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7 Claims. (CL. 123—46)

The present.invention relates to a regulation device for
a free piston internal combustion engine provided with
means for reducing the flow of fuel fed to the engine
when the free piston tends to move beyond an outer dead
center limit position thereof.

The invention is more especially concerned with a regu-
lation device for a free piston internal combustion engine
the piston of which is rigid with the plunger or piston of
a hydraulic generator or pump connected through a closed
circuit with at least one hydraulic receiver or motor so as
to form a hydraulic transmission.

One object of the invention is to provide a device of this
kind where the engine free piston is given a substantially
uniform length of stroke by regulating the rate of feed of
fuel to said engine.

The present invention further relates to a regulation
device for a free piston internal combustion engine the
piston of which is rigid with a plunger of a hydraulic
generator connected through a closed circuit with at least
one hydraulic receiver to form a hydraulic transmission,
such a regulation device including means for reducing
the flow rate of fuel fed to the internal combustion engine
when the free piston of said engine tends to move beyond
an outer dead center position thereof.

An object of the present invention is to provide a device
of this kind such that it determines a substantially uniform
length of stroke for the free piston by exactly regulating
the fuel feed flow rate, account being taken of all the
factors of operation and in particular of the number of
reciprocations per unit of time, of the load of the engine,
and possibly of the discharge pressure of the generator.

Preferred embodiments of the present invention will be
hereinafter described with reference to the appended draw-
ings, given merely by way of example, and in which:

FIG. 1 represents, with portions shown in elevation
and portions in axial section, a power plant with a hy-
draulic transmission made according to the invention;

FIG. 2 shows, on an enlarged scale, the regulation de-
vice of the free piston engine of FIG. 1; and

FIG. 3 shows a detail modification.
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' “The following description will be supposed to apply ..

to the case of a hydraulic transmission power plant for an
automobile vehicle.

The system comprises the following elements:

(a) An internal combustion engine A;

55

(b) A hydraulic generator (or pump), preferably in-

cluding two opposed groups each comprising a cylinder
1, a plunger (or rod) 2, a suction valve 3 and a delivery
valve 4, said hydraulic generator being driven by engine
A, as it will be hereinafter explained;

(c) A receiver, or hydraulic motor, B, the intake of

60

which is connected, through pipes 5, with the delivery ’

valves 4 of the hydraulic generator and the delivery of
which is connected, through pipes 6, with the suction
valves 3 of said hydraulic generator, said receiver B being
coupled with the delivery wheels (not shown) of the
vehicle; : :

(d) Two damping chambers C and D communicating
with each hydraulic generator cylinder 1, respectively up-
stream of the suction valve 3 and downstream of the de-
livery valve 4 thereof; and
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(e) A holding chamber E connected to each of the
cylinders 1 of the hydraulic generator between valves 3
and 4 so as to receive a variable portion of the liquid
delivered on every cycle from said cylinder 1, thus deter-
mining the ratio of transmission between engine A and
receiver B.

The axes of the three chambers C, D and E are disposed
in star-shaped arrangement about the geometrical axis
of each cylinder 1 and preferably, as shown, in a plane
intersecting this cylinder. In FIG. 1 the cross section plane
for the upper part of the drawing is the same vertical plane
and therefore shows both of the chambers D located on
the right hand side and on the left hand side, respectively,
whereas the cross sections corresponding to the lower por-
tion of FIG. 1 are made, respectively for the right hand
side and the left hand side, through two planes symmet-
rical with respect to said vertical plane and making be-
tween them an angle of 120° so that the left hand portion
shows a chamber E and the right hand portion a cham-
ber C.

The internal combustion engine A is of the double
action type and includes a single free piston 7 mounted
in a cylinder 8 having two cylinder heads 9. This piston
7 carries, fixed thereto on each opposite side thereof, a
plunger or rod 2 and the hydraulic generator cylinders 1
cooperating with said plungers 2 are provided in blocks
10 rigid with cylinder heads 9. The whole of cylinder 8,
cylinder heads 9 and blocks 10 is arranged to be freely
oscillatable about its axis in a direction opposed to that in
which oscillates the whole of piston 7 and plungers 2. The
internal combustion engine intake pipes are designated by
reference numeral 11 and the exhaust pipes by 12, the
corresponding ports being controlled by piston 7.

