
Oct. 15, 1963 C. WAN DER LELY ETAL 3,106,896 
FLUID PUMPS 

Filed July 25, 1960 

INVENTOR. 
6-waz's f 4- u%waza 47 - 

%, 7% 

  



United States Patent Office 3,106,896 
Patented (Oct. 15, 1963 

1. 

3,206,896 
FJEED PUMPS 

Cornelis van der Lely, Zug, Switzerland, and Ary van der 
Lely, Maasiand, Netherlands, assigro's to C. ya 
derely N.V., Maasiand, Netheriands, a limited liabil 
ity company of the Netherlands 

Fied July 25, 1963, Ser. No. 45,75 
Claims priority, applicatios Netherlands Alig. 3, 1959 

Cainas. (C. 103-54) 

This invention relates to a fluid piston pump combined 
with a piston engine so as to be driven thereby. 

According to a first aspect of the present invention, 
there is provided a combination of a reciprocating fluid 
piston pump, and an engine having at least one reciprocat 
ing working piston, the working piston, or at least one of 
the working pistons, of the engine being connected with 
a pump piston, or respective pump pistons, wherein the 
pump has first means arranged to alter the volume of the 
working space(s) thereof in response to fluctuations of 
the pressure of the fluid in such working space(s), So that 
when the fluid pressure in the working space(s) increases 
the volume thereof can similarly increase, there being also 
second means against which said first means acts when 
said first means increases the volume of the Working 
space(s), the arrangement being such that energy used 
for the increase of the volume of the working space(s) is 
stored by said second means, and the arrangement being 
further such that all or part of the stored energy may be 
employed to perform an extra pumping action when the 
pressure decreases in the working Space(s) and the Volume 
of the latter is accordingly reduced by said first means. 

This invention also relates to a free-piston engine hav 
ing more than one reciprocating working piston. Accord 
ing to a second aspect of the present invention, there is 
provided a free-piston engine having more than one re 
ciprocating working piston, wherein the working pistons 
are interconnected by a positive-displacement hydraulic 
coupling so as to maintain a fixed phase difference between 
the strokes of the working pistons. 

For a better understanding of the invention and to 
show how the same may be carried into effect, reference 
will now be made by way of example of the accompanying 
diagrammatic drawing in which: 
FIGURE 1 is a longitudinal section of a combination of 

a fluid pump and a first embodiment of a free-piston 
engine and, 
FIGURE 2 is a longitudinal section of a second embodi 

ment of a free-piston engine. 
As shown in FIGURE 1, the combination includes a 

free-piston engine having a single cylinder i in which 
two working pistons 2 and 3 are arranged to reciprocate 
freely in opposite directions. The cylinder has inlet 
ports 53, and has outlet ports 53A communicating with an 
outlet pipe 54. The working pistons 2 and 3 are fixed 
to compressor pistons 4 and 5, respectively, which are 
arranged to move in compressor cylinders 6 and 7, respec 
tively. The piston 4 divides the cylinder 6 into two 
spaces 8 and 9, and the piston 5 divides the cylinder 7 
into two spaces 9 and i, the spaces 8 and iC con 
stituting cushion chambers. The cylinder Spaces 9 and 

communicate through non-return valves 2 and 4, 
respectively, with a reservoir 3 surrounding the cylinder 
E. Also, the cylinder spaces 9 and a communicate 
through non-return valves E5 and 25, respectively, with 
the atmosphere. The compressor piston 4, fixed to the 
working piston 2, is connected by a rod 7 with a plunger 
8 which is arranged to move in a cylinder 19. Similarly, 

the compressor piston 5, fixed to the working piston 3, is 
connected by a rod 20 with a plunger 2 which is arranged 
to move in a cylinder 22. 
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The plunger 8 divides the cylinder 9 into two spaces 

23 and 24, and the plunger 2 divides the cylinder 22 
into two spaces 25 and 26. The cylinder spaces 23 and 
26 communicate with each other by way of a duct 27, 
and the cylinder spaces 24 and 25 communicate with each 
other by way of a duct 28. 
The plunger 8 is connected by a rod 29 with a pump 

piston 30 of a fluid pump 3i, and the piston plunger 2 
is connected with a pump piston 32 of a fluid pump 33 
by a rod 34. The pump pistons 30 and 32 are arranged 
to move in working spaces 35 and 36, respectively. The 
working spaces 35 and 36 are each bounded by one face 
of a plunger 37 or 38, respectively, the latter being backed 
by springs 39 and 40, respectively, which oppose move 
ment of the respective plungers in one direction. The 
compression in the springs 39 and 40 may be adjusted 
with the aid of screws 39A and 40A, respectively. 

