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This invention relates to improvements in in 
ternal combustion engines and explosion motors. 
The transformation of rotary into reciprocat 

ing motion by means of caims, namely the trans 
- mission of notion from a revolving shaft to re 
Ciprocating pistons by means of cans secured on 
Said Shaft and in engagement with rollers carried, 
by Said pistons, is well known, and has found use 
for instance in pumps and in compressors. 

means is considered as not being mechanically 
efficient. However various devices have been 
proposed for internal combustion engines and 
explosion motors, according to which the pistons 
generally diametrically opposed with relation to 
the shaft, operate by means of rollers mounted 
at the ends of the piston rods, and bearing on 
CanS Secured on the shaft. These engines or 
notorS have not found practical application. 
Generally in engines of this type with diametri 
cally opposed cylinders, diametrically opposed 
pistons are connected in pairs and the two piston 
rods each carry a roller which rolls on the periph 
ery of a can Secured On the shaft. To avoid the 
USe of double cams, one has proposed a single cam 
for the two cylinders; the shape of this cam is 
Such that the line which joins the centers of the 
tWO roller's passes by the axis of the shaft; a 
sinusoidal Speed motion of the pistons may then 
determine a constant angular speed rotation of 
the shaft, 
been contemplated for twin cylinders, it was . 

In all the applications... which have 

necessary to ensure permanent contact of both 
rollers with their common cam; this condition. 
restricted the profile chosen for the cam and re 
quired cams of large dimensions which increased 
the bulk of the engine and did not permit of 
transforming crank-shaft into cam-shaft engines 
Without changing the whole casing. Neither was 
it possible to obtain at the start a powerful motor 

All the cans proposed up to this day. 
and designed for a four-stroke engine have a 
regular profile, the three-quarters of which gen 

torque. 

erally is a portion of a circle. Also in the design 
of these profiles, the notive torque, principally at 
the start, or the heating of the engine, or the loss 
of power in the periods during which the cam is. 
motive With Irelation to the roilers, are not taken. 
into consideration, and none of the solutions pro 
posed up to this day have been found applicable. , 
The present invention is the result of long and - 

quired to transform a crank-shaft motor where 
in Space is limited by the existing casing. 

numerous experiments on newly constructed en 
gines, as Well as on transformed existing motors; 
these experiments have given unexpectedly good 
results, particularly with old engines which hav 

n 
theory the reverse transformation by the same , 

ing been transformed and simplified by the pres 
ent invention have run for thousands of miles, 
With greater efficiency than when they were new, 
noticeably with complete absence of vibrations. 
The invention is designed to be applied more 

particularly to engines with cylinders in a roW, 
each piston acting upon a separate Cam; the 
invention can however be applied to engines with 
radially disposed cylinders, but each piston must 
work independently. The invention is charac 
terized essentially by the fact that the motive 
roller of each piston, that is the roller which 
thrusts against the corresponding can during the 
expansion stroke of the piston, is shifted laterally 
in relation to the straight line Which is parallel 
to the axis of the cylinder and intersects the axis 
of the shaft. . . .: 
In other words, if one considers a piston moV 

able along a vertical line, the shaft being hori 
Zontal, the motive roller is outside the vertical 
line passing through the axis of rotation. This 
can be constructed, either by keeping the axis 
of the piston in the vertical line passing through 
the axis of the shaft and laterally displacing With 
relation to that line the axis of the motive roller, 
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or by mounting the axis of the roller in the axis 
line of the piston which is then displaced later 
ally to the vertical line passing through the axis 
of rotation of the can. Preferably the motive 
roller is combined with a guide roller carried by 
a rigid element Supporting the motive roller, and 
disposed in such a manner, that the cam is lo 
cated between the two rollers; the said guide 
roller can be displaced laterally like the motive 
roller, but in opposite direction. When a single . 
Sided can Surface is used: the Second guide roller 
is necessary, unless there. are two oppositely dis-, 
posed cylinders, in which case the motive roller 
of each piston is a guide roller for the other. 
piston. The guide-roller fulfills several func 
tions: In the first place it produces the admis 
Sion stroke of the piston, secondly it limits the 
exhaust stroke of the piston and prevents same 
from knocking against the piston-head by force 
of inertia. Contrarily to what has been hitherto 
proposed it is not necessary to maintain both 
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rollers in permanent contact. with the cam; con 
tact is sufficient at the ends of the piston strokes 
and this allows to obtain profiles for the cam 
which are much more interesting than those ob 
tained up till now, particularly when it is re 

