling, it
being understood, of course, that any desired
number of similar cylinders may be used and that-
the engine may be liquid cooled if desired. The
engine is also a two-stroke Diesel engine and it
is to be understood that the invention also applies
to spark-ignition engines. The invention illus-
trated is arranged in a horizontal position and it
is to be understood that the invention also applies
to engines in which the cylinders are arranged
in an upright position. ‘ »

The Diesel engine illustrated in the drawings
comprises an air cooled cylinder | having opposed
pistons 2 and 3 reciprocable therein which are
connected to crankshafts 4 and 5 by the connect-
ing rods 6 and 7 respectively. It will be noted
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head but travel in a straight line without the
usual swinging.~ As the crankshafts rotate, a
forced component imparts to the pistons, cylinder
and all of the movable apparatus affixed thereto
an upward and downward movement, as shown
in Figs. 3 and 4. In other words, during each
. rotation of the crankshafts, the cylinder and its
- immediate assembly of connected elements moves
upward and downward., This use of rigid con-
© necting rods moving in a straight line resulting

[

10

in or contributing to a movement of the cylinder - -

in g direction transverse to-the movement of the

pistons is one of the characteristic features of the

invention. o
~ In order that the crankshafts will move in
unison, they are connected together by means of

the intermediate gears 8, 9, [0 and II to the.

master gear 12 which drives the power shaft 13
(Fig. 1. : o :
The intake manifolds 15 and I8 and the ex-
haust manifolds 17 and 18 are permanently se-
cured to the foundation structure 19 and do not
participate in the upward and downward move-
ment of the ecylinder assembly. In the vicinity of
the intake ports 28 and the exhaust ports 2f the
cylinder has enlargements or projections 22 and
28 which, as shown in Fig. 5, are substantially
square in cross section. -The upright sides of
these extensions are in engagement with the up-
right bearing guides 25, 26, 27 and 28 which are

securely attached to the manifclds 15, (6, 11
The intake mani-:

and 18 respectively (Fig. 2).
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folds 15 and 16 and the exhaust manifolds {T and . -

18 have elongated slots 30, 31, 32 and 33, respec-
tively, which are in coincident engagement with
similar slots 34,35, 36 and 31 in the bearing
guides 25, 26, 27 and 28 respectively. As the cyl-

inder moves upward ard downward in sliding en- -

gagement with the guides, the intake ports 20
and exhaust ports 21 are always in direct com-
munication, through said slots, with the interiors
of their respective manifolds. -

n order to facilitate the circulation of cooling .

air around the central portion of the cylinder be-
tween the intake and exhaust vorts, a housing
member 49 is mounted in spaced relation . there-
around and in secure attachmenf to the guides
25, 26, 27 and 28, as best shown in Figs. 5 and 9.
This housing is-obleng in-cross section fo permif
the upward and downward movement of the cyl-
inder therein. By means of g suitable arrange-
ment of valves, as best shown in -Figs. 4 and 9,
the air from the intake manifold which is pro-
vided under pressure for scavenging and combus-
tion is introduced into the space inside the hous-
ing 48 through the valves 41 .and is discharged
through the valves 42 into the exhaust gas mani-
fold. - : .

In the schematic illustration of the invention
in Fig. 9, it will be seen that the cylinder | slides
upward and downward in bearing contact with
the guides 25, 26, 27 and 28 with the inlet ports
20 and exhaust ports 21 always in coincident en-

" gagement with openings communicating with the
interiors of the manifolds 18, 16, {7 and 18, The
air for scavenging and combustion is supplied to
the manifold 15 from such sotirces as are usually
used for Diesel engines, and it flows through the
engine passages in the directions indicated by the
arrows. When the piston 2 is in a position clear-
ing the inlet ports 20, the air blows therethrough
and serves as scavenging air blowing the exhaust

gases through the ports 21 and info the exhaust .

manifold. The air continues to flow, providing
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that the piston rods do not have the usual cross-

a residual quantity of air for combustion pur-
poses. It will be noted that a part of the air en-
tering the intake manifcld forces the one-way
valves 41 open and flows into the space between
the housing 40 and the cylinder and thence
through the one-way valves 42 from which it is
discharged into the exhaust gas manifold. The
end closures 43, 44, 46 and 46 are rigidly at-
tached to the engine cylinder and move upward
and downward therewith. They are in bearing
contact with the sides of the inlet and exhaust
.manifolds and, accordingly, seal off the space in-
side the housing 40. It will be understood that
Fig. 9 is somewhat exaggerated to facilitate illus-
tration and that the housing 490 is much shorter,
as shown in Figs. 1 to 5.