Each of the holding chambers E comprises a bell-shaped
shell 40 and a movable or deformable partition 43 which
separates the inside of said shell 40 into two chambers 41
and 42, chamber 41 being connected permanently with the
portion of the corresponding cylinder 1 between valves 3
and 4, whereas chamber 42 is placed in communication,
at the end of every suction stroke of plunger 2, with a
source M of gas under variable pressure, in a manner
which will be hereinafter explained. Deformable partition
53 consists of a membrane engaged on a perforated rigid
tube 44 fixed in shell 40 coaxially therewith. Membrane
43 carries, fixed to the bottom thereof, a check valve 45
the seat 46 of which is rigid with shell 40 and is inter-
posed between chamber 42 and gas source M. To the bot-
tom end of tube 44 there is fixed an ogive 47 in the bottom
portion of which there is provided a cylindrical housing
communicating through a passage 48; with chamber 41
and accommodating a piston 48 subjected to the action
of a spring 49 and bearing against the bottom of mem-
brane 43, so that check valve 45 closes during the delivery
stroke of plunger 2 as soon as the pressure of oil in cham-
ber 41 is equal to that of the gas present in chamber 42
and reopens during the suction stroke of plunger 2.

Thus, on every cycle, the first portion of the liquid
delivered by a plunger 2 is admitted into chamber 41,
which causes membrane 43 to expand and compresses the
gas present in chamber 42, check valve 45 being then
closed. Then the respective pressures on the opposed sides
of delivery valve 4 become equal. Delivery valve 4 then
opens and the second portion of the liquid driven by
plunger 2 is discharged past said valve 4. The power sup-
plied to receiver B and the ratio of transmission depend
upon the respective values of the two above mentioned
liquid portions and therefore upon the pressure of source
M. During the next suction stroke of plunger 2, the
energy corresponding to the compression of gas in cham-
ber 42 is restored to said plunger 2. Then check valve
45 reopens.
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The fuel feed device of internal combustion engine A
is made as follows:

On either side of piston 7 there is disposed, inside a
tubular sheath 14, fixed with respect to cylinder 8, a meter-
ing member 15 consisting of a rod 15a provided with two
heads 156 and 15c¢ adapted to slide, with a limited am-
plitude, in fluidtight contact with the inner face of sheath
14 and with a surface in line therewith provided in a
cap 16 fixed to block 10. The cross section S of the head
15b nearer to cylinder 8 is greater than the cross section s
of the other head 15¢ and it is acted upon, on its surface
farthest to said other head (on the left hand side in FIG.
2) by the pressure existing in the compression chamber 34
of cylinder 8.

A fuel feed pipe 18 for fuel under pressure, provided
with a check valve 19, opens into the annular space 17
between sheath 14 and the rod 15a of metering member
15 (extending between heads 155 and 15¢).

Sheath 14 is located inside a tubular sleeve rigid with
piston 7 and capable, when piston 7 is nearing its outer
dead center position, of opening orifices 21 and 22 pro-
vided.in sheath 14 so as thus to connect the annular space
17 with the internal combustion engine compression
chamber 34.

Said tubular plunger 2 includes, on its inner wall, a
sleeve 26 secured thereto by means of a nut 20, the inner
edge of said sleeve 26 being located clearing orifices 21, 22
when the internal combustion engine piston 7 is in its
outer dead center position toward the right hand side of
FIG. 2. Means are provided for making fluidtight, on the
one hand, the surfaces of contact (without relative slid-
ing displacement) between the inner wall of plunger 2
proper and the outer wall of sleeve 26 and, on the other
hand, the surfaces of contact (with relative sliding dis-
placement) between the inner wall of sleeve 26 and the
outer wall of sheath 14, so as thus to separate from each
other the fuel circuit and the liquid transmission circuit.

