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11 Claims.
The present invention relates to an internal

- combustion engine of the type comprising double-

acting pistons, the motive strokes of which are
transmitted to the motor shaft by means of oscil-
lating levers.

The invention has for it$ object to produce a
motor adapted to operate with heavy oil or petrol,
said motor, particularly intended for aviation,
being very light and permitting the collection by
the power take off shaft of great power with a
reduced linear speed of the pistons.

The motor accprding to the invention is es-

- sentially characterized by its cylinders being ar-
_ ranged according to the sides of a regular poly-

gon and being contained in the same plane, its

- various pistons being connected to the motor
_/shaft by an-oscillating cross head and the power

3 erably- a square.

take off shaft being parallel to the said plane.

In the accompanying drawings glven simply
by way of example:

Fig. 1 is a general view from the side of the
motor, one of the sides of its casing being sup-
posed as being partially removed;

Fig. 2 is a sectional view on line II—II of Fig. 1;

Fig. 3 is a sectional view on line III—III of
'Fig. 2, the cylinder in question being represented
in a vertical position; =~

“Figs.’4 and 5 are, respectively, plan viéws of
the inner face of a eylinder head-and one of the
faces of the corresponding piston;

Fig. 6 is a partial sectional view showing a vari-
ation in the connection of the pistons with the
cross head;

Fig. 7 is a sectional v1ew on line VII-—VII of

Fig. 6; dand
Fig. 8 is & view partly in’ section showmg an-

other embodiment of the connection of the pis-

tons with the cross head and also a device per-

mitting the variation while running of the am-

plitude of stroke of each piston in its cylinder.
According to-the example shown in Figs. 1 to
3, the motor is constituted by four cylinders, A,
B, C, and D, inclined by 45° to the horizontal, so
as to form the four sides of a quadrilateral, pref-
The cylinders, which are all

“in the same plane, are each fixed by means of a
" ‘base, such as { (Fig. 2), on two parallel side pieces
2 and 8 forming ‘with the four bases of the cyl--
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inders, a closed casing 4.

Each cylinder; the cylinder' A, for example,
shown in detail in Figs. 2 and 3; 1s constituted by
a tube 5 fitted in a liner support &, having aper-
tures and preferably made of light metal, said
support being made with partitions or longitudi-

nal ribs 7 so as to constitute a sleeve for the cir-

culation of the cooling agent, preferably air.

The tube § and the support 6 are provided with

a slot 8 permitting as will be presently seen, the

-displacement of a lever or connecting rod at-

tached to- the piston mounted in the cylinder A

(C1, 123—54)

and intended for.the transmission of the move-
ments of the piston to the-motor shaft. . -
The mortice or slot 8 is symmetrical with re-
spect to the central plane of cylinder A.
The cylinder A is provided at each end with a
cylinder head which, in the case of a motor uti-

" lizing heavy oll as fuel, comprises an air admis- -

sion valve 9, an exhaust valve 10, and, between -

the two valves, a fuel injector I{. In order to
insure an intimate mixture between the combusti~
ble and the air, the inner face of the cylinder
head is provided with grooves I2 and I3 (Fig. 4

. made in the form of two spirals of opposite direc-
tion, said grooves breaking up and intermmgling
the bodies of air and atomized fuel.

Within each cylinder is mounted a double act-
ing piston. The four pistons corresponding to
the four cylinders, A, B, C and D, are indicated
respectively on the drawing (Fig. 1) by E, F, G
and H. Each piston delimits within the corre-
sponding cylinder two combustion chambers in-
dicated, respectively, by A’ and A’’, for the cyl-
inder A, B’ and B’’ for the c¢ylinder B, C’ and C’’
for the cylinder C, and D’ and D'’ for the cyl-
inder D.