.. In order tofacilitate the starting of the engine,
and also to aid in the continuing transverse
‘movement of the cylinder, suitable spring means
are provided; and to this end, the two diagonally
disposed cylinders 50 and 51 are mounted on the
platform or engine bed 19 and are attached to
the manifolds 15 and 18 respectively. As best
shown in Figs. 6 and 7, the cylinders 80 and 51
contain -double acting springs 52 and 52’ and 53
and 53’ with rods 54 and 55, respectively, in bear-
ing engagement therewith. The rods 53 and 55
are attached at the top to brackets 56. and 57
which are rigidly and securely attached to the
upper  portion of the cylinder. These springs
serve’ 1o cushion the upward and downward
movement of the cylinder and aid in the upward
and downward movement to the eylinder.

In order to start the engine, and preferably to -
aid in the continuing transverse movement of the
cylinder, diagonally disposed cylinders 58 and 59
are mounted on the platform 19 and attached to
the manifolds 16 and 18. The. cylinders have
pistons 60 and 61 slidably mounted therein with
connecting rods 62 and 63 securely attached to
brackets 56’ and 5717 respectively: The rods 54,
55, 62 and 63 move upward and downward with
the cylinder of the engine. The upper part of
the cylinder 59 has a port. 64 and the lower part
has a port 65, each in communication with a
valve 66 having a rotatable control member §7
which is operated by .cams 68 and 69 on the rod
19. The upper end of rod 79 is. attached to the
stationary platform 711 and, while it may furn,
does not move upward or gownward. The bracket
51 moves upward and ‘downward with the cyl-
inder and has a projecting roller 12 which en-
gages the cams 68 and 69 to turn the member 67
first in one direction and then in the opposite
direction repeatedly as the engine operates.

The valve 66 in the position of the valves
shown in Fig. 6 is supplied with oil under high
‘pressure through the pipe 14, reversing valve 19
and pipe 16 which connects to any suitable source
of high pressure oil, for example, to the high
pressure side of the lubricating oil system of the
engine (not shown): The oil flows through the
‘diagonal passage 16°, pipe 11 and port 65 into the
lower part of cylinder 58, forcing the piston 61
and the engine assembly upward. The oil is Te-
moved from the upper part of cylinder §3 through
port 64, diagonal passage 18, pipe 19, reversing
valve 15, and pipe 88 from which it flows to the
sump through pipe 81 or to the low pressure side
‘of a lubricating system through pipe 82. The
oil for cylinders 58 and 59 may be from a source
of sufficient pressure that the oil discharged from
"the cylinders may be under a sufficiently high
pressure to be used as the lubricating oil and
‘returned to the sump after passing through the
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bearings. In such a construction the excess of
oil over that required for lubrication may be re-
turned directly to the sump through g pressure
release valve.

The control portion 83 of the valve 15 is con~
nected by lever 84 and rod 85 to the manually
operated starting lever 85 which may be located
at any desireg place, for example, at a remote
operating station. The lever 86 may be moved
to a position, such as that shown in full lines
which is for forward rotation of the engine, to
set the member 83 in a position whereby there
are communicating passages therethrough as
shown in full lines, or it may be set in the position
shown in broken lines for reverse running of the
engine to connect the passageways in member
83 shown in broken lines. With the parts in the
position shown in Fig. 6, the cil forces the piston
61 and the entire cylinder assembly in an upward
direction to upper dead center, at which time
cam 09 engages roller 72 and valve member §7
is turned sufficiently to connect the horizontal
hole 87 with port €4 and pipe 14 and horizontal
hole 88 with pipes 77 and 19, as shown in Fig. 7,
The high pressure oil now enters the top of cylin-
der §9 forcing piston §! and the engine cylinder
downward and the oil in the lower part of cylin-
der 58 flows out through port 65, pipe 17, hole 88,
pipe 79 and 88 to the low pressure side of the
Jubricating system or to the sump. When cylin-
der | reaches lower dead center, the cam 68 en-
gages the roller 72 and turns member 87 back to
the position shown in Fig. 6. The piston 60 of
cylinder 58 has a similar arrangement of appa-
ratus to that shown for operating and controlling
piston 8! of cylinder 59.

