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My invention relates to a mechanism for use 
generally in such rotatable-piston machines as 
engines or pumps and more particularly in a 2 
cycle barrel engine. The purpose of the mecha 
nism according to my invention is essentially 
to establish a reversible kinematic connection be 
tween a continuous rotary motion and a number 
n of rectilinear reciprocatory motions, n being 
any desired whole number. 
The said mechanism for the establishment of 

a reversible kinematic connection between one or 
several rotatable pistons carried by a ?rst ma 
chine element and a second machine element 
mounted for rotary motion about a main axis 
relative to said ?rst element is characterized 
thereby that said second element comprises at 
least one plane face which is oblique or skew 
relative to said main axis while one or several 
pistons are mounted in said ?rst element for 
reciprocatory and rotary motion along and about 
individual axes distributed around and parallel 
with the said main axis, said pistons being pro 
vided each with a likewise skew end face which 
permanently rests on a corresponding skew face 
of said second element and with a dog which pro 
jects from said end face and is slidably received 
in a groove milled in the skew face of said sec 
ond element. 
Such a mechanism may usefully be incorpo 

rated in the design of many piston machines and 
more particularly of internal combustion en 
gines. 
Further features of my invention will become 

apparent in the course of the following disclosure 
wherein reference is had to the drawings ap 
pended hereto, in which: 

Figures 1 to 4 inclusive are diagrams related 
to the preliminary exposition of what will now 
be referred to as the rotary circle theorem. 
Figure 5 is a diagrammatical longitudinal sec 

tion of a mechanism according to my invention. 
Figure 6 is a similar view taken on line VI—VI 

in Fig. '7, of a Z-cycle 3-cylinder barrel engine 
incorporating a mechanism according to my in 
vention. 
Figure '7 is an end view of the same engine with 

the cylinder block removed. 
Figure 8 illustrates a simpli?ed modi?cation 

of a piston for use in a similar engine. 
Figure 9 is an axial section of an axially bal 

anced engine incorporating my invention, which 
comprises a pair of barrels including ?ve cylin 
ders arranged coaxial each to each. 
Figure 1c shows the piston dog guiding grooves. 
Figure 11 illustrates one of the barrels in cross 

sectional view. 
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Figure 12 is a diagram showing how another 
balanced mechanism incorporating my invention 
could be designed. ' 

A full and preliminary discussion of the afore 
mentioned rotary circle theorem discovered by 
the inventor is deemed to be necessary for a satis 
factory understanding of his invention which is a 
direct application of the same. The said theorem 
may be worded as follows: 
Given a plane represented in Figs. 1 to 4 by a 

circle C rotatable about its centre 0 and given 
a whole number n of planes represented by circles 
C1, C2, . . . Cn rotatable about their centres 01, 
O2, . . . 011 located at the same distance r from 

said centre 0 and'at any desired distances from 
one another and compelled to rotate about their 
own centres at the same angular speed +w as 
said circle C about its own centre 0, it will 
always be possible to ?nd in each of the n rotary 
circles any desired number of points such as M1, 
M2, . . . Mn which will follow a common circular 
path 8 having a radius r partaking of the rotary 
motion of the plane 0 with which it is rigid, and 
this, at an angular speed —o:. 
In the case considered the application of the 

aforesaid geometrical property is contemplated in 
connection with any desired number of circles 
C1, C2, . . . Cu to respective points M1, M2, . . . 

M11 of which one and the same path on the circle 
C is ascribed. For that purpose it is necessary 
and sufficient that with the centres 01, O2, . 
On located at a common distance 1- from O as 
already stated all the vectors 01-M1, 02-M2, 
. . . On-Mn shall be equal in length and assume 
the same original position. This means that 
they will move parallel to one another through 
out their displacements; this means also that the 
n points M1, M2, . . . Mn will move around the 
circumference S having its centre at A and r for 
its radius, which circumference partakes of the 
rotary motion of plane C about the centre 0 and 
the angular velocity of which is +0.», at a relative 
angular velocity —-w. 
This fact is evidenced by Fig. 1 which clearly 

shows that the quadrilaterals O—-O1—M1—A, 
O—O2—Mz—A, . . . O—-On—Mn—A are linked 
parallelograms. It will also be appreciated that 
as many series of, n points such as M1, M2, . . . Mn 
may be provided, to each of which corresponds a 
circumference similar to S, which are equal in 
radius to r while their centres A are de?ned in 
each particular case by a vector O—A which is 
equal and parallel to all the vectors O1—M1, 