In order to limit the displacement of metering member
15 with respect to fixed sheath 14, there is provided, on
the one hand, at the end of the big head 15b, a flange 27
projecting to the outside of sheath 14 and, on the other
hand, at the end of the small head 15¢, a washer cooperat-
ing with an abutment, said washer being designated in
FIG. 2 by reference numeral 28a for the hydraulic gen-
erator on the right hand side and by reference numeral
28D for the hydraulic generator on the left hand side.

In order to permit the pressure existing in the compres-
sion chamber 34 of cylinder 8 to be transmitted to the
big head 15b, there is provided at least one passage 31
connecting the external surface of piston 7 with the in-
side of tubular plunger 2, this passage being provided in
an axial plane and being slightly inclined, as shown by
FIG. 2, so as to open tangentially to the curved end face
of piston 7.

As shown, there is further provided, in the wall of
tubular plunger 2, at least one fuel injection passage 32
positioned to open opposite orifices 21 and 22 when piston
7 is close to its outer dead center position. Passage 32
may open directly into chamber 34 but preferably, as
shown by the drawings, it opens into an annular turbulence
chamber 33 provided in cylinder head ¢ and surrounding
plunger 2. Besides, the end 15d of metering member 15
may be pushed by a small spring if it is desired to reduce
the pressure of the fuel arriving through pipe 18.

When the pressure has dropped in chamber 34, the
pressure in pipe 18, possibly with the addition thereto of
the action of the last mentioned spring, opens check valve
19 and pushes metering member 15 toward piston 7
until washer 284 comes into contact with the above men-
tioned abutment. There is thus admitted into annular
space 17 a volume of fuel proportional to the displace-
ment [ of metering member 15, which displacement is
adjusted as it will be hereinafter explained.

At the end of the movement of piston 7 toward the
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right, the pressure in compression chamber 34 is trans-
mitted through passage 31 to the big head 155 of meter-
ing member 15. As soon as the movement of piston 7 and
plunger 2 causes the bevelled edge of sleeve 26 to clear
orifice 21, metering member 15, which was kept in posi-
tion by the column of fuel enclosed in annular space 17,
is released and driven toward the right by said pressure
in chamber 34 until orifice 21 is closed.

A portion of said volume of fuel is injected. The in-
jected fuel, driven by the air stream through passages 31
and 32, mixes with air in turbulence chamber 33, where
it is ignited either by suitable ignition means, or, when
the compression ratio is sufficiently high, by spontaneous
ignition.

When orifice 22 is subsequently cleared (near the outer
dead center position of FIG. 2, on the right hand side
thereof), the remainder of said fuel volume is injected
and, at this time, the combustion in chamber 33 reverses
the direction of flow through passages 32 and 31 and
causes an ignited fuel mixture to be injected into com-
pression chamber 34 where it finds the amount of air
necessary to finish its combustion.

According to a feature of the present invention, the
driver, instead of directly controlling the flow rate of
fuel fed to the engine to vary the power that is given off,
acts upon the means for adjusting the power transmitted
to receiver B, the flow rate of fuel fed to the engine being
controlled by means responsive to the variation of the
difference between the theoretical stroke of free piston
7 and the actual stroke thereof, the power absorbed by
the receiver being greater or smaller than the power
given off by the amount of fuel precedingly fed to the
internal combustion engine.

According to the embodiment shown by the drawings,
the powder delivered by receiver B may be adjusted by
varying, by means of a pedal 50, the pressure of the gas
supplied from source M. This pedal may for instance
control a distributing valve capable of connecting a reser-
voir of gas under pressure, corresponding essentially to
source M, either with the delivery of a compressor or
with the atmosphere.

In order to constitute the means responsive to the dif-
ference between the theoretical stroke of free piston 7
and its actual stroke, another feature of the present
invention consists in causing free piston 7 positively to
drive a rod cooperating with a capacity filled with a lig-
uid, said capacity being provided at one end thereof with
a cylindrical blind hole 51 in line with said rod and the
diameter of which is equal, with a slight play, to that
of said rod. Plane P in which is located the opening of
this hole 51 is located in such manner that said rod
penetrate into said hole 51 only when piston 7 tends to
move beyond its theoretical stroke end. Finally, means
responsive to the overpressure produced in said blind hole
by the penetration of said rod thereinto control a part
adapted to reduce the dose of fuel admitted into com-
bustion chamber 34 during the next stroke of free pis-
ton 7.