Fluid may be fed from a container 43 through pipes 
42 and 43 to the fluid pumps 3 and 33, respectively, 
the pipes 42 and 43 having inlet valves 44 and 45, respec 
tively. Fluid may alternatively be fed from the container 
45 to the pumps 3 and 33 through pipes 42A and 43A, 
by operation of cocks 46 and 47 respectively. Fluid may 
be allowed, by non-return outlet valves 48 and 49, to 
flow out of the working spaces 35 and 36 of the pumps 
31 and 33, respectively, into a pipe 50. The pipe 50 
leads to a device or machine which is indicated at 51 in 
FIGURE 1 and which is intended to be driven by the 
pumped fluid. A pipe 52 provides a return communica 
tion between the machine 5, and the fluid container 4. 

Before the pumps are set in operation, the working 
spaces 35 and 36 thereof are filled with fluid from the 
container 43 by opening the cocks 46 and 47, respectively. 
These cocks are then closed and remain closed during 
the operation of the pumps. 
The operation of the combination shown in FIGURE 

1 is as follows: 
Upon fuel combustion in the cylinder between the 

opposed Working pistons 2 and 3, the latter are forced 
outwards, causing the compressor pistons 4 and 5 to 
compress the air in the cushion chambers 8 and 30, respec 
tively. At the same time, the valves 2 and 4 close, 
and the valves 5 and 6 open, these valves 5 and 6 
allowing air from the atmosphere to be sucked into the 
cylinder spaces 9 and ii. Near the end of the outward 
stroke of the pistons 2 and 3, the inlet ports 53 and the 
outlet ports 53A are uncovered, thus allowing the hot 
spent gases to flow through the outlet 54 as fresh air 
enters from the reservoir 3. The air compressed in the 
cushion chambers 8 and 6 then urges inwards the com 
pressor pistons 4 and 5, with the working pistons 2 and 
3, the air in the cylinder being thus compressed as the 
ports 53 and 53A are covered by the pistons 2 and 3, As 
a result of the compression of the air in the cylinder i, 
such air is raised to a high temperature. During the 
movement of the pistons inwards, the valves i5 and 6 
close, and the valves 12 and 14 open, the air in the cylin 
der spaces 9 and 1 being therefore forced into the reser 
voir 3. Thus the reservoir 3 contains air at a raised 
pressure. At the end of the inward stroke of the pistons 
2 and 3, fuel is sprayed into the small space left in the 
cylinder with the aid of an injection nozzle (not shown 
in FIGURE 1), and this fuel ignites spontaneously, since 
the compressed air within the cylinder is at a high tem 
perature. A rapid increase in pressure follows the igni 
tion, so that the pistons 2 and 3 are again forced out 
wards, thus restarting the working cycle of the engine. 
As described above, the working pistons 2 and 3 of 

the free-piston engine are directly connected with the 
plungers 18 and 21, respectively, and the plungers 18 and 
2E are arranged to move in the cylinders i9 and 22, which 
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are interconnected via the ducts 27 and 28. The cylin 
ders 19 and 22 and the ducts 27 and 23 are filled with a 
liquid, for example, oil. When the working piston 2 
moves outwards, the oil contained in the cylinder space 
23 is displaced by the plunger 18 along the duct 27 into 
the cylinder space 26 behind the other plunger 23. Since 
the oil cannot be compressed, the plunger 2E is constrained 
to move outwards in dependence upon the outward move 
ment of the other plunger 18. The oil contained in the 
cylinder space 25 is similarly forced through the duct 23 
into the cylinder space 24. Thus the plungers 8 and 2 
in the cylinders 19 and 22, together with the ducts 27 
and 28, constitute a positive-displacement hydraulic cou 
pling between the working pistons 2 and 3, ensuring that 
the pistons have equal strokes and have a fixed phase 
difference of 180° between their strokes. 