. . On—~Mn belonging to the same 
series of "n points although said vectors O—A 
may be unequal from one series to the other. 
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Fig. 2 gives an example of two series of n points 
M1, M2, . . . Mn and N1, N2, . . . N11 which re 

spectively describe the circular paths S and T, 
the vectors in the one series being unequal to 
those in the other. 
Reference will now be had to Fig. 3. It will 

be assumed that the rotary plane of the ?rst 
circle C already referred to is materialized as 
a ?rst disc and the rotary planes of the n circles 
C1, C2, . . . Cn distributed around the common 
centre 0 as as many discs having their plane 
faces in contact with that of said ?rst disc in 
the plane of Fig. 3 and that the n points M1, 
M2, . . . Mn are replaced by and materialized 
as as many cylindrical dogs having a diameter 
d and arranged at right angles to the plane of 
the ?gure, it will be appreciated that disre 
garding the necessary clearances the circum 
ference S can be materialized as an annular 
groove having a width at and a suflicient depth 
which is milled in the face of said disc C and by 
which each dog M1, M2 . . . Mn is guided at a 
relative angular velocity —w. 

It will likewise be appreciated that if inv ac 
cordance with Fig. 2 a further series of n dogs 
N1, N2, . Nn-the diameter 6 of which may 
not be equal to d—be suitably arranged and 
carried each by one of the aforesaid discs C1, 
C2, . . . C11 the said dogs will likewise be guided 
at an angle velocity —-w in a circular path by an 
annular groove T having a width 6 and the same 
radius ras S and which is likewise milled in 
the disc C; in fact, any desired number of series 
of_n dogs co-operating with as many grooves 
may be provided. 
From the foregoing, it will readily be under 

stood that the operative connection at a com 
mon angular speed +60 between the disc C and 
the n discs C1, C2, . . . Cn can be secured in a 
reversible manner through the medium of dogs 
andgrooves by using: 

Either one single series of n dogs M1, M2, . . . 
Mn cooperating with one single groove S, in 
which case however each dog should provide a 
pivot for such arcuate slides as a1, a2, . an 
which are guided in the annular grooves S, and 
this, in order that the crossing of the dead 
centres be ensured; 

Orgseveral series M1, M2, . . . Mn; N1, N2, . . . 
N11; and so on, of 1L dogs co-operating with as ' 
many guide grooves S, T, and so on by which 
a similar common kinematical connection is ob 
tained and the multiplicity of which will en 
sure the crossing of the dead centres. 

Following these considerations which belong 1 
to plane geometry and referring now to Fig. 5, it 
may be conceived that a number n of so-called 
“planet” cylinders are arranged within a so— 
called main cylinder with their axes X1, X2, . . . 
X11 parallel to the axis X of the main cylinder, 
at the same distance from the said axis, sov that 
their sections are related to that of said main 
cylinder just the same as the aforesaid circles 
C1, C2‘, . . . Cr: are related to circle C, and it 
may also be conceived that the said n “planet" 
cylinders have a common plane base which in 
tersects an angle 90° ~{z ‘with the common direc 
tion of- the axes X, X1, Xé, . . . X11. 
_On the basisyof these assumptions it is thus 

true to state that: 
_ (a) If the n+1 cylinders are moved simultane 
ously at one and the same angular velocity +w 
about their respective axes the skew bases of the 
n planet cylinders will at all times remain coin 
cide'nt with the skew base of the main cylinder. 
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(12) Since the skew bases of said planet cylin 

ders will remain parallel with one another it be 
comes possible to keep them permanently in en 
gagement with that of the main cylinder by 
allowing said cylinders to move axially relative 
to the main cylinder, with the result that in addi 
tion to the planet cylinders being rotated at a 
speed +w about their own axes relative to the 
main cylinder which itself rotates at the same 
angular speed +w they will be reciprocated rela 
tive to the same according to a common sinus 
oidal law, the amplitude of which is 27' tana, 
the phase di?erence between the various move 
ments being determined by the angular displace 
ment between the axes of the various planet 
cylinders relative to the axis of the main cylinder. 

(0) Such a simultaneous rotation at a com 
mon angular speed +w oi the n+1 cylinders about 
their parallel axes is a direct consequence of the 
aforementioned so-called rotary circle theorem. 
Effectively, since whatever has been said about 
the latter may rightfully be regarded as its trans 
lation. on such planes of projection as those of 
Figs‘. 1-, 2, 3 and 4 and consequently translatable 
to and valid for any desired skew plane of pro 
jection, which means that each planet cylinder 
as shown in Fig. 5 can be provided with one or 
several cylindrical dogs extending parallel to 
the common direction of the axes and co-ope'rat 
ing with as many grooves milled in the skew base 
of the main cylinder parallel to said common 
axis. 