As shown by FIGS. 1 and 2 the above mentioned rod
advantageously consists of plunger 2 which, in addition
to its function of piston of the hydraulic generator, also
serves to control the fuel injection. For this purpose, the
blind hole 51 is disposed in line with the hydraulic gen-
erator cylinder 1.

Furthermore, the above mentioned abutment adapted
to come into contact with the washer, 284 or 285, on one
side is arranged to cooperate with means responsive fo
an overpressure occurring in the blind hole 51 on the
other side.

For this purpose, there is provided, in each of the caps
16, a cylinder 52 separated by a piston 53 into two cham-
bers 54 and 55. Chamber 54 is connected with blind hole
51 through a channel 56, whereas chamber 55 is connected
to cylinder 1 through a channel 57.
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In-order to produce the desired return movement of
piston 53 when there is no longer an overpressure in blind
hole 51, use is made, as shown by FIG. 2, of a differential
piston 53 provided with a single rod which is designated
by reference numeral 585 on the right hand side of the
system and by 584 on the left hand side. Thus, if the same
pressure exists in both of chambers 54 and 55, piston 53
is pushed into the position corresponding to the minimum
of volume of chamber 54. In this case, channel 57 is pro-
vided with a check valve 59 and 2 passage 60 of small
cross section is disposed in parallel with said channel 57.
In the modification illustrated by FIG. 3, use is made of
a piston balanced by a double rod 58, 58¢ and provided
with a return spring 61.

The abutment cooperating with washer 284 consists of
a fork 62q integral with a lever 634 pivotable about a pin
64a fixed with respect to the corresponding cap 18.

In a likewise manner, the abutment cooperating with
washer 285 consists of a fork 625 integral with a lever
63b pivotable about a pin 645 fixed with respect to the
corresponding cap 16.

The lower end of lever 634 is hinged to the right hand

end of a link 65a the other end of which is hinged to the.

lower end ‘of a lever 66a pivoted at 67z and
end of which is hinged to rod 58a.

The lower end of lever 635 is hinged to the left hand
end of a link 65b the othér end of which is hinged to
the lower end of a lever 665 pivoted at 67b and the up-
per end of which is hinged to rod 585.

When a plunger 2 is moved outwardly by one stroke
of the piston 7 of internal combustion engine 7-8, a por-
tion of the energy supplied by said stroke is accumulated
in the holding chamber E corresponding to said plunger 2.

When said plunger 2 next returns inwardly, this amount
of energy is given back to said plunger 2.

In other words, during the beginning of every inward
stroke of said plunger 2, a portion of cylinder 1 is filled
up with liquid from holding chamber E, without having
to collect energy from the internal combustion engine 7-8.

As the energy available in holding chamber E at the
beginning of the corresponding stroke of the internal com-
bustion engine piston 7 (say toward the right) was deter-
mined during the preceding leftward stroke of said piston
7, it may happen that this energy,
back by holding chamber E (on the left) is too great, so
that the outer end of the right hand plunger 2 engages
into the corresponding blind hole 51. As a consequence,
the corresponding piston 53 is moved leftward, lever 665
is pivoted in anticlockwise direction, link 655 is pulled
toward the right, lever 63b is pivoted in anticlockwise di-
Tection and its forked end 624 is moved toward the left.

" Anyway, when piston 7 was at the end of its stroke
toward the right (approximately as shown by FIG. 2), the

the upper
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left hand metering member 15 was moved toward the __

right by the pressure of fuel fed through the correspond-
ing pipe 18. But this movement toward the right was lim-
ited by the forked end 624 which, at this time, had been
moved toward the left as above explained, so that the
amplitude of the subsequent sliding displacement of meter-
ing member 15 toward the left is now smaller,

Therefore if the rightward stroke of the internal com-
bustion engine piston 7 was of too great an amplitude
(i.e: if the fuel injection into cylinder 8 on the left of
piston 7 had been too great), the next fuel injection on
the left of piston 7 will be reduced.