Since the two fluid pumps are of identical construction, 
and since they operate identically, it will suffice to de 
Scribe only the operation of the fluid pump 33. As the 
Working piston 2 moves outwards, the pump piston 3 
moves towards the plunger 37. The fluid between the 
piston 30 and the plunger 37, if compressible, will be com 
pressed. The fluid displaced by the pump piston 30 is, 
however, allowed by the nonreturn outlet valve 48 to 
pass into the pipe 59. 
The piston Velocity of each working piston of the free 

piston engine is not normally constant over the length of 
its stroke, so that the velocity of the pump piston con 
nected with Such working position, is correspondingly 
not constant. Under certain conditions therefore, the 
pump piston Velocity will be so great as to displace more 
fluid in a given time than can flow through the non-return 
outlet valve 48 in that time, so that the pressure in the 
Working Space 35 of the pump 3i would rise consider 
ably if no special pressure reducing means were provided. 
As the pressure in the working space 35 increases, the 
plunger 37 is urged away from the piston 30 against the 
action of the spring 39. Thus the volume of the work 
ing Space 35 is increased and the pressure of the fluid in 
that Space is not undesirably increased. The behaviour 
of the spring 39 can be altered with the aid of the adjust 
ing screw 39A, movement of which alters the setting of 
one end of the spring 39. When the spring 39 is com 
pressed as a result of the raised pressure in the working 
Space 35, part of the energy supplied by the free-piston 
engine is stored in the spring. Each working piston of 
the free-piston engine moves with increasing velocity dur 
ing the outward stroke, so that the velocity of movement 
of each working piston is less during the first part of its 
Outward stroke. In general, therefore, an equilibrium is 
established between the quantity of fluid displaced by the 
pump piston 30 and the quantity of fluid flowing through 
the outlet valve 48. However, the quantity of fluid dis 
placed by the pump piston 39 in a given time may be iess 
than that which could flow through the outlet valve 48 in 
that time, for example, during the last part of the outward 
Stroke of the working piston. In this case, the pressure 
in the working space 35 decreases and the plunger 37 
moves towards the pump piston 3G. Therefore, the fluid 
displaced by the plunger 37 passes through the outlet valve 
48, so that the plunger 37 tends to maintain the flow of 
fluid through the valve 48. Thus part of the energy stored 
in the spring 39 is usefully employed to perform an ex 
tra pumping action. The energy stored in the spring 39 
may be sufficient to increase the pressure of the fluid in 
the working space 35 to a valve above the pressure on 
the other side of the outlet valve 48 in the pipe 50, dur 
ing the first part of the inward stroke of the pump pis 
ton 30. Thus fluid is caused to flow through the valve 
43 even during part of the inward stroke of the pump 
piston 30, so that a further part of the energy stored in 
the spring 39 is usefully employed. 

During the inward stroke of the pump pistol 39, the 
outlet valve 48 closes, after which the inlet valve 44 opens. 
Fluid is thus allowed to flow from the container 45 into 
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the working space 35 of the pump. At the beginning of 
the outward stroke of the pump piston 30, the inlet valve 
44 closes and the outlet valve 48 opens, so that the whole 
cycle may be repeated. 

Since the compression in the spring 39 can be adjusted 
with the aid of the screw 35A, the maximum fluid pres 
Sure arising in the working space 35 can be controlled 
in a sample manner. 
The fluid pumped through the outlet valves 48 and 49 

into the pipe 58, passes to the machine 51, from which 
the fluid is returned to the container 41 by way of the 
pipe 52. The combination according to the invention is 
particularly suitable for driving a hydraulic motor. In 
this case, the fiuid pumped through the machine 5 is a 
liquid, and is, for example, oil. 
The pumps are adaptable to fluctuations in the fluid 

pressure and to variations in the quantity of fluid to be 
supplied to the machine 5, in the event of variations in 
the power to be supplied by the machine 51 and/or in 
the event of variations on the speed of revolution of the 
machine. 