Each piston- (Flgs 2 and 3) is constituted by
a cylindrical tube {4 closed at its two ends and
is shorter than tube 5. The outer diameter of
the tube §4 is approximately equal to the inner
clearance of the cylinder in which the piston is
mounted. The tight fit between the piston and

~ the corresponding cylinder is obtained by means
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of rings, such as 15, mounted, in the example '

shown, on the piston.

In order to also cooperate in the mixing of the’

fuel and air, the two extreme faces of each pis-
‘ton (Fig. 5) are provided with grooves made in
the form of two spirals 6 and {7, running in
opposite directions.. It is to be noted that the
groove 16 of the face of thepiston runs in a direc-
tion opposite to that of the groove 12 of the cyl-
inder head with which it cooperates. In the
same way, the groove {7 runs in a direction oppo-
site'to that of groove {3.

The wall of the piston is formed on the side of
the slot 8 of the cylinder with an opening {8,
and the said piston is provided on the mside,

36"
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midway of its length, with a cross pin 19 fixed

thereto, intended for its connection with the cor-
responding lever of the transmission mechanism.
In the case of the four-cylinder motor -having
eight combustion:chambers as shown, the four
- levers transmitting the motive strokes of the pis-
"tons E, P, G and H to the motor shaft are con-
stituted by the four arms of a cross head or spi-
der 21, which is mounted so as to be able to oscil-
late about a shaft arranged in the centre.of the
quadrilateral formed by the four cylinders 4, B
C and D.
The connect.ion of each arm of the cross head
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21 with the corresponding piston is obtained by
means of a fork 22 prorvided at the outer end of
each arm and engaging w1th the corresponding
cross pin 9.

The central or motor shaft on which the cross
head 21 oscillates is made in two sections 23 and
24 arranged end to end and mounted by means
of suitable ball bearings in the sides 2 and 3 of
the motor. casing.

As shown (Fig. 2) the cross head 21 is mounted
on the sections of shafts 23 and 24, so that its
hub extends over the inner end of both sections
by a similar amount.” The hub’ of the cross head
21 is made in such manner as to permit the
mounting in position of two ball clutch mecha-
nisms 25 and 26 operating in opposite directions,
said clutches being adapted to alternately connect
the cross head 21 with one or the other of the
two sections 23 and 24 on each oscillation of the
said cross head. In other words, the ball clutches
25 and 26 are so arranged that when the cross
head oscillates in the direction of the arrow 21
(Fig. 3) it actuates the shaft section 23 and when
it oscillates in the direction of the arrow 28 it
actuates the shaft section 24, the ball clutch 25
having its ball wedging surfaces inclined in the

. direction opposite to that of the ball wedging sur-
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faces of clutch 26, as will be readily understood.

The transmission mechanism is completed by
two fly wheels 29 and 30 keyed respectively on
the sections 23 and 24 and each provided with a
toothed rim 31 and 32 engaging with a bevel
pinion 83 keyed on the power take-off shaft 20.
The latter is therefore parallel to the plane of
the cylinders.

It will be easily understood that by virtue of

the arrangement shown whatever the direction

. of oscillation of the cross head 2! the driven
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shaft 20 will always rotate in the same direction,

-the pinion 33 engaging with the two toothed rings

31 and 32 arranged oppositely to each other and
rotating in opposite directions.

In order to regulate the stroke of the pistons
in their cylinders, an arrangement is provided in
connection with each of any two of .the arms of
the cross head 21 extending in opposite directions.

Each of these regulating devices is constituted
by a crank plate 36 with an adjustable crank pin
31 connected to a fixed pin 39 integral with the
corresponding arm of the cross head, by means
of a connecting rod 38. The plate 36 rotates
about a fixed axis, for example, a shaft 36’ ro-
tatably mounted in the casing.

It will be understood that by varying the posi-
tion of the crank pin 37 with respect to the cen-
ter of the crank plate 36 it is" possible to limit
the oscillating movement of the cross head 2f.