Generally, one single series of dogs co-operat 
ing with one single guide groove will prove su?i 
cient' on condition as already stated that each 
dog provides a pin for an arcuate slide to rock 
about. At all events, a reliable power trans 
mission is secured in this manner. 

In view of the preceding explanations it will 
be readily appreciated that the mechanism de 
scribed as yet theoretically can usefully be ap 
plied’ to a great many piston machines, e. g. 
engines, pumps, compressors and the like, and 
more particularly to a 2-cycle internal combus 
tion barrel engine into which the low- or high 
boiling fuel may be either sucked or injected. 
The mechanism thus comprises a cylindrical 

member provided with a plane end face which in 
tersects an angle of 90°——a with the axis 0 of said 
member and a coaxial barrel, any one of said 
members being capable of rotating relative to the 
other e. g. at an angular velocity +w; the barrel 
is formed with a number n of bores having their 
axes parallel to the common axis 0 and located 
around the same at the same distance r. Re 
ceived in each of said bores is a piston the plane 
skew end face of which intersects with the axis of 
said piston the ‘same angle 90°-a as does the face 
of said member with its own axis, owing to which 
said piston and said cylindrical member are and 
remain in' engagement with each other at all 
points; projecting longitudinally, i. e. parallel to 
the common axis 0, from the piston skew end 
facesv are‘ one or several series of dogs which are 
arranged in such a manner that all the dogs be 
longing to any particular series shall be guided in 
a particular groove in the skew end face of the 
aforesaid member with or without the medium of 
an arcuate slide pivoted thereon for the purpose 
already stated; where such slides are provided, 
no more than one single series of n pivoted slides 
guided in one single groove will be su?icient. The 
pistons are kept in contact with the skew end face 
of said member by means of a further skew sur 
face parallel with and braced to the same. The 
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said further skew surface extends around the axis 
_0 and engages a further skew end surface paral 
lel with and remote from the main skew main 
bearing surface of the same. 
Reference will ?rstly be had to Figs. 6 and 7 

in which the mechanism according to my inven 
tion is shown in its incorporation to a S-cylinder 
2-cycle engine. 
The engine comprises a ?xed barrel-shaped 

cylinder block I which is rigid with the engine 
frame. Bored in said cylinder block are three 
cylinders 2 the axes V—W of which are parallel 
with and equidistant from the axis Y—Z and an 
gularly spaced by 120°. One single cylinder 2 is 
visible in Fig. 6 since the latter as already stated 
is a longitudinal section taken on line VI-VI in 
Fig. 7. Each cylinder 2 is lined with a sleeve ‘4 
?xedly ?tted therein. Slidably and rotatably re 
ceived in each of the said sleeves is a piston 6, the 
one shown in Fig. 6 occupying its top dead center 
position. The three said pistons 6 as well as their 
respective equipments are wholly similar and so 
are their cycles of operation except they are out 
of phase by 120° relative to one another. 
The motor shaft 5 is mounted in the cylinder 

block I. coaxial with Y—Z in antifriction bearings 
B, 9 adapted to deal with the axial and the radial 
forces as well as with the resulting bending stress 
es. A skew-faced rotary member 1 is secured to 
said shaft 5 coaxial therewith. For the sake of 
conciseness said member ‘I will hereinafter be re 
ferred to as the rotor. It is made up of two parts 
assembled along the centering face H1 in order to 
facilitate the machining of the annular groove 
I I; however the rotor could as well be a one-piece 
part. Anyhow, care is to be taken in designing it 
to ensure that once machined it will be perfectly 
balanced about its axis Y-—Z, for the purpose of 
which it is provided with a recess I2. 
Each piston 6 is rigidly connected with a skew 

sole l3 which may be regarded as delimited in a 
cylinder between two parallel oblique planes l4 
and IS, the slope of which is equal to that of the 
rotor skew face. Consequently, the lower face H! 
of the sole I3 has an elliptical outline and will 
remain in permanent engagement with the like~ 
wise elliptical top face of the rotor 1. Similarly, 
the part I‘! is a cylinder truncated by a plane 
skew face [9 parallel with face l6 and perm-a 
nently in engagement with the annular plane face 
l5 of sole l3. Said part I‘! is rigid with the shaft 
5 and is mounted in an anti-friction bearing l8. 
Its lower face I9 is provided for the positive re 
turning of the piston 6 to its bottom dead center. 
Each skew sole I3 is braced to the related piston 