The said lateral displacement of the motive 
roller-allows to obtain, even. With a predetermined 

50. 
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profile of the cam, a motor torque much more 
powerful at the start; it also allows to establish 
cam profiles which at the start of the downward 
Stroke of the piston (expansion) produce a rapid 

5 displacement of the piston, thereby a quick ex 
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by way of example in the appended drawings 

pansion stroke and gives greater mechanical ef 
ficiency With less heat. Motors according to this 
invention have Worked for Several hours at full 
power Without artificial cooling and have re 
mained comparatively cool. 
The lateral displacement or shift of the motive 

roller enables to obtain an infinite number of 
profiles for the can giving high mechanical ef 
ficiency; it also enables, for a determined length 
Of the stroke, considerably to reduce the space 
required for the cams, and to avoid undesirable 
reactions principally when the cam acts upon the 
rollers for the exhaust, admission and compres 
Sion strokes. 
Concerning the reactions and loss of power due 

to the action of the can upon the rollers, an 
important feature of this invention is that the 
profile. of the cam, in the portion thereof which 
engages, the roller or rollers to force displace 
ment of the piston, is established in such a man 
ner that at each instant the point of contact. 
between the cam and the respective roller is on 
the line described by the centre of the respective. 
roller, or at the utmost on the straight line which 

i joins the centre of the respective roller to the 
Centre of the shaft. . 

Contrarily to what has been done up till now, 
the design of the profile of the cam is devised, . 
besides with the above mentioned conditions, with 

5 consideration of the available space for the cas 
ing, the length of piston stroke, and the diameter. 
of the Shaft. Cams according to this invention: } 
as Well as the manner of obtaining same, and 
the disposition of the rollers have been illustrated 

Wherein: 
Fig. 1: is a schematical view in section of an 

engine of the type considered in this specification, 
Figs. 2 to 6 are profiles of cams with the roll 

erS, and show the manner of obtaining same. 
Ill each case the same stroke of the piston will 

be considered, also a lateral displacement of each 
roller equal to the radius of the rollers, the two 
rollers having the same radius. Also the vertical 
lines passing through the axis of rotation of the 
can and the axis of the motive roller are distant. 
by a length equal to the radius of the shaft. It 
Will be assumed that each roller has a diameter 
equal to the diameter of the shaft, and that both 
rollers move vertically. 

Fig. 1 Schematically illustrates the mounting . 
of a cylinder and piston in relation to the cor 
responding cam. 30 is the casing of the engine, . 
inside which is mounted the power shaft 3. 
The cylinders 32 are mounted in a line above the 
casing; the piston 33 has pivotally connected 
thereto the piston rod 34 which extends right 
into the casing 30 and is provided with a slotted 
portion through which extends the shaft 3 f. The 
slot 35 has an inner width equal to the diameter 
of the shaft and a length equal to the stroke of 
the piston. Preferably the extended portion of 
the piston rod comprises two identical and par 
allel slotted portions disposed on either side of . 
the cam 36 secured on the shaft 3 and rigidly 
connected at both ends. At both ends and out 
Wardly of the slot 35 are disposed the pins on 
which are rotatably mounted the rollers 37 and 38 
rolling on the periphery of the cam 36; the profile 
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of the cam and the exact position of the rollers 
are determined hereafter. 
With reference to Fig. 2, from a point O taken as 

centre, a circle 3 having a radius equal for instance 
to /3 of the piston-stroke is described. The verti 
cal diameter is drawn, and on either side of this 
vertical diameter, at a distance equal to the di 
ameter of the power shaft, the two vertical lines 
l, 2 are drawn. On the left-hand side line , a 
centre 4 outside circle 3 is chosen in Such a man 
ner that a circle 5 described from such a centre, 
with the radius of the motive roller, is tangent to 
circle 3. This circle 5 shows the motive roller 
in the position it will occupy at the instant of 
the explosion, or a moment after. The point 6 
which is at the intersection of circle 3 and the 
vertical diameter being chosen as the apex of the 
cam, the centre of rotation O' of the caim is de 
termined by taking on the vertical diameter, below 
point O, a distance equal to half the radius of 
circle 3, minus is of the stroke of the piston, that 
is 3% of the stroke. 