The regulation of the movement of the power
take-off shaft is obtained on the one hand by
means of the two fly. wheels 29 and 30 and on
the other hand by means of two fly wheels 41,
each keyed on the shaft 36’ of the corresponding
crank plate. ,

The control of the admission valve 9 and the
exhaust valve 10 corresponding to the same ex-

. plosive chamber is obtained by means of two

cams #2 and 43 keyed on the same shaft which

_ shaft also carries a sprocket.

70
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The driving of the sprocket 44 (to the num-

ber of eight in the example chosen and corre-

sponding to a four-cylinder double-acting motor) .

is effected by .an endless chain 45 itself driven
in rotation by any suitable means.
In order.to prevent accidents resulting, for
example, from 3 breakage of the chain 45, there
\ b
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may be used for the control of the shafts of the

cams 42 and 43, two endless parallel chains 45 ,

each controlling a sprocket keyed on each cam-
shaft.

The motor described is a four-cycle motor. Its
operation is apparent from the preceding de-
scription. By way of example, it will be pointed
out that the sequence of the cycles in the eight

combustion chambers, assuming that chamber A’

is at compression, is as follows:

1st eyele | 2nd cyele | 3rd cycle | 4th cycle
Chamber A’ ... _._...__ Comp... | Adm.
Chamber A’/ _ oo Expo__.. Comp.
Chamber B/__ Comp.._ Adm.
Chamber B/ Exp...-- Comp
Chamber C/_. BExh____. Exp.
Chamber C”’ Adm___. Ex|
Chamber D’__...._._____. Exh____. Ex|
Chamber D"/ ___.______._ Adm___ Ex

There is shown in Figures 6 and 7 a varia-
tion of the connection of the pistons to the cross

—head 21.

In this modification, the piston 14 comprises
an interior boss or shoulder 46. To the piston

14 is secured a rack carrying member 41 for ex-

ample by means of a nut 48 located in the interior
of the boss 46.

. The placing in position of the nut 48 can be
effected by providing an aperture 49 in the liner
support 6 and the tube 5 constituting the cyl-
inder.

The member 47 is provided at its inner end
with a rack 50 ‘engaging with the teeth of a seg-
ment 51 provided on the outer end of each arm
of the cross head. The teeth of the rack 50 are
in a straight line, the teeth of segment 5I being
in a circular line, the center of which coincides
with that of the cross head 21.

The part 41 moving at the same tlme as the
piston 14 imparts through the members 50 and
51 a reciprocating movement to the cross head 21.

In order to-avoid abnormal work of the pistons
in their cylinders, on account of the reaction be-
tween the interengaging teeth tending to deflect
member 471; said member 47 is formed with two
longitudinal extensions 52, each carrying at its
outer end a roller 53 moving onthe rolling path
54 provided on the casing 8 of the cylinder.

It is to be noted that the pin 89 for the con-
necting rod 38 is, in the embodiment shown, car-

ried by the part 47 and not by the cross head 21. -
_In this manner, the stroke of the piston is limited

in" a precise manner unaffected by the possible
play between .the mterengagmg teeth of the
toothed elements 50 and 51.

By virtue of the arrangement described, knock-
ing of the piston against the hottoms of the cyl-
inder at the end of its stroke is avoided. This
method of connection, furthermore, prevents the

" piston from being angularly displaced, due to the

effect of the component of rotation resulting
from the cutting of spiral windings in opposite

"directions on the bottoms of the cylinders.

In the second embodiment shown in Fig. 8, the
connection between the piston 14 and the cross
head 21 is effected by a knuckle joint system., In

‘this case, the end of each arm of the cross head

21 is formed as a spherical element 55 which fits
between two parts 56 and 57 adapted to slide in
a suitable recess 58 made jn the interior of the
piston (4.