Since all the pistons of the combination shown in FIG 
URE 1 are aligned, the combination is of simple construc 
tionS. 

It will be appreciated that the pump pistons may be 
driven by means other than the free-piston engine de 
Scribed with reference to FIGURE 1. 

Referring now to FIGURE 2, there is shown a free 
piston engine having a single cylinder 55 in which two 
working pistons 56 and 57 are arranged to reciprocate 
freely in opposite directions. The cylinder 55 has inlet 
ports 7G, and outlet ports 75 communicating with an 
outlet pipe 72. The working pistons 56 and 57 are fixed 
to compressor pistons 58 and 59, respectively, which are 
arranged to move in compressor cylinders 53A and 59A, 
respectively. The operation of the engine is identical 
with that of the free-piston engine in the combination 
described with reference to FIGURE 1, the fuel being 
Sprayed into the cylinder 55 through an injection nozzle 
3. 
The working pistons 56 and 57 of the embodiment 

shown in FIGURE 2 are coupled with plungers 60 and 
61, respectively, by rigid connecting rods 6GA and 61A, 
respectively. The plunger 60 is adapted to move in a 
cylinder 62 and the plunger 61 is adapted to move in a 
cylinder 63. The cylinders 62 and 63 communicate one 
with the other by ducts 64 and 65 which are filled with 
a liquid, for example, oil. The plungers 69 and 61 di 
vide the cylinders 62 and 63 into cylinder spaces 66, 69 
and 68, 67, the duct 64 affording a communication be 
tween the spaces 68 and 69, and the duct 65 likewise af 
fording a communication between the spaces 66 and 67. 
FIGURE 2 shows the working pistons 56 and 57 in 

their outermost positions. As the pistons 56 moves in 
Wards, oil is forced by the plunger 69 from the space 66 
into the duct 65 and into the space 67 behind the plunger 
6. Thus the plunger 61, together with the working pis 
tons 57, is urged inwardly by the oil. Likewise, the 
plunger 61 forces oil from the space 63 into the duct 64 
and into the space 69. Since the plungers 60 and 61 are 
of equal diameters, and since the oil is incompressible, 
the distance moved by one plunger is the same as the 
distance moved by the other plunger, and due to the fact 
that each plunger is rigidly coupled with its respective 
working piston, the distances moved by the working pis 
tons are equal. Thus the positive-displacement hydraulic 
coupling constituted by the plungers 60 and 61, and the 
ducts 64 and 65, ensures that the working pistons 56 and 
57 have equal strokes, and have a fixed phase difference 
between their strokes. 

It will be appreciated that various modifications may 
be made to the hydraulic couplings described above. For 
example, the diameters of the plungers 18 and 21, or 60 
and 6i, may be different, so that the oil displaced by 
these plungers causes the distances moved by the working 
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pistons 2 and 3, or 56 and 57 to be different, while still 
maintaining the fixed phase different between the strokes 
thereof. It is also possible to provide, for example, an 
off-centered transfer lever for transmitting motion be 
tween each working piston and the associated plungers, 
so that the strokes of the working pistons 56 and 57 are 
again different. 
As an alternative to the spontaneous ignition of a fuel 

mixture in the cylinder 1, or 55, a gas mixture may be 
ignited therein with the aid of a sparking plug. 
What we claim is: 
11. In combination with a reciprocating fluid pump in 

cluding a piston, an internal combustion engine compris 
ing a combustion cylinder including a cylinder head, fuel 
injection means in said cylinder proximate to its head, 
an exhaust port and an air inlet port in said cylinder away 
from said cylinder head, an exhaust conduit leading from 
said exhaust port to the atmosphere, a combustion piston 
to reciprocate in said cylinder, an air reservoir in com 
munication with said inlet port, an air compression piston 
connected to said combustion piston, an air cushion cham 
ber receiving said compression piston, said air cushion 
chamber being closed to the atmosphere at one end and 
having in its other end an inlet valve in communication 
with the atmosphere and an outlet valve in communication 
with said air reservoir, rod means rigidly aligning and 
connecting said combustion piston to said pump piston 
through said compression piston whereby when said com 
bustion piston moves as a result of an explosion in said 
combustion cylinder said air compression piston is moved 
in said air cushion chamber to compress air on one of 
its sides and to draw air from the atmosphere into said 
chamber from the other of its sides, and when said ex 
plosive gases escape through said exhaust port by reason 
of said combustion piston uncovering said exhaust port, 
air enters said air inlet port from said air reservoir and 
compressed air in said air cushion chamber forces said 
air compression piston and said combustion piston in an 
opposite direction and forces air from said other end of 
said air cushion chamber into said air reservoir, and said 
pump piston is correspondingly reciprocated. 