If One consider the portion of the circle 3 Com 
prised between the point 6 and the point 7 as 
being a portion of the profile of the cam, it will be 
seen that in the position illustrated for the motive 
roller the explosion will develop a pressure of the 
roller upon the cam according to force P at the 
point of contact and directed along the line 4-O 
joining the centres of the two circles. This force 
can be decomposed into a vertical component p 
and a horizontal component pl; each component 
produces a torque given by the moment of the 
component about axis O'. It is immediately ap 
parent that the moment of pl. about O’ is greater 
than the moment of p about O'. The two torques 
being in opposite Senses, the cam will rotate ac 
Cording to p, clockwise, and the Operation of the 
cam by the roller may be compared to a reaction. 
The same operation will take place for the whole 

... portion of the circle comprised between 6 and 7 
On the left, with a resultant torque decreasing from 
6 to 7, and for all the points comprised within said 
portion of circle, with an increased resultant 
torque, that is to say for the profiles of cam com 
prised within the portion 6-7 of the circle, and 
in Which the distance to the centre O' decreases 
from O'6 to O'T. The power receiving portion of 
the cam, that is the portion of the cam engaged 
by the motive roller during the expansion will be a 
curve With a continuously decreasing radius in re 
lation to point O', and which is comprised between 
the half circle 6-7, and a straight line 6-8 end 
ing in a portion of a circle around axis O'. 
The position of the centre of the lower roller 9 

is determined as follows: from a centre taken on 
line there is described a portion () of a circle cor-. 
responding to the lower position of the roller 5; 
from O' as centre there is described a circle having 
a radius equal to the distance between O' and the 
point where the line intersects the circle O. On 
the vertical line 2 there is obtained point? which 
is the point of tangency of the lower roller with 
the can. 
As aforesaid, the non-motive portion of the cam 

must be Such that on all those points the contact 
with the motive roller and with the lower roller 
is on the lines and 2 respectively. In order to de 
termine this curve, from O' a centre with a radius 
O'6 a circle 2 is described; radius O' intersects 
the circle 2 at point 3 and arc 6-3 is divided 
equally, for instance in eight equal portions. Radii 
are drawn through the points of division. On one 
of the lines for 2, eight centres are marked, cor 
responding to the positions of the centre of the 
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2006,498; . 
upper roller after each successive eighth of the 
stroke; the circles, or portions of circles repre 
Senting the roller in the successive positions are: 
drawn as illustrated, and with O' taken as centre, 
the points of intersection of the said circles with 
vertical line for 2 are transferred to the respective: 

illustrated as being formed of an arc of circle 
6, 2, and of a curve 2 -f traced empirically but 
with a radius decreasing from 2f to it. With a 
motive curve of this type, there is no permanent 
contact of both rollers with the cam; the simul 
taneous contact of both rollers only takes place 
at the end of the stroke which is sufficient as the 
lower roller acts only to prevent the piston from 
striking the head of the cylinder at the end of the 
exhaust stroke. When the cam operates the ad 
mission stroke, the upper roller can remain out of 
contact with the cam. - - - - - - - - - If desired, to avoid noise, a permanent contact of 
both the rollers with the cam may be provided; the 
motive portion of the cam is determined accord 
ing to this invention by extending the radii which 
have given the points and 4 to 20. On the 
vertical line are drawn the arcs of circles cor responding to the different portions of the roller 
at each successive eighth of the stroke, and one 
joins point O' with the various points occupied 
by the centre of the roller on the vertical line . 
These lines intersect the respective circles at points 
23, 24, 25 etc. From O' as a centre 23 is trans 
ferred to 27, 24 to 28 and so on, which provides the 
dottedline curve shown in Fig. 2, not very different 
from the full line curve. 
The tracing of curve 6- of the cam has been 

determined whilst assuming a constant speed of 
the piston when the cam operates one of the 
rollers. In the same manner one could deter 
mine a profile:6-- corresponding to the es 
sential condition given above for the forces, but 
which would also ensure a variable speed of the 
piston during the whole stroke or during a por 
tion thereof, by action on the lower roller (ad 
mission) as well as on the upper roller (exhaust 
and compression). The same thing could be 
done for the motive portion of the cam, for in 
stance to allow right at the beginning of the 
explosion stroke a high speed of the piston, which 
tends to increase the mechanical efficiency of the 
engine and to decrease the heating of same. 