If the above considered rightward stroke of the internal
combustion engine piston 7 was too long, of course the
next leftward stroke of said. piston was also too long
(since no correction relative to fuel injection could take
place between them). Therefore the left hand plunger 2
engaged the corresponding blind hole 51 and the liquid
thus driven caused, through piston 83, lever 664, link 654
and lever 63a the forked end 62a of said lever 63a, the
stroke of the right hand metering member 15 to be
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shortened as the stroke of the left hand metering member
15 was shortened.

It will now be noted that the regulation effect is prac-
tcially instantaneous since the injection after too long or
too short a stroke of piston 7 is substantially immediately
corrected. It suffices to choose the diameter of piston 53
and the arm ratios of levers 63 and 66 in such manner that
too long or too short a stroke of piston 7 (for instance
by 1 mm.) produces exactly the variation of fuel injection
corresponding to the difference of energy to be supplied.
It will be noted also that the regulation device according
to the present invention is so efficient that it remedies all
possible defects since it works in accordance with the
effect and not in accordance with the cause. It would be
possible to adjust the injection of fuel by means of a mere
needle valve disposed between a source of fuel under suf-
ficient pressure and combustion chamber 34. Finally it is
pointed out that the device according to this invention en-
sures- perfect equality between the leftward and rightward
strokes of the double action piston without any prelim-
inary adjustment. The diameters of the injecting device
and the leakages therein are without effect upon the ac-
curacy of compensation.

If the action on the flow rate of fuel is insufficient to
limit the stroke of piston 7, pistons 53 may be made to
control a mechanism (not shown) capable of reducing the
pressure of source M, that is to-say in chamber 42, inde-
pendently of the position of pedal 50, so'that the torque
is reduced. Such a mechanism would prevent the internal
combustion engine from stalling.

In a general manner, while the above description dis-
closes what are deemed to be practical and efficient em-
bodiments of the present invention, said invention. is not
limited thereto as there might be changes made in the
arrangement, disposition and form of the parts without
departing from the principle of the invention as compre-
hended within the scope of the appended claims,

What I claim is:

1. In combination,

an internal combustion engine comprising a cylinder
and a piston freely slidable in said cylinder so as to
form therewith two variable volume chambers lo-
cated respectively on either side of said piston,

two rods rigid with said piston and coaxial therewith
on either side thereof, respectively, said rods extend-
ing through the respective ends of said cylinder,

a cylindrical structure rigid with said cylinder adapted
to accommodate each of said rods, slidable in said
structure, said structure being filled with a liquid,

each of said structurse forming, at the outer end there-
of a cylindrical blind hole in line with the correspond-
ing rod and adapted to accommodate it with asliding
fit, said blind holes being so positioned that each of
said rods engages thereinto only when the outer dead
center of said piston is beyond a predetermined
position,

regulatable means for feeding fuel into said cylinder
in response to the reciprocating movements of said
piston with respect to said cylinder,

and means responsive to overpressure produced in said
blind hole when said rods engage thereinto, for oper-
ating said regulatable fuel feed means to reduce the
rate -of fuel feed ensured by said last mentioned
means. . :

2. A combination according to claim 1, further com-
prising a hydraulic receiver, a hydraulic generator, and a
closed circuit connecting said receiver with said generator
$0.as to form a hydraulic transmission between them, said
generator including cylinders, fixed with respect to said
engine cylinder and plungers adapted slidably to cooper-
ate with said generator cylinders and integral with said
rods, respectively.

3. In combination,

an internal combustion engine including a cylinder and
a piston freely slidable in said cylinder,
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a hydraulic generator including a cylinder rigid with
said internal combustion engine cylinder and a piston
rigid with said internal combustion engine piston,

a hydraulic receiver,

a closed hydraulic circuit between said hydraulic re-
ceiver and said hydraulic generator,

adjustable means for feeding fuel to said internal com-
bustion engine,

hand operative means for controlling the power de-
livered to said hydraulic receiver by said hydraulic
generator, -

and means responsive to variations of the difference
between the theoretical stroke of the internal com-
bustion engine free piston and the actual stroke there-
of for controlling said fuel feeding means to reduce
the fuel feed rate in response to displacements of said
internal combustion engine piston beyond a limit
outer dead center position thereof.