The engine may be reversed by controlling the
fuel supply, as will be described fully hereinafter,
and by manipulating the lever 88 by throwing
it to the stop position, thus turning the valve
member 83 to close the passages therethrough
and stop the engine. The lever 86 is then set in
the reverse position to drive the pistons and cyl-
inders in the opposite direction and fuel is again
admitted to the engine. -

The means for supplying the engine with fuel
oil are best shown in Figs. 6, 7 and 8. The fuel
oil pump 91 comprises a cylinder 92 that is rigidly
connected to the engine cylinder | and is movable
up and down therewith. 'The piston 93 is at-
tached by the hollow rod o4 to the stationary
platform TI. It is the movement of the cylinder
92 that gives relative movement to piston 93.
Fuel oil from any suitable source not shown is
admitted into the hollow rod 94 from which it
flows through the piston 23, as best shown in
Fig. 8. The lower portion of cylinder 82 com-
municates with duct 95 and the upper part of
cylinder 92 communicates with duct 98§, The
ducts 95 and 95 lead to the fuel oil reversing valve
97 which is operated through rods 98 and 99 by
the handwheel 109 located at the control posi-
tion. When the valve 97 is in the position shown
In Fig. 10, the passage 101 connects duct 96 with
duct 102, and passage (81’ connects duet 95 with
duct 182’ which leads to a container under at-
mospheric pressure (not shown). When valve 97
is turned to the position with bassages {8t and
181" shown in dotted lines, the passage 95 is con-
nected to duct 102 and passage 96 is connected
to the container under atmospheric pressure. At
any suitable place in duct 102, a non-return or
check valve 192’ is used to prevent g return of
o0il in the direction of valve 97.

When valve 9T is set in the position shown,
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which is for the forward running of the engine,
the oil flowing through the hollow rod 94 passes
through the ducts (04 and 105 into the chamber
186 and the valve 107 is raised off its seat by the
suction in the cylinder. It then flows from cham-
ber 108 through hole 109 into the upper part of
cylinder 92. - At this time, cylinder 82 is moving
upward.. On the downward stroke of cylinder
92, the oil in the upper part of the cylinder is
forced through ducts 96 and {02 into ducts 15
and 126. Duct 115 leads to the bressure regu-
lating valve 121, and when a suitable oil pressure
is attained, as described hereinafter, the valve
opens, permitting the oil to be foreced through
duet 122 and through the fulel oil nozzle 123 into
the engine cylindér. The duct {15 connects to
duct 120 which connects to the. cylinder 124 of
the fuel oil regulating valve 125. Cylinder (24
moves up and down but the piston 126 having a
control edge 127 is rotatably mounted on shaft
128 which is prevented from upward and ‘down-
ward movement by its mounting on platform T¢.
In order to vary the amount of fuel injected
through the nozzle 123, the piston 126 is turned-
to the desired position by means of the manually
operated wheel 130 which is connected by rod 134
and gears 132 and {33 with piston rod 128. The
turning of pisten {26 varies the position of the
control edge 127 with respect to the inlet to duct
120 and this varies the period during which duct
{28 is closed. During the time duct 120 is thus
closed, the fuel oil is being injected through valve
121 and nozzle 123. When the desired measured
quantity of oil has been injected into the engine,
the control edge 127 moves over the opening to
duct 120 by reason of the movement of cylinder
124, permitting the excess oil to fow into eylinder
124 and through pips 134 from which it is re-
turned to the fuel oil supply. When piston (2§
is below duct 120, the excess oil flows into the
upper part of cylinder 124 and then through pas-
sage 124’ in piston 126 into the lower part of
cylinder 124 from which it returns to the fuel
oil supply through pipe 134.

Agaln referring to Fig. 8, it will be noted that
the valve 140 has s stem slidable over the stem
of valve {87 and that both valves are pressed
into engagement with their respective seats by
the spring (4!, During the aforementioned op-
eration, the valve {48 has remained closed. When
the engine is reversed, the wheel 120 is turned
to change the position of the valve 871 from the
position with the passage 181 and 181’ shown in
full lines to the position shown in dotted -lines.
In this position, the oil flow from duct 95 to duct
102 and duct 9§ is connected through passage
181 to the container. When cylinder 92 moves
downward, valve 148 opens and the fuel oil flows
through rod 94 into the lower portion of cylinder
92. On the upward stroke of cylinder 92, valve
140 closes and the oil is forced through duct
95, valve 97, ducts 182 and 115, pressure reg-
ulating valve {21, duct 122, and through nozzle
{23, assuming, of course, that valve 12§ has closed
duct 128, Tt will be noted that the control edge
127 of valve 126 is tapered to a thin edge at the
right side of the drawines and that the valve
may be set with wheel 139 in a position which
does not permit the injection of any fuel oil into
the engine cylinders. In other words, duct {29
may always remain open and the oil from cyl-
Inder 92 is returned to the source through pipe
134,

It is,-of : course, necessary, when changing the
direction of fuel admission from forward travel