2. In combination with a pump including a pump pis 
ton, an internal combustion engine comprising a com 
bustion cylinder including a cylinder head, fuel injection 
means located near the head of said cylinder, an exhaust 
port in the wall of said combustion cylinder away from 
said combustion cylinder head, an air inlet port in the 
wall of said cylinder also away from said combustion 
cylinder head, an exhaust conduit to the atmosphere in 
communication with said exhaust port, a combustion pis 
ton to reciprocate in said combustion cylinder, an air 
reservoir surrounding said combustion cylinder and in 
communication with said inlet port, an air compression 
piston connected to said combustion piston, an air cushion 
chamber receiving said air compression piston, said air 
cushion chamber confined at one end whereby air is com 
pressed in said confined space when said combustion and 
said air compression pistons are moved as a result of an 
explosion in said combustion cylinder, an air inlet valve 
in communication with the atmosphere in the other end 
of said air cushion chamber, an air outlet valve in the 
other end of said air cushion chamber in communica 
tion with said air reservoir, and rod means rigidly align 
ing and connecting said combustion piston to said pump 
piston through said compression piston. 

3. A combined engine and pump construction which 
comprises a combustion chamber including a head, fuel 
injection means near the head of said combustion cham 
ber, an exhaust port and an air inlet port disposed in the 
wall of said combustion chamber away from said combus 
tion chamber head, an exhaust conduit to carry exhaust 
gases from the exhaust port to the atmosphere, a combus 
tion piston received in said combustion chamber to recipro 
cate therein, an air reservoir in communication with said 
air inlet port, an air compression piston connected to said 
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6 
piston, an air cushion chamber receiving said air com 
pression piston, said air cushion chamber being closed 
at one end whereby when said air compression piston is 
moved by Said combustion piston together with said pis 
ton rod in response to an explosion in said combustion 
cylinder, air is compressed in the closed end of said air 
cushion chamber, an air inlet valve incorporated in the 
other end of said air cushion chamber in communication 
with the atmosphere, an air outlet valve in the other end 
of Said air cushion chamber in communication with said 
air reservoir, reciprocating pump structure including a 
pump cylinder and a pump piston received therein, a 
fluid inlet valve and a fluid outlet valve in communication 
with said pump cylinder, a spring-loaded plunger in 
cluded in said pump cylinder to permit enlargement of 
the internal volume of the pump cylinder in response 
to internal fluid pressure increases, adjustment means in 
association with said spring-loaded plunger to vary se 
lectively the Spring compression of said spring-loaded 
plunger, and rod means rigidly aligning and connecting 
Said combustion piston with said pump piston through 
said compression piston. 

4. A combined engine and pump construction which 
comprises a combustion cylinder including a cylinder 
head, fuel injection means, an exhaust port and an air 
inlet port in the wall of said combustion chamber away 
from said cylinder head, an exhaust conduit intercon 
necting the atmosphere and said exhaust port, a combus 
tion piston received in said combustion cylinder to re 
ciprocate therein, an air reservoir surrounding said com 
bustion chamber and in communication with said inlet 
port, an air compression piston connected to the other 
end of Said combustion piston, an air cushion chamber 
receiving said air compression piston, said air cushion 
chamber closed at one end whereby a gas therein is com 
pressed when said combustion piston moves in response 
to an explosion in said cylinder, an air inlet valve in the 
other end of said air cushion chamber in communication 
With the atmosphere, an air outlet valve in the same end 
of said air cushion chamber as said inlet valve in com 
munication with said air reservoir, a reciprocating pump 
structure including a pump cylinder and a pump piston 
received therein, a fluid inlet valve and a fluid outlet valve 
in communication with said pump cylinder, a spring 
loaded plunger in said pump cylinder to permit internal 
enlargement of said pump cylinder in response to inter 
nal fluid increases, adjustment means associated with said 
Spring-loaded plunger to vary selectively the spring com 
pression of said plunger in said cylinder, and rod means 
rigidly aligning and connecting said combustion piston 
to said pump piston through said compression piston. 