To permit varying, whilst running, the ‘ampli-
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tude of the stroke of the pistons in their cylin- ~

ders, each connecting rod 38, connected at one

7
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of its ends to crank pin 37 (not shown) is con-
nected at its other end to a stud 59 carried by a
slide 60 lodged in a groove &l provided on one of
the arms of the cross.head 21{. :

The slide 60 is retained in position by means
of a threaded rod §2 passing through it from
side to side and arranged radially with respect
to the cross head 2{.
62 on the cross head 21 is effected in such manner
that the rod can be rotated while it is restrained
against axial displacement. '

The inner end of .the rod 62.is provided with a
bevel pinion 63 engaging with a toothed rim 64,

‘the axis of which coincides with that of the cross

head 21. -
‘The toothed rim 64 can rotate about its axis,
pbut is connected to the cross head 2! through

- the intermediation of a rod 65. .The latter can

20
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slide in two bearings, 67, 67’ of the cross head 21
and is attached at its inner end to a fixed point
66 of the rim 64. Between the point of attach-
ment 66 and the bearing 61 there is inserted a
spring 68. - .

The displacements of the rod 65 are controlled
directly by the driver of the motor through the
intermediation of a flexible control.

Owing to the arrangement shown, the rim 64
shares all the movements of the cross head 2f

 without affecting the position of the slide 69,

with' respect to the rod 62. ..

On the other hand, when the rod 6% is acted
upon either by traction or by thrust, the toothed
rim 64 is moved with respect to the cross head 21.
According to the direction of movement of said
rim, the threaded rod 62 rotates either fo the
right or to the left, causing either an inward

or outward displacement of the slide 60 and con-.
"sequently a change in the position of the point

of attachment of the connecting rod 38 with
respect to the cross head 21. v

It is thus possible to vary while the motor is
running the amplitude of the movement of the
cross head 21 and consequently the amplitude of
movement of the piston in their cylinder. This
permits of utilizing different fuels for the opera-

tion of the motor and by varying the degree of -

compression to ¢ompensate for the variations of

~ atmospheric pressure when the motor is mounted,

60

for example, on an aircraft. o
The motor according to the invention presents
the great advantage of being free of vibration,

.due to the fact- that only the power take-off

shaft rotates at the rate of speed used, the other
members; in particular the pistons, operating at
a low speed which, furthermore, permits of ob-
taining a complete utilization of the charge,
without compressor. -

The consumption of fuel and lubricant are low,
whilst the exhaust is silent without loss of power.

Naturally, the motor could comprise a greater -
or lesser number of cylinders than four, sym- -

metrically arranged, in a common plane about a
central axis.

. of the oscillating movements of the levers or

o
-

70
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3 connecting rods into a movement of rotation of

the power take-off shaft could -be obtained by

a mechanical transmission different from that

shown. Finally, the motor could be equipped so
as to operate with petrol.

It is obvious that the invention is in nowise °

limited to the embodiment which has been more
especially described by way of example, and

that it extends to all possible modifications com-
ing, fairly, within the scope of the appended’

claims.

The mounting of the rod -

Furthermore, the transformation

3

I claim: . ‘

1. In an internal combustion engine compris-
ing a shaft, an even number of cylinders sym-
metrically arranged in a common plane, said
plane being at right angles t¢ said shaft, a re-
ciprocating piston in each cylinder, and an os-
cillatable member having arms’ operatively as-
sociated with said pistons, mounted on said
shaft, a power take-off shaft, power transmit-
ting means interposed between said -oscillatable
member and said power take-off shaft convert-

ing the oscillatory movement of the former into

a rotatory movement of the latter in a continu-
ous direction, and means for adjusting the range
of oscillation of said oscillatable member. and
pistons, . . .

2. In an internal combustion engine compris-

- ing a shaft, an even number of cylinders sym-

metrically arranged in a common plgne, said
plane being at right angles to said shaff, a re-
ciprocating piston in each cylinder, and an os-

10

15

20

cillatable member having arms operatively asso- .

ciated with said pistons, mounted on said shaft, -
. a power-take off shaft having its axis in the

same plane as the axes of said cylinders, and

28

power transmitting means interposed between . |

said oscillatable member and said power take-
off shaft converting the oscillatory movement
of the former into a rotatory movement of the
latter in a continuous direction.