Fig. 3 ShoWS an example of a cam profile de 
termined as the full line portion of Fig. 2, but 
with this difference that the radius of the primi 
tive circle 3 is equal, not to 7/8ths of the stroke 
but to the whole stroke. In this case portion 6-7 
of the cam coincides exactly with the left hand 
half portion of circle 3, whereas the nonmotive 
portion of the cam, determined as in Fig. 2 by 
the points f4-5 and under the same conditions 
intersects the circle 3. Such a profile of cam 
ensures an absolutely constant speed of the pis 
ton during the expansion. 

In Fig. 4 a modification has been illustrated, 
according to which the rollers have been dis 
posed the other way round in relation to the axis 
of rotation of the cann, with a different lateral 
displacement for each roller. From the centre 
O, with a radius equal to the 7/8ths of the stroke, 
a circle 3 is described. On the right hand Side 
of this centre and at a, distance equal to half the 
radius of the motive shaft, the vertical line f is 
drawn, whereas the vertical line 2 is drawn on 
the left hand side at a distance equal to 3/2 of 

the radius of the motive shaft. The centre o of 
the shaft is determined as in Fig.2 on the ver 
tical line at equal distance from lines and 2. 
The centre of the bottom roller for the higher; 
position thereof is determined as in Fig. 2, which 
gives, the position 9 in dotted lines. 
Speed during the expansion, the right hand por 
tion 6, of the curve is determined in the same 
way, as before, by dividing the arc 6-3 into 
eight equal portions to obtain points .40, 4, 

It will be seen...that the position of 
the bottom roller. corresponding to the upper, 
position of roller 5 is not 9', but 9. corresponding: 

42 . . . etc. 

to the tangent position in 46, not in ff. The 
point i? constitutes the point of inflexion for the 
connection with the left hand side of the cam 
which, for the major part, is the circle 3 except 
from to 2. It will be verified that the sense 
of rotation is opposite to the sense of rotation in, 
Fig. 2 and that there is a wider range for giving 
advance to the iginition than in FigS. 2 and 3, 
in which the angle of advance can correspond 
to portion 6, 6' at the utmost. In the example 
of Figs... 2 and 3, if it be assumed that the ex 
plosion takes place at the instant the mechan-, 
ism is in the position illustrated, it can be seen 
that at that instant the piston has already com 
menced the downward stroke, whereas in Fig. 4 
it has not yet arrived at the end of the com 

I pression stroke. . . . . . . 
In Figs. 2 and 3, as well as in Figs. 5 and 6, 

the engine always runs with late ignition, whilst 
always giving a direct torque at the instant the 
explosion occurs. This arrangement is specially 
favourable because it completely avoids the vi 
brations due, in engines of the usual type which 
have to work with advance at the ignition, to 
the reaction betwen the vis viva of the piston at 
the end of the compression stroke and the force 
of explosion directed against the former. 

Fig. 5 shows a modification of Fig. 4, accord 

as well as of centre O'. In this case the Sense 
of rotation is reverse as compared, with Fig. 4 
and the engine functions with retardation as in 
Figs, 2 and 3. The portion of the cam that 
acts upon the bottom roller for the admission is 
determined as previously under the same condi 
tions of being tangent whereas the other port 
tion is practically identical to the corresponding 
portion in Fig. 4. The position of the bottom 
roller which corresponds to the upper position 
of roller 5 is again angularly displaced with 
relation to the extreme upper portion 9' of the 
lower roller. 

Fig. 6 gives an example of a cam devised for 
producing a powerful engine torque at the be 
ginning of the stroke or at the explosion, together 
with a rapid descent of the piston at the be 
ginning of the expansion stroke. It will be ob 
vious that these conditions would be best full 
filled by the cam profile 6-8 in Fig. 2, but this 
profile has the inconvenience of producing knocks 
on account of the Successive losses of contact 
between the rollers and the cam. 

3. 