4. A combination according to claim 3 comprising a
holding capacity for receiving, on every cycle of said gen-
erator, a portion of the liquid delivered by said generator
and a deformable partition adapted to divide the inside
of said capacity into two chambers, a first one and a sec-
ond one, said first chamber being in communication with
said hydraulic generator cylinder, and a source of gas
under adjustable pressure adapted to communicate with
said second chamber, said hand operation means being
arranged to vary the pressure of said gas source.

5. A combination according to claim 3 comprising a
differential sliding rod operative by variation of the dif-
ference between the theoretical stroke and the actual
stroke of said internal combustion engine piston, said
adjustable fuel feeding means being operative by said rod.

6. A combination according to claim 3 wherein said
internal combustion engine comprises a single free piston
the meains responsive to variations of the difference be-
tween the theoretical stroke of said engine free piston and
the actual stroke thereof in one direction being adapted to
adjust the flow rate of fuel admitted into the cylinder
during the following stroke of the piston in the other di-
rection and vice versa.

7. In combination,

an internal combustion engine comprising a cylinder
having a cylinder end and a piston freely slidable in
said cylinder so as to form therewith a variable vol-
ume chamber on either side of said piston,

two hydraulic generators, respectively on opposite sides
of said internal combustion engine, each of said
generators comprising a tubular plunger rigid with
said piston and coaxial therewith, said plunger ex-
tending through the corresponding cylinder end, and
a cylinder rigid with said internal combustion engine
cylinder adapted slidably to accommodate said
plunger, said generator cylinder being filled with a
liquid,

a delivery valve connected with each of said generator
cylinders,

a suction valve connected with each of said generator
cylinders,

a closed hydraulic circuit extending from each of said
delivery valve to corresponding suction valve,

a hydraulic receiver in said hydraulic circuits,

a liquid holding device connected with each of said
generator cylinders, said liquid holding device in-
cluding:

a liquid-tight shell in permanent communication with
said last mentioned cylinder,

a deformable partition in said shell dividing it into two
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chambers, a first one and a second one, said first
chamber being in permanent free communication
with said last mentioned cylinder,

rigid means for limiting the deformations of said par-
tition that reduce the volume of said first chamber,

a check valve carried by said shell and opening into said
second chamber, and

means responsive to the pressure in said first chamber
for opening said check valve in response to a suction
in said first chamber,

a source of gas under pressure, common to both of said
liquid holding devices, adapted to communicate with
said second chambers through said check valves,

manually operative means for controlling the pressure
of said source,

a tubular casing rigid with each of said cylinder heads
and extending coaxially therein, said casing including,
in line with each other, a sheath, the inner end of
which opens into said compression chamber and at
the outer end of said sheath, a cap provided with a
bore the outer end of which opens into the atmos-
phere,

a metering member coaxially slidable in each of said
casings, said metering member including at its respec-
tive ends two heads slidable with a fluid-tight fit in
said casing, to wit a big head located in the inner end
of said sheath and a small head located in said cap,
the cross section area of said small head being smaller
than that of said big head, the portion of said meter-
ing member between said heads being a rod leaving
an annular space between itself and the inner wall of
said sheath,

a fuel feed pipe opening into each of said annular
spaces for the feed of fuel under pressure into the
corresponding sheath,

a check valve in each of said fuel feed pipes to prevent
the outflow of fuel therethrough,

a sleeve rigid with each of said tubular plungers and
fitting slidably about the corresponding sheath,

each of said sheaths being provided with at least one
orifice and the corresponding plunger with one pas-
sage adapted, when said piston is nearing its outer
dead center position, to connect said annular space
in said sheath with said internal combustion engine
compression chamber,

whereby each of said metering members, after being
fixed in position by the column of liquid in the cor-
responding annular space, can be displaced by the
gaseous pressure applied on the big head thereof and
thus inject into the engine cylinder a volume of fuel
equal to the difference between the volumes displaced
respectively by said two heads,

and means responsive to variations of the length of
outward stroke of said plunger for adjusting the in-
ward stroke of said metering member so as to reduce
it when said plunger outward stroke exceeds a pre-
determined value,
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