3. An internal combustion engine comprising
a shaft, an even number of cylinders symmetri-
cally arranged in a common plane, said plane

being at right angles to said shaff, a reciprocat- .

ing piston in each cylinder, an oscillatable mem-
ber having arms operatively associated with said
pistons, mounted on said shaft, a power take-off

'shaft having its axis in the same plahe as the

axes.of said cylinders, means for adjusting the
range of-oscillation of said member and pistons,
and power transmitting means interposed ‘be-
tween said oscillatable member and said power
take-off shaft converting the oscillatory move-
ment of the former into a rotatory movement of
the latter in a continuous direction. -
4. An internal combustion engine comprising
a shaft, an even number of cylinders symmetri-
cally .arranged in a common plane, said plane
being at right angles to said shaft, a reciprocat-
ing piston in each cylinder, an oscillatable mem-

. ber having arms eperatively associated with said

pistons, mounted on.said shaft, a-power take-off
shaft, power transmitting means comprising two

rotatable elements coaxial with said oscillatable '
‘55

member, interposed between said member and
said power take-off shaft, operatively associated
with said power take-off shaft, and a unidirec-
tionally -operative clutech device interposed be-
tween said oscillatable member and each rotat-
able element, adapted to transmit movement
from the former to the latter, said clutch devices
being operative in directions opposite one to the
other. ‘ : o

* 5. An internal combustion engine comprising

@ shaft, an even number of cylinders symmetri-

cally arranged in a common plane, said plane
being at right angles to said shaft, a reciprocat-
ing piston in each cylinder, an oscillatable mem-
ber having arms operatively associated with said
‘pistons, mounted on said shaft, a power take-~
off shaft, power transmitting means comprising
two bevel gears coaxial with said oscillatable

‘

member, one at each side thereof, and a bevel

pinion interposed between -and meshing with.

said gears driving saidt power take-off shaft-for

30
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transmitting movement from said oscillatable
member to said power take-off shaft, and a uni-
directionally operative clutch device interposed
between said oscillatable member and each ro-
tatable element, adapted to transmit movement

from the former to the latter, said clutch de-.

vices being operative in directions opposite one
to the other.

6. An internal combustion engine comprising a
shaft, an even number of cylinders symmetrical-
ly arranged in a common plane, said plane be-
ing at right angles to said shaft, a reciprocating
piston in each cylinder, an oscillatable member
having arms operatively associated with said
pistons, mounted on said shaft, a power take-off
shaft, power transmitting means comprising two
rotatable elements coaxial with said oscillatable
member, interposed between said member and
power take-off shaft, operatively associated with
said power take-off shaft, a unidirectionally op-
erative clutch device interposed between said
oscillatable member and each rotatable element,
adapted to, transmit movement from the former
to the latter, said clutch devices being operative
in directions opposite one to the other, and
means for adjusting the range of oscillation of
said oscillatable member and pistons.

7. An internal combustion engine comprising a
shaft, an even number of cylinders symmetrically
arranged in a common plane, said plane being at
right angles to said shaft, a reciprocating piston
in each cylinder, an oscillatable member having
arms operatively associated with said pistons,
mounted on said shaft, a power take-off shaft,
power-transmitting means comprising two rotat-
able elements coaxial with said oscillatable mem-
ber, interposed between said member and said
power take-off shaft, operatively associated with
said power take-off shaft, a unidirectionally oper-
ative clutch device interposed between said oscil-
latable member and each rotatable element,
adapted to transmit movement from the former
to the latter, said clutch devices being operative
in directions opposite one to the other, and means
for adjusting the range of oscillation of said os-
cillatable member and pistons, said means com-
prising a crank pin rotatable about a fixed cen-
ter, means for adjusting the distance between
said crank pin and said fixed center, and a con-
necting rod extending between said crank pin
and said oscillatable member,