For a 

eight radii successively, which gives the points 45 downward movement. of the piston at constant, 
to 20 which are the required points of the curve. 
In Fig.2 the motive portion of the cam has been 

ing to which the centre O of circle 3 is on the 
right hand side of all the centres, of the rollers 
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In Fig. 6 the motive portion of the cam has 
been determined in Such a manner that for the 
first 72° of rotation of the shaft, the upper roller 
and consequently the piston describes half of the 
stroke, whereas the other half is performed by 
the next 108 of rotation. The other portion of 
the cam is established as in Fig. 2. The profile 
of this cam does not comprise any portion of a 
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motive portion of the cam, a whole series of pro 
files answering to various conditions for the 
cooling of the engine, or for the motive torque 
at various instants of the expansion torque, may 
be devised still producing a uniform speed of the 
shaft. Also the other portion of the cam which 
acts for the admission can, in combination with 
the motive portion, and still answering to the 
condition of tangency, be determined under spe 
cial consideration for the duration or speed of 
the admission stroke. 

Having now fully described my said invention 
what I claim and desire to secure by Letters Pat 
ent is: 

1. Internal combustion engine comprising in 
Combination a power shaft, a piston movable in 
a plane perpendicular to said shaft, a piston rod. 
terminating with a slotted portion, said power. 
shaft being engaged through the slot and the slot 
having a length equal to the stroke of the piston 
plus the diameter of the power shaft and a width 
equal to the diameter of the powershaft, a cam 
Secured on the power shaft, a roller freely rotat 
ably mounted at each end of the slotted portion 
of Said piston rod and rolling on the periphery 
of the said cam whereby said piston operates 
Said power shaft, the two rollers of said piston rod 
being of equal diameter and at an equal distance 
on either side of the straight line which passes 
through the axis of rotation of the cam and is 
parallel to the direction of displacement of the 
piston, the point of contact between the cam 
and the roller which forces displacement of the 
piston by the action of the cam, in said forced 
displacement of the piston, being comprised be 
tween the line described by the centre of the 

i roller and the straight line joining the centre of 
Said roller to the Centre of the Shaft. m 

2. Internal combustion engine comprising in 
combination a power shaft, a piston movable in 
a plane perpendicular to said shaft, a piston rod 
terminatings with a slotted portion, said power 
shaft being engaged through the slot and the 
slot having a length equal to the stroke of the 
piston plus the diameter of the power shaft and 
a width equal to the diameter of the power shaft, 
a can Secured on the power shaft, a roller freely. 
rotatably mounted at each end of said slotted 
portion of said piston rod and rolling on the pe 

2,006,498: 
circle and it will be seen that at the start the 
torque is very powerful. Whilst remaining with 
in the limits indicated in Fig. 2 concerning the: 

riphery of the said cam whereby said piston op 
erates said power shaft, the two rollers of said 
piston rod being of equal diameter and at an 
equal distance on either side of the Straight line 
which passes through the axis of rotation of the 
cam and is parallel to the direction of displace 
ment of the piston, the said cam being excentered 
with relation to the axis of the power shaft, and 
having a portion, corresponding to the explosion 
stroke of the piston, formed of a curve of con 
stantly decreasing radius in relation to the centre 
of the power shaft, from an apex corresponding to 
the beginning of the explosion stroke, to a point 
of minimum radius corresponding to the end of 
the explosion stroke, said cam having another 
portion, whereby it operates the roller for the 
compression stroke of the piston, such that the 
point of contact with said roller is constantly 
on the straight line described by the centre of 
said roller. - . 

3. Internal combustion engine comprising in 
combination, a power shaft, a piston movable in 
a plane perpendicular to said shaft, a piston rod 
terminating with a slotted portion, said power 
shaft being engaged through the slot and the slot 
having a length equal to the stroke of the piston 
plus the diameter of the power shaft and a width 
equal to the diameter of the power shaft, a cam 
Secured. On the power shaft, a roller freely rotat 
ably mounted at each end of the slotted portion 
of said piston rod and rolling on the periphery of 
the corresponding cam whereby said piston oper 
ates said power shaft, the two rollers of said 
piston rod being of equal diameter and at an 
equal distance on either side of the straight line 
Which passes through the axis of rotation of the 
can and is parallel to the direction of displace 
ment of the piston, the said cam for said piston 
having a portion upon which acts the motive 
roller of the piston to force rotation of the power 

; Shaft formed of a portion of a curve comprised 
between a circle excentered with relation to the 
axis of the power shaft and a straight line joining 
the portion of large radius to the portion of 
Smaller radius of the cam, and a portion which 
acts upon the other roller to operate compression 
stroke of the piston, such that the point of con 
tact with the latter roller is comprised between 
the straight line described by the centre of said 
roller and the straight line joining the centre 
Of Said roller to the centre of the shaft. 
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