4

o reverse as just deseribed, to change the move-
ment of the engine eylinder | by effecting a suit-
able change in the movement of the oil operated
‘pistons 56 -and §9. It is accordinsly necessary
the direction ef fuel admission
1909 to effect -a

by the manipulation of wheel
simultaneoys manipulation of lever 86, first te
' set valve member 86 to the stop position to stop
the flow of oil through pipes 14 and 19, and
' then te move the starting
- forward or reverse position as desired.
While the engine is operating and the cylinder
. and its immediately connected assembly of mov-
able elements are moving upward and downward,
the rods 54 and 55 operating in the cylinders 50
and 5{ move with the engine cylinder and al-
" ternately compress the two springs 52 and 32,

lever 86 to either the °

15

" as best shown in Figs, 6 and 7. These springs

exert maximum pressure on the rods at the dead
" end positions of cylinder { and cooperate with

20

~ the pump pistons in fercing the eylinder t up-

. ward and downward.

T claim:

1. An oppesed-piston internal combustion en-
gine which comprises at least ene cylinder hav-
ing two pistons reciprocable therein, a separate
crankshaft for each piston, gear means connget-
ing the crankshafts to a common power shaft,
each piston being connected to its crankshaft by
a connecting rod which does not pivot with re-
spect to its piston, and bearing guide means op-

eratively connected to the cylinder permitting.
movement of the eylinder in a direction trans-:

verse to the movement of the pistons, said crank-
shafts having force components which move the
evlinder in the transverse direction. :
2, An opposed-piston internal combustion en-
sine which comprises at least one eylinder hav-
ing twe pistons reciprocable therein, a -separate

cxankshaft for each piston, gear means connect-

ing the erankshaft to a commen pOwer shaft,
each piston being connected to its crankshaft by
a eonnecting rod which does not pivot with re-.
spect to its piston, bearing guide means opera-

tively conneeted to the cylinder permitting move- =

ment of the eylinder in a direction transverse to
the ‘movement of the pistons, said crankshafts
having force components which move the cyl-
inder in the transverse direction, and pump means
connected to the engine eylinder for moving the
" cylinder transversely to start the engine.
2. An opposed-piston internal combustion en-
gine which comprises at least one cylinder hav-
ing two pistons reciprocable therein, a separate

crankshaft for each piston, gear means eonnect-

ing the crankshaft to a commen power shaft, each
piston ‘being conneeted to its crankshaft by &
connecting rod which does not pivot with respect
to its piston, bearing guide means operatively
connected, te. the eylinder permitting movement
of the cylinder in a direction transverse fo the
movement of the pistens, said crankshafts hav-
ing force eompenents which move the cylinder
in the transverse direction, and resilient means
connected to the engine eylinder to impart an
oscillatory motion thereto. = :

4. An oppesed-piston internal combustion en-
gine which comprises at least one cylinder hav-
ing two pistons reciprocahle therein, a separate
crankshaft for each piston, each piston being
connected te its crankshaft by a connecting rod
which travels in the longitudinal direction of
the pistons throughout its travel, bearing guide
_means operatively connected to the engine. cylin-
der permitting movement of the cylinder in ‘a

30
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direction transverse to the moyement of the pis-

tons, and means for moving the engine cylinder
upward and downward through one complete ey~
cle of movement while the crankshafts make one
revolution. , ~

5. An opposed-piston internal gombustion en-
gine which comprises at least one cylinder hav-
ing two pistons reciprocable therein, a separate
crankshaft for each piston, gear means connect-
ing the crankshafts to a common power shaft,
each piston being cennected to its crankshaft by
a connecting rod which travels in the longitudinal
direction of the pistons throughout its travel,
bearing guide means operatively connected to
the engine eylinder permitting movement of the
cylinder in a direction transverse to the move-
ment of the pistons, said ¢rankshafts having foree
components tending to move the engine eylinder
in the transverse direction, and pump means con-
nected to the engine eylinder and operated in
synchronism with the crankshafts to force the
engine cylinder in the transverse direetion.

6. An opposed-piston internal combustion en-
gine which comprises at least one cylindey hav-
ing two pistons reciprogable therein, a separate
crankshaft for each piston, gear means connect=
ing the crankshafts tc a common power shaft,
each piston being connected to ity crankshatt by
a connecting rod which travels in the longitudi-
nal direction of the pistons throughout its travel,
pearing guide means operatively conneeted to the
engine cylinder permitting movement of the eyl-
inder in g direetion transverse to the movyement
of the pistons, said crankshafts having foree
components tending to move the engine cylinder
in the transverse direction, pump means con-
nected to the engine cylinder and operated in
synchronism with the crankshafts to force the
engine cylinder in the transverse direction, and
resilient means eennected to the engine cylinder
to aid in the transverse movement of the engine
eylinder. :