6 by a tubular rod 26 which as shown is solid 
with the sole although it might as well be secured 
thereto. Each rotary element thus composed of a 
piston and parts carried thereby is balanced as 
well as possible. 
Each rod 20 is mounted for sliding and rotary 

motion in the lining of a guide sleeve 2| solid with 
the cylinder block i and consequently with the 
engine frame. By the provision of such a guide 
the buckling stresses on the tubular rod are effec 
tively counteracted, in addition to which the low 
er chamber 22 which is swept up and down by the 
skirt of the piston becomes available for the com 
pression of the scavenging air. Secured to and 
downwardly projecting from each skew sole I3 is 
a cylindrical dog 23 which consequently is rigid 
with the related piston 55. Pivotally mounted on 
said dog is an arcuate slide which is slidably re 
ceived in and guided by the annular groove ll. 
Said slide also is eifective to counteract radial 
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6 
forces. The pitch circle of the groove H and the 
positions of the various dogs 23 in their common 
groove are de?ned mathematically in accord 
ance with the principles from which the mecha 
nism described in the foregoing is derived. 

This. means on the one hand that the pitch 
circle of said annular groove H is given by the 
orthogonal projection of the intersection of the 
plane skew face [6 of the rotor 1 with a cylindri 
cal surface the axis J-K of which is parallel to 
Y--Z and that its radius is equal to ‘the eccen 
tricity of the axes V—W of the various cylinders 
2 and pistons 6 relative to the axis Y-Z of the 
cylinder block I and on the other hand that the 
eccentricity of the dogs 23 relative to the corre 
sponding axes V—W is equal to that of the said 
axis J—K relative to said axis Y—Z. The planes 
Q through the axes of the pistons 6 and the axes 
of the related dogs 23 are parallel With and ex 
tend in the same direction as the plane U through 
the axis Y-Z of the rotor T and the axis J—K. 
The cylindrical upper portion 2a of the rotor 

l is delimited at its top by a skew end face [6 and 
extends at its bottom in a frusto-conical portion 
25 the slope of which is equal to that of the skew 
end face It in order to diminish as much as pos 
sible the clearance between said frusto-conical 
portion and the soles l3 of the pistons 6 in the 
bottom dead center of the latter. 
The rotor 7 is mounted in a casing 25 rigid with 

the cylinder block l and with the engine frame, 
which casing comprises: 

1. A cylindrical portion in which the cylindri 
cal portion 215 of the rotor "i is rotatably received. 

2. A frusto-conical portion 28 in which the 
frusto-conical portion 25 of said rotor is rotatably 
mounted. 

3. Three portions 25) having the shape of cy1in— 
drical segments in each of which the skew sole it 
of the related piston 6 is rotatably and slidably re 
ceived. _ 

In the up—and-down displacement of each sole 
[3 within the casing 26 a chamber 3% of crescent 
section is swept the volume of Which should pref 
erably be as large as possible and can easily be 
managed .to be larger than the volume displaced 
by the top side of the piston 6 rigid with the sole 
l3 considered. 
Extending around the casing 26 is an annular 

recess 3| into which an air-fuel mixture is fed 
through a duct 23! from any suitable carburettor 
(not shown). The rotor 7 is formed in its bottom 
with a peripheral recess 32 which complements 
said recess 35 to an annular passageway. The 
rotor l is formed moreover with a pair of inlet 
annular groove sections 33, 3!! leading from and 
to the outside of the frusto-conical surface 25 of 
rotor l. The major cross-sectional dimensions of 
the grooves 33, 3-45 are directed at right angles to 
the major cross-sectional dimension of the recess 
32. The groove 33 opens into the recess 32 while 
groove 34 is blind. For the sake of readability 
said grooves 33, 35 as shown in dot-and-dash lines 
in Fig. 6 are assumed to occupy a position which 
is displaced by an angle of 90° around the axis 
Y-Z relative to their actual position which is the 
one corresponding to the top dead center of the 
piston 6 shown in Fig. 6; actually, said grooves 33, 
351 occupy the position shown in Fig. '1. The 
length of each of the groove sections 33, 3d meas 
ured on its pitch circle is slightly less than one 
half of their mean circumference minus the 
length of the arc of equal radius which is com 
prised in any one of the equal crescents in the 
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shape of which the sections of the chambers 35 
are delimited (see Fig. 7.) 
The casing 25, which as already stated is rigid 