8. An internal combustion engine comprising a

'shaft, an even number of cylinders symmetrically

arranged in a common plane, said plane being
at right angles to said shaft, a reciprocating pis-
ton in each cylinder, an oscillatable member hav-
ing arms operatively associated with said pistons,
mounted on said shaft, a power take-off shaft,
power transmitting means comprising two bevel
gears coaxial with said oscillatable member, one
at each side thereof, and a bevel pinion interposed
between and meshing with said gears driving said

‘power take-off shaft for transmitting movement

.- from said oscillatable member to said power take-

85
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off shaft, a unidirectionally operative clutch de-
vice interposed between said oscillatable member
and each rotatable element, adapted to transmit

movement from the former to the latter, said,
clutch devices being operative in directions op-

posite one to the other, and means for adjusting
the.range of oscillation of said oscillatable mem-
ber and pistons.

2,157,764

9. An internal combustion engine comprising
a shaft, an even number of cylinders symmetric-
ally arranged in a common plane, said plane be-
ing at right angles to said shaft, a reciprocating
piston in each cylinder, an oscillatable member
having arms operatively associated with said pis-
tons, mounted on said shaft, a power take-off
shaft, power transmitting means comprising two
rotatable elements coaxial with sald oscillatable
member, interposed between said member and
sald power take-off shaft, operatively associated
with said power take-off shaft, & unidirectionally
operative clutch device interposed between sald
oscillatable member and each rotatable element,
adapted to transmit movement from the form-
er to the latter, said clutch devices being oper-
ative in directions opposite one to the other, and
means for adjusting the range of oscillation of

10

15

said oscillatable member and pistons, said means |,

comprising a crank pin rotatable about a fixed
center, a connecting rod extending between said
crank pin and said oscillatable member, and
means for varying the distance between the point
of attachment of said rod to said oscillatable
member and the center of oscillation of said
member.

. .10, An internal combustion engine comprising
a shaft, an even number of cylinders symmetric-:

ally arranged in a common plane, said plane be-

ing at right angles to said shaft, a reciprocating '
piston in each cylinder, an oscillatable member |

having arms operatively associated with said pis-

20

tons, mounted on said shaft, a power take-off :
shaft, power transmitting means comprising two

rotatable elements coaxial with said oscillatable
member, interposed between said member and
said power take-off shaft, a unidirectionally op-
erative clutch device interposed between said os-
cillatable member and each rotatable element,
adapted to transmit movement from the former

to the latter, said clutch devices being operative -

in directions opposite one to the other, and means
for adjusting the range of oscillation of said os-
cillatable member -and pistons, said means com-
prising a crank pin rotatable about a fixed cen~
ter, a connecting block carried by and radially
slidable with respect to said oscillatable member,
a connecting rod extending between said crank
pin and said connecting block, a radially directed
adjusting screw mounted on said oscillatable
member controlling the position of said block,
a pinion carried by the inner end of said screw,
an angularly displaceable toothed ring, coaxial
with said oscillatable member, engaging said pin-
ion, and means for controlling the angular ad-
justment of said ring.

11, An internal combustion engine comprising
a shaft, an even number of cylinders symmetric-
ally arranged in a common plane so as to form
the sides of a regular polygon, said plane being

40
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at right angles to said shaft, a reciprocating pis- -

ton in each cylinder, a toothed rack integral with
each piston, an oscillatable member having seg-
mental toothed portions in mesh with said racks,
mounted on said shaft, means for adjusting the
range of travel of said pistons and power trans-
mitting means interposed between said oscillat-
able member and, said power take-off shaft con-
verting the oscillatory movement of the former
into & rotatory movement of the latter in a con-
tinuous direction.
GEORGES RAYMOND LANGROGNET.
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