5. In combination with a reciprocating fluid pump in 
cluding a pump piston, an internal combustion engine 
which comprises a combustion cylinder, a fuel injection 
means centrally located in said combustion chamber, an 
exhaust port located to one side of said fuel injection 
means in the wall of said combustion chamber, an exhaust 
conduit in communication with said exhaust port and the 
atmosphere, an air inlet port disposed in the wall of said 
combustion cylinder on the other side of said fuel injec 
tion means, first and second combustion pistons received 
in Said cylinder in opposed relationship to each other, an 
air reservoir Substantially surrounding said combustion 
chamber in communication with said inlet port, a first air 
compression piston connected to said first compression 
piston, a second air compression piston connected to 
said second compression piston, a first air cushion cham 
ber receiving said first air compression piston and a sec 
ond air cushion chamber receiving said second air com 
pression piston, each of said air cushion chambers being 
closed at one end whereby gas therein is compressed 
when said air compression piston moves therein in re 
sponse to an explosion in said combustion cylinder, an 
air inlet valve in communication with the atmosphere 
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and an air outlet valve in communication with the Said 
air reservoir in the other ends of each of said air cushion 
chambers, a positive displacement hydraulic coupling 
means equalizing said combustion pistons' strokes with 
a fixed phase of 180° between strokes of said combus 
tion pistons, and rod means rigidly aligning and opera 
tively connecting at least one of said combustion pistors 
with the pump piston through said compression piston. 

6. A combined engine and pump construction which 
comprises a combustion cylinder, fuel injection means 
centrally disposed in said combustion cylinder, an exhaust 
port in the wall of said combustion cylinder at one side 
of said fuel injection means, an exhaust line intercon 
nected with said exhaust port and the atmosphere, an air 
inlet port in the wall of said cylinder on the opposite side 
of said fuel injection means from said exhaust port, first 
and second opposed combustion pistons reciprocating in 
said combustion cylinder, an air reservoir surrounding said 
combustion cylinder in communication with said inlet port, 
a first piston rod connected to said first combustion piston, 
a second piston rod connected to said second combustion 
piston, a first air compression piston connected to the 
other end of said first piston rod, a second air compression 
piston connected to the other end of said second piston 
rod, a first air cushion chamber receiving said first air 
compression piston, a second air cushion chamber re 
ceiving said second air compression piston opposite Said 
first air cushion chamber, each of said air cushion cham 
bers closed at one end whereby gas is compressed therein 
when said air compression pistons move in response to 
an explosion in said combustion cylinder, an air inlet 
valve in communication with the atmosphere and an air 
outlet valve in communication with said air reservoir in 
the other end of each of said air cushion chambers, a 
positive displacement hydraulic coupling associated with 
said combustion pistons whereby said combustion pistons 
have equal strokes and a fixed phase difference of 180 
between their strokes, a first fluid pump operatively con 
nected to said first combustion piston, a second fluid pump 
operatively connected to said second combustion piston, 
each of said fluid pumps including a pump cylinder with 
a spring-loaded plunger to permit enlargement of inter 
nal volume of the pump cylinder in response to an inter 
nal fluid pressure increase, and with adjustment means 
to vary selectively the spring pressure of said spring 
loaded plunger, each of said fluid pumps also including 
a reciprocating piston in said pump cylinders and one 
way inlet and outlet fluid valves in communication with 
said pump cylinders. 