with both the cylinder block I and the engine 
frame, moreover comprises three identical sets 
of successive passageways 35, 35, 3?, 38, 39, 45 
each of which is assigned to one of the cylinders 
8. For the sake of clarity Fig. 6 only shows those 
passageways which belong to one of the three 
cylinders. As to those which actually belong to 
the cylinder shown, they are angularly displaced 
by 120° relative to the ones shown and are indi 
cated in Fig. 7 . 
The passageways 3.; start from a place on the 

frusto-conical surface 23 of the casing 26 which is 
located opposite the path of the groove sections 
33, 34 milled in the frusto-conical surface 25 of 
the rotor 'i. Said passageways 35 communicate 
with the passageways 36, 37, 38, 39, 45 which lead 
through an intake port 4! provided in the sleeve 
4 of the related cylinder 2 and divided by a bar 42 
intended to facilitate the crossing of the port by 
the piston split rings. The shape and position of 
the intake port 4! are so chosen that the flow of 
the mixture therethrough can take place as em 
ciently as possible in view of the composite sliding 
and rotary motion of the piston 5 within the cyl 
inder. 
Provided likewise in said sleeve 4 is an air 

intake port 63 which communicates with the open 
air through a passageway 243. The sleeve 4 is 
provided with a bottom aperture 54 and-a top 
aperture 48 which communicate with each other 
through a passageway 45 provided in the cylinder 
block I. 
In addition, an exhaust port 59 is provided in 

cylinder 2 which leads to an exhaust pipe 253. 
Cut in the top edge of the piston are a pair of 

diametrically opposite bevel notches 4T, 43. 
Although a rather good seal is obtained between 
the piston and its cylinder owing to the combined 
rotary and reciprocating motion of the one rela 
tive to the other, it is made still more reliable by 
the provision of packing rings 49 which however 
should be retained from creeping around by 
means of stop studs in view of the rotary motion 
of the piston. 
Many modifications of the piston may be 

contemplated. Thus, in the embodiment shown 
in Fig. 8, the piston is provided with a broad ring 
56 slit at 5!, arrested by a stud 52 and provided 
with the aforesaid ports 41, 48. 
A sparking plug 53 connected through a lead 

54 to an ignition device (not shown) is screwed 
through the head of each cylinder 2. 
The operation of the engine described here 

inbefore is as follows: 
It will be assumed that the rotor 1 provided 

with the annular guideway or groove i l and car 
ried by the shaft 5 is rotated about the axis of 
the latter in the casing 23; the slide 3 will be 
caused to move along the guide groove ll while 
rotating about the dog 23, whereby said dog in 
turn will cause the related piston 6 to rotate 
within the sleeve 4. During this movement the 
sole l3 rigid with the piston is positively kept 
parallel with the skew face of the rotor 1 as 
explained hereinbefore and consequently in en 
gagement therewith. This is true of every one 
of the three pistons 3 and parts 13, 23, 3 carried 
thereby. 

Conversely, if the pistons 63 be urged succes 
sively towards their bottom dead centers, they 
will be caused to rotate about their own axes and 
at the same time will cause the rotor l and the 
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shaft 5 rigid therewith to rotate about the axis 
of the latter, which means that the whole mecha 
nism is reversible. 
From the carburetor the air-fuel mixture is 

led through the pipe 23| into the recesses 
31-32 and the groove section 33, and this, ir 
respective of the angular position of the rotor 
‘I relative to the axis of its shaft 5. 
The way in which the air-fuel mixture is sup 

plied to any particular cylinder will now be de 
scribed from the moment when the piston there 
in occupies its bottom dead center position. 
The uniform rotational motion of the rotor ‘I 

about the axis of its shaft 5 causes the piston 
6 to ascend while rotating within the sleeve 4 
towards its top dead center and consequently the 
sole I3 to suck mixture into chamber 30 through 
the groove section 33 the angular extension of 
which has been speci?ed in the foregoing and 
which remains in communication with said 
chamber 30 for about one half of a revolution 
of the rotor, that is, for the entire suction stroke 
of the piston 6. 
At the beginning of the second half of the 

revolution the groove section 33 clears the 
crescent-sectioned chamber 30 (see Fig. '7); in 
stead, the blind groove section 34 is now in com 
munication with said chamber 30; during this 
second half of the revolution the piston 6 and the 
sole I3 rigid therewith are moved in corkscrew 
motion towards the bottom dead center position 
of the piston while forcing the mixture from 
chamber 30 towards the groove section 34 and 
thence towards the passageway 35 in the related 
cylinder 2, which passageway at that time is 
swept by said groove 34. The mixture is thus 
forced through the passageways 35, 36, 31, 38, 
39, 40 and ports 4| in the cylinder 2 in the di 
rection shown by the arrows at the time when 
the notch 48 in the top of piston 6, which goes 
on moving in corckscrew motion towards its 
bottom dead center, come into register with and 
uncover the ports 4|. 
Once the piston has reached its ‘bottom dead 