7. An opposed-piston internal cembustion en-

_ gine which comprises at least one cylinder hav~
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ing two pistons reciprocable therein, a separate
crankshaft for each piston, means connecting
the crankshaft to a common POWeEr shaft, each
piston being connected to its crankshaft by a
connecting rod which travels in the longitudinal
direction of the pistons throughout its” travel,
bearing guide means operatively connected to
the engine cylinder permitting movement of the
eylinder in a direction transverse to the move-
ment of the pistons, said ecrankshafts having
force components tending to move the engine
eylinder in the transverse direetion, an oil pump
connected to the engine eylinder to move the
engine cylinder in the transverse direction, and
means for operating the oil pump by oil from
the lubricating oil system of the engine.

8. An opposed-piston internal combustion en-
sine which comprises ab least one cylinder hav-
ing two pistons reciprocable therein, a separate
erankshaft for each piston, means connecting
the érankshaft to a common. power shaft, each
piston being connected to its crankshaft by a.
connecting rod which travels in the longitudinal
direction of the pistons ‘throughout its travel,
bearing guide means operatively agonnected to
the engine cylinder permitting movement of the -
eylinder in a direction transverse to the move-
ment of the pistons, said ‘crankshafts having
forece components tending te meve the engine
cylinder in the transverse direction, an oil pump
connected to the engine cylinder ta move the
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engine cylinder in the transverse direction,
means for operating the oil pump by oil from
the lubricating oil system of the engine, and
means in operative connection with the oil pump
for reversing the operation thereof to reverse the
operation of the engine. a i

9. An opposzed-piston internal combustion en-
gine which comprises at least one cylinder hav-
ing two pistons reciprocable therein, a separate
crankshaft - for each piston, each piston being
connected to its crankshaft by a connecting red
which travels in the longitudinal direction of
the pistons throughout its travel, guide means
operatively connected to the engine cylinder per-
mitting movement of the cylinder in a direction
transverse to the movement of the pistons, at
least one pump connected to the engine cylinder
arranged to move the engine cylinder in its trans-
verse direction, and means for reversing the op-
eration of the pump to reverse the operation. of
the engine.

10. An cpposed-piston internal combustion en-
gine which comprises at least one cylinder hav-
ing two pistons reciprocable therein, a separate
crankshaft for each piston, each piston being
connected to its crankshaft by a connecting rod
which travels in the longitudinal direction of
the pistons throughout its travel, guide means
operatively connected to the engine cylinder per-
mitting movement of the cylinder in a direction
transverse to the movement of the pistons, at
least one pump connected to the engine cylinder
arranged to move the engine cylinder in its trans-
verse direction, means for reversing the opera-
tion of the pump to reverse the operation of the
engine, and resilient means connected to the en-
gine cylinder to aid in the transverse motion.

11. An opposed-piston internal combustion en-
gine which comprises at least one cylinder hav-
ing two pistons reciprocable therein, a separate
crankshaft for each piston, means connecting
the crankshaft to a common power shaft, each
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piston being connected to its crankshaft by a
connecting rod which travels in the longitudinal
direction of the pistons throughout its travel,
guide means operatively connected to the engine

cylinder permitting movement of the cylinder

in a direction transverse to the movement of
the pistons, at least one oil pump connected to
the engine cylinder and operated by the trans-
verse movement thereof, and means at a control
position for reversing the operation of the pump
in reversing the operation of the engine.

12, An opposed-piston internal combustion en-
gine which comprises at least one cylinder hav-
ing two pistons reciprocable therein, a separate
crankshaft for each piston, gear means connect-
ing the crankshaft to a common power shaft,
each piston being connected to its crankshaft
by a connecting rod which travels in the longi-
tudinal direction of the pistons throughout its
travel, guide means operatively connected to the
engine cylinder permitting movement of the cyl-
inder in a direction transverse to the movement
of the pistons, pump means connected to the en-
gine cylinder arranged to move the engine cyl-
inder in ifts transverse direction, fue! supply
means for the engine, means at a control posi-
tion for reversing the supply of fuel and for re- .
versing the operation of said means when it is
desired to reverse the operation of the engine.

13. An opposed-piston engine according to
claim 9 which comprises a fuel oil pump cylinder
attached to and movable with the engine cylin-
der, and a piston in the cylinder secured in a
stationary position for pumping the fuel oil.

14. An opposed-~piston engine according to
claim 9 which comprises at least two pumps one
mounted on each side of the engine cylinder, and
a set of springs on each side of and attached
to the engine cylinder for aiding in the trans-
verse movement of the engine cylinder.
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