7. In a fluid pumping system, an internal combustion 
engine comprising a combustion cylinder, fuel injection 
means centrally located in said combustion cylinder, ail 
exhaust port located apart from the said fuel injection 
means in the wall of said combustion cylinder, an exhaust 
conduit leading from said exhaust port, an air inlet port 
in the wall of said combustion chamber disposed on the 
opposite side of said fuel injection means from said ex 
haust port, first and second opposed combustion pistons 
received in said combustion cylinder, an air reservoir sub 
stantially surrounding said combustion cylinder in com 
munication with said inlet port, a first piston rod con 
nected to said first combustion piston, a second piston rod 
connected to said second combustion piston, a first air 
compression piston connected to the other end of said 
first piston rod, a second air compression piston con 
nected to the other end of said second piston rod, a first 
air cushion chamber receiving said first air compression 
piston, a second air cushion chamber receiving said sec 
ond air compression piston opposite said first air cush 
ion chamber, each of said air cushion chambers closed 
at one end whereby gas in said closed end is compressed 
by said air compression pistons when they are moved by 
said combustion pistons and piston rods in response to 
an explosion in said combustion cylinders, the other end 
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8 
each air cushion chamber having an air outlet valve 
communication with said air reservoir and an air inlet 

valve in communication with the atmosphere, a first hy 
draulic piston interconnected with said first combustion 
piston, a second hydraulic piston interconnected with said 
second combustion piston, a first hydraulic cylinder means 
receiving said first hydraulic piston, a second hydraulic 
cylinder means receiving said second hydraulic piston, 
fluid in said hydraulic cylinders, conduit means cross 
connecting said hydraulic cylinders whereby when said 
hydraulic cylinders are moved by said combustion pistons 
fluid is forced from one end of said first hydraulic cylin 
ders to the non-opposite end of said second hydraulic cylin 
ders and at the same time from the opposite end of said 
second hydraulic cylinder to the other end of Said first 
hydraulic cylinder thereby ensuring that said combustion 
pistons have equal strokes and a fixed phase difference of 
180° between their strokes, and connection means opera 
tively connecting said combustion pistons to the recipro 
cating pistons of fluid pumps. 

8. An internal combustion engine comprising a com 
bustion cylinder, a centrally located fuel injection means 
in said combustion chamber, an exhaust port in the wall 
of said combustion chamber longitudinally removed from 
said fuel injection means, an exhaust line interconnecting 
said exhaust port and the atmosphere, an air inlet port 
in the wall cf said combustion chamber located longitu 
dinally removed from said fuel injection means opposite 
said exhaust port, first and second opposed combustion 
pistons received in said combustion cylinder, an air reser 
voir substantially surrounding said combustion chamber 
in communication with said inlet port, a first air compres 
sion piston in alignment to said first combustion piston, 
a second air compression piston rigidly connected in 
alignment to said second piston rod, a first air cushion 
chamber receiving said first air compression piston, a 
second air cushion chamber receiving said second air 
compression piston, each of said air cushion chambers 
being closed at one end whereby gas entrapped therein 
is compressed by said air compression pistons when they 
are moved in response to an explosion in said intcrnal 
combustion cylinder, each of said air cushion chambers 
having in their other ends an air inlet valve in commu 
nication with the atmosphere and an air outlet valve in 
communication with said air reservoir, a first hydraulic 
piston interconnected and aligned with said first combus 
tion piston, a second hydraulic piston interconnected and 
aligned with said second combustion piston, a first hy 
draulic cylinder receiving said first hydraulic piston, a 
second hydraulic cylinder receiving said second hydraulic 
piston, fluid in said hydraulic cylinders and conduit 
means connecting said hydraulic cylinders whereby when 
said hydraulic pistons are moved by said combustion 
pistons fluid is forced from one end of said first hydraulic 
cylinder to the non-opposite end of said second hydraulic 
cylinder and at the same time from the opposite end of 
the second hydraulic cylinder to the other end of the 
first hydraulic cylinder thereby ensuring that each of the 
combustion pistons have equal strokes and a fixed phase 
difference of 180° between their strokes. 