center and closed the port 4| it will force the 
mixture into the combustion chamber in its re 
ascending stroke at the same time as the sole [3 
will suck a new charge into chamber 30. 
The expansion and scavenging processes will 

now be described. 
A little while before piston 6 reaches its top 

dead center position the sparking plug 53 will 
ignite the compressed charge, after which the 
piston moves past its top dead center. By that 
time the piston skirt has already uncovered the 
port 43 leading scavenging air into the bottom 
chamber 22 as shown by the arrow 0. As the 
piston moves downwards its skirt closes said port 
43 and the air already sucked therethrough 
into said chamber 22 is compressed therein by 
the lower side of said piston. 
As the piston 5 goes on moving downwards the 

notch 41 in its top edge comes into register with 
and clears the exhaust ori?ce 59; however, a 
little while after the said ori?ce 53 began to be 
uncovered, the companion notch 48 in the piston 
top edge will uncover the port 46, as a result of 
which the air previously compressed in chamber 
22 will rush through the aperture 44 and pas 
sageway 45 as shown by the arrows h and through 
the port 43 into chamber 22 to blow the com 
bustion gases therein out of the same through 
the exhaust ori?ce 59 as shown by the arrow 7'. 
The fact should not be overlooked in the fol 

lowing that the piston in its corkscrew motion 
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within its cylinder is reciprocated according to 
a sinusoidal law while its rotary motion is 
throughout uniform. 
At the same time as the notch 41 clears the 

ori?ce 59 which thenceforth will be closed by 
the solid portion of the piston the notch 48 sim 
ilarly clears the port 45 which thenceforth will 
be similarly closed. Immediately thereafter the 
notch 48 will uncover the port 4| through which 
the mixture is thus allowed to flow; the piston 
then reaches its bottom dead center, the port 4| 
is once more covered by the piston and the afore 
described cycle of operation is repeated. 
The doing away with any overlapping of the 

intake with the exhaust phases is made possible 
owing to the fact that the angular speed of the 
piston remains constant even as the latter 
reaches its bottom dead center. Effectively, this 
is the reason why port 4| will not be uncovered 
until after the ori?ces 46, 53 have been closed, 
although said port is arranged substantially on a 
level with said ori?ces. 
A ?rst and capital advantage of the mechanism 

according to my invention in its application to a 
2-cycle engine is that it does away with the draw 
backs involved by the overlapping of the intake 
period and the exhaust period and inherent to 
every conventional 2-cycle engine. A further ad 
vantage resides in the fact that such a mecha- 
nism makes it possible to design highly super 
charged and plentifully scavenged engines. Still 
a further advantage is afforded by the fact that 
owing to the “corkscrew” motion of the piston the 
various ports can be shaped, dimensioned and 
located in such a manner that intake, exhaust 
and scavenging shall begin and end at the most 
favorable times. 
As already stated, the cycle of operation thus 

described in connection with one particular en 
gine cylinder remains exactly the same in the 
cases of the two others, except they are out 
of phase by 120° relative thereto. The supply 
grooves 33, 34 are common to the three supply 
systems the passageways 35 of which however 
are angularly spaced by 120°, as already pointed 
out, around the frusto-conical portion 28 swept 
by the ori?ces of said gooves 33, 34. 
Of course, the mixture supply system may be 

designed in a great many different manners. 
Thus, as far as the scavenging air intake aper 
ture 43 is concerned, the piston skirt might be 
provided with a port adapted in the ascending 
corkscrew motion of the piston to move along 
and remain in register with a sinusoidal slit 
milled in the cylinder wall, whereby the ?lling of 
cylinder 22 would be ensured for substantially 
the whole extent of the stroke. 

Instead of using one single aperture 43 in the 
piston to take care now of the intake and now 
of the scavenging it is also optional to use two 
separate apertures adapted to register with the 
ori?ces 46 and 4I respectively, same being cor 
respondingly located in the cylinder. 
In the embodiment described hereinbefore the 

chamber 33 serves for both the suction and the 
delivery of the mixture while the chamber 22 
serves for both the suction and the delivery of 
the scavenging air. Their functions might as 
Well be interchanged, when aperture 43 would 
be connected with the carburetor and the duct 
23I would be opened to the outside; of course, 
the shape and location of the various apertures 
in the cylinder would also have to be altered cor 
respondingly. 
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It might as well be contemplated to do away 

with the scavenging process and consequently 
with the scavenging air chamber 22 and the re 
lated apertures, in which event it would only be 
necessary to use a piston similar to the one shown 
in Fig. -8, this resulting in a simpli?cation of the 
engine design. 

It has been assumed that the engine is sup 
plied with an air-fuel mixture delivered by a 
carburetor and is provided with ignition means. 
Since such an engine can be highly supercharged 
and plentifully scavenged, it can be arranged to 
work on injected fuel which may or not be 
ignited positively depending on whether it is of 
low or high boiling point character. 
The fuel may be injected into a passageway 

leading to either the aperture 4| or to aperture 
46 where it is of low boiling point character or 
it may be injected into the combustion chamber 
itself. An engine of the kind described can be 
run quite advantageously on injected heavy fuel. 
Anyhow, every engine involving the use of the 

power transmission principle according to my in 
vention can be so designed as to work in a per 
fect state of balance, for which purpose it is only 
necessary to duplicate the mechanism in such a 
manner that it is symmetric relative to a median 
plane at right angles to the common longitudinal 
axis. With this end in view, a pair of barrel 
shaped cylinder blocks of the kind described may 
be arranged opposite one another to drive one 
common shaft. 

Figs. 9, 10, 11 illustrate such a balanced ar 
rangement as applied in the simple case of a 
ll-cycle engine composed of a pair of opposite 
barrels I22, I23 each of which comprises a set of 
?ve cylinders I24, I26. 
The said Figures 9, 10 and 11 clearly show that 

the rotor I21 is formed with oppositely inclined 
working faces I28, I29 adapted to co-operate 
with the similarly inclined faces I3I, I32 of the 
pistons I33, I34. The pistons I33, I34 are held 
in sliding engagement with the skew faces I28, 
I29 of said rotor I21 by means of keeper mem 
bers I36, I31 rigid with the shaft I33 and conse 
quently with the said rotor I21. 

It has already been stated that in order to posi 
tively compel each piston sole to revolve and 
rotate in parallel motion same may be provided 
with one or more dogs guided with or without 
the aid of an arcuate slide in as many grooves 
such as I43, I44, I48 provided in the skew faces 
I23, I29 of the rotor I2l. At any rate, where 
each piston is provided with a plurality of dogs 
such as E39, I4I, I42, same should preferably 
be unequal in length and be guided in grooves 
of corresponding depths in order that at each 
groove crossing each dog shall remain in the 
groove assigned thereto. 
As shown diagrammatically in Fig. 12, a similar 

“?at-twin”-like, i. e. axially balanced system may 
be obtained by arranging a twin cylinder block 
l4'I between a pair of rotors I48, I49 having their 
respective inner skew end faces I5I, I52 inclined 
in opposite directions. 
The numerous advantages and the simpleness 

of my motion-converting mechanism will appear 
quite evidently from the foregoing. Where it 
is limited to one single piston working in one 
single cylinder it will perform the same function 
as a single-rod single-crank motion-converting 
mechanism, which makes it suitable for many 
uses, notably where more than one cylinder are 
provided. 
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Above all, the mechanism described affords the 
following main advantages: 

(:1) Owing to the combined rotary and sliding 
motion which occurs between each piston and 
the related cylinder, each piston skew end face 
and the rotor skew end face, each dog or slide 
and the walls of the related guide groove, fric 
tion is lessened quite considerably, so that the 
mechanism remains reversible even where the 
plane of the skew surfaces relative to the direc 
tion of the reciprocatory movement is substan 
tially higher or less than ‘15°. 

(12) The reactions consequent to the oblique 
ness of the skew piston and rotor surfaces are 
taken care of to a large extent by dogs or the 
arcuate slides carried thereby. 

(0) Owing to the corkscrew motion of each 
piston in its cylinder bored in a ?xed barrel-like 
cylinder block no pop valves are necessary and 
both intake and exhaust are set once for all. 

((1) In the case of a liquid-operated machine, 
which may be either a pump or a motor, the 
rotatable member may as well be the casing while 
what has been referred to as the “rotor” may 
be ?xed, and the distribution may here again 
be taken care of without the aid of pop valves, 
when the plane face of the casing remote from 
the skew face would rotate in contact with the 
related plane face of a cover provided with ports 
arranged in a well-known manner. 

(e) Owing to the fact that the number of 
cylinders may be chosen as desired, a great many 
different single- or multi-cylinder machines can 
be designed, notably of the so-called “?at-twin” 
type or in which a considerable number of cyl 
inders are crowded around and parallel to a com 
mon shaft, which is particularly valuable in air— 
craft engineering. 