9. In combination with an internal combustion engine 
having opposed free floating pistons with reciprocating 
fluid pistons rigidly interconnected in alignment with said 
floating pistons, a positive displacement hydraulic coup 
ling comprising a first hydraulic piston rigidly intercon 
nected in alignment with one of said free floating pistons, 
a second hydraulic piston rigidly interconnected in align 
ment with the cther of said free floating pistons, a first 
hydraulic cylinder receiving said first hydraulic piston, 
a second hydraulic cylinder receiving said second hy 
draulic piston, fluid in said hydraulic cylinders, conduit 
means connecting said hydraulic cylinders whereby when 
said hydraulic pistons are moved by said opposed free 
floating pistons fluid is forced from one end of said first 
hydraulic cylinder to the non-opposite end of said second 
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hydraulic cylinder and at the same time from the oppo 
site end of said second hydraulic cylinder to the other 
end of said first hydraulic cylinder thereby ensuring that 
Said free floating pistons have equal strokes and a fixed 
phase difference of 180° between their strokes. 

10. In combination with an internal combustion en 
gine having free floating opposed pistons, a positive dis 
placement hydraulic coupling comprising a first hydraulic 
piston interconnected in alignment with one of said free 
floating pistons, a second hydraulic piston rigidly inter 
connected in alignment with the other of said free float 
ing pistons, a first hydraulic cylinder receiving said first 
hydraulic piston, a second hydraulic cylinder receiving 
said second hydraulic piston, fluid in said hydraulic cyl 
inders, conduit means cross connecting said hydraulic 
cylinders whereby when said hydraulic cylinders are 
moved by said opposed pistons fluid is forced from one 
end of said first hydraulic cylinder to the non-opposite 
end of said second hydraulic cylinder and at the same 
time from the opposite end of said second hydraulic 
cylinder to the other end of said first hydraulic cylinder, 
thereby ensuring that said opposed pistons have equal 
strokes and a fixed phase difference of 180° between 
their strokes. 

11. A combined internal combustion engine and re 
ciprocating pump construction which comprises a com 
bustion cylinder, a fuel injection means centrally located 
in the wall of said combustion cylinder, an exhaust port 
located in the wall of said combustion cylinder longi 
tudinally removed from said fuel injection means, an 
exhaust line interconnecting said exhaust port and the 
atmosphere, an air inlet port disposed in the wall of said 
combustion cylinder opposite to said exhaust port, first 
and second opposed combustion pistons received in said 
combustion cylinder, an air reservoir substantially sur 
rounding said combustion chamber and in communica 
tion with said air inlet port, a first piston rod connected 
to Said first combustion piston, a second piston rod con 
nected to Said second combustion piston, a first air com 
pressor piston connected to the opposite end of said first 
piston rod, a second air compressor piston connected to 
the opposite end of said second piston rod, a first air 
cushion chamber receiving said first air compression pis 
ton, a second air cushion chamber receiving said second 
air compression piston, both of said air cushion cham 
bers confined at one end to entrap gas which is com 
pressed by said air compression pistons when they are 
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10 
moved by said combustion pistons in response to an ex 
plosion in said combustion cylinder, the other ends of 
each of said air cushion chambers including an air inlet 
valve in communication with the atmosphere and an air 
outlet valve in communication with said air reservoir, a 
first hydraulic piston interconnected with said first com 
bustion piston, a second hydraulic piston interconnected 
with said second combustion piston, a first hydraulic cyl 
inder receiving said first hydraulic piston, a second hy 
draulic cylinder receiving said second hydraulic piston, 
fluid in said hydraulic cylinders, conduit means connect 
ing said hydraulic cylinders whereby when said hydraulic 
pistons are moved by said combustion pistons fluid is 
forced from one end of said first hydraulic cylinder to the 
non-opposite end of said second hydraulic cylinder and 
at the same time from the opposite end of said second 
hydraulic cylinder to the other end of said first hydraulic 
cylinder thereby ensuring that the combustion pistons 
have equal strokes and a fixed phase difference of 180 
between their strokes, a first fluid pump operatively con 
nected with said first combustion piston, a second fluid 
pump operatively connected with said second combus 
tion piston, each of said fluid pumps including a pump 
cylinder with a spring-loaded plunger to permit enlarge 
ment of the internal volume of the pulmp cylinder in re 
Sponse to an internal fluid pressure increase and with 
adjustment means to vary selectively the spring com 
pression of said plunger, each pump also including a re 
ciprocating piston in said pump cylinder and an inlet 
fluid valve and an outlet fluid valve in communication 
With said pump cylinder. 
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