(1) A perfect radial balance of all the rotary 
members can always be obtained 

(9) Rods and crankshafts are done away with 
altogether. 

(h) A perfect balancing of the thrusts de 
veloped in the machine can likewise be secured 
by arranging a pair of cylinder blocks at either 
side of one single rotor formed with symmetri 
cally inclined skew working faces co-operating 
with the set of pistons reciprocated in the related 
cylinder block. 
\Vhat I claim is: 
1. A mechanism for obtaining a reversible 

operative connection between any desired num 
ber of pistons mounted for both reciprocating 
and rotary motion in a ?rst machine element 
and a second machine element mounted for 
rotary motion relative to said ?rst element, 
wherein said second machine element has at 
least one plane end face which is inclined rela 
tive to the main axis of the machine, said ?rst 
machine element has at least one set of any 
desired number of cylinders having their axes 
directed parallel to and located at the same dis 
tance from said main axis and having one of 
said pistons mounted in each of them, each 
piston having an oblique end face adapted to 
co-operate with the related and correspondingly 
oblique end face of said second machine elemer , 
means to keep the oblique end faces of said pis 
tons in sliding engagement with the related ob 
lique end face of said second element, at least 
one dog projecting from the oblique end face of 
each piston parallel to said main axis and as 
many circular dog-guiding grooves in the related 
end face of said second machine element co 
operating with the related set of pistons as dogs 
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are present on each piston end face and extend 
ing likewise parallel to said main axis. 

2. A mechanism for obtaining a reversible 
operative connection between any desired num 
ber of pistons mounted for both reciprocating 
and rotary motion in a ?rst machine element and 
a second machine element mounted for rotary 
motion relative to said first element, wherein 
said second machine element has at least one 
plane end face which is inclined relative to the 
main axis of the machine, said ?rst machine 
element has at least one set of any desired num 
ber of cylinders having their axes directed par 
allel to and located at the same distance from 
said main axis and having one of said pistons 
mounted in each of them, each piston having an 
oblique end face adapted to co-operate with the 
related and correspondingly oblique end face of 
said second machine element, means to keep the 
oblique end faces of said pistons in sliding en 
gagement with the related oblique end face of 
said second element, at least one dog projecting 
from the oblique end face of each piston parallel 
to said main axis and as many circular dog-guid 
ing grooves in the related end face of said sec 
ond element co-operating with either end face of 
said second element co-operating with the re 
lated set of pistons as dogs are present on each 
piston end face and extending likewise parallel 
to said main axis, the lines joining the axes of 
the pistons to the axes or the related dogs being 
parallel with and equal to those which join said 
main axis with the related centres of the circular 
dog-guiding grooves and being directed simi 
larly. 

3. A mechanism according to claim 1 wherein 
arcuate slides are pivoted on the dogs, which in 
turn are guided in the grooves in said second 
machine element instead of said dogs. 

4. A mechanism according to claim 1 where 
in each piston is provided with a plurality of un 
equally long dogs guided in correspondingly deep 
grooves. 

5. A mechanism for obtaining a reversible 
operative connection between any desired num 
ber of pistons mounted for both reciprocating 
and rotary motion in a ?rst machine element 
and a second machine element mounted for ro 
tary motion relative to said ?rst element, where 
in said second machine element has at least one 
plane end face which is oblique relative to the 
main axis of the machine, said ?rst machine 
element has at least one set of any desired num 
ber of cylinders having their axes directed par 
allel to and located at the same distance from 
said main axis and having one of said pistons 
mounted in each of them, each piston having an 
oblique end face adapted to co-operate with the 
related and correspondingly oblique end face of 
said second machine element, a cylindrical sole 
with parallel plane oblique end faces rigid with 
the oblique end of each piston and larger in di 
ameter than the latter co-operating with the re 
lated oblique end face of said second machine 
element and rotatably ?tted in a cylindrical re 
cess with an oblique plane bottom milled in and 
parallel with the oblique face of said ?rst ma 
chine element adacent to the related oblique face 
of said second element, at least one dog project 
ing from the oblique end face of each sole parallel 
to said main axis and as many circular dog 
guiding grooves in the related end face of said 
second machine element adapted to co-operate 
with the related set of pistons as dogs are pres 
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ent on each sole and. extending likewise parallel 
to said main axis. 

6. In an internal combustion engine incor 
porating a mechanism as claimed in claim 5, the 
provision in the cylinders of said engine of ports 
communicating with distribution means and in 
the related rotary pistons of notches adapted to 
co-operate with said ports. 

FRANCIS EMILE MYARD. 
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