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Floyd B. Haritaia, Crystal Lake, ii., assig o' to inter 
Rational Ha:'wester (Cosapa Bay, Chicago, A., a corp}- 
ration of Nevy jersey 

Eiled Nay, 3, 1960, Ser. No. 67,158 
fi Cairns. (C. 103-44) 

This invention relates to a free piston engine hydraulic 
pump. More in particular this invention relates to a 
free piston engine hydraulic pump wherein the motion 
of a pump piston is imparted by the motion of a power 
piston of the engine during its power stroke by a fluid 
connection therebetween. 

in previous designs of free piston engine pumps a 
connecting rod is employed having one end connected 
to a power piston and extending slidably through the 
corresponding engine head and the other end connected 
to the hydraulic pump piston thus moving the pump 
piston in a stroke equal to that of its associated power 
piston. This arrangement has numerous disadvantages 
such as loss of power when the outlet side of the pump 
has reached its maximum limit set by, for example, a 
relief valve, or if hydraulic block occurs the engine stalls 
or alternatively damage occurs. Variation in fluid de 
livery of such engines can only be achieved in a limited 
degree by varying the speed of the engine. Another 
difficulty in these engines is the difficulty in starting be 
cause reciprocating movement of the power piston also 
actuates the associated pump piston. 
The present invention overcomes the above referred 

to disadvantages by employing controllable resilient 
means for moving the pump piston responsive to move 
ment of its associated power piston. It is therefore a 
prime object of this invention to provide an elastic fluid 
couping between a power piston of a free piston engine 
and the piston of a hydraulic pump. 

It is a further object of this invention to provide means 
for controlling elastic fluid pressure in the fluid cou 
pling means of the preceding object whereby the stroke 
of the pump piston may be controlled between maxi 
mum and substantially zero without necessarily altering 
the speed of the engine. 

Another object of the invention is to provide means 
for limiting the output pressure of hydraulic fluid de 
livery from the pump automatically. 
A still further object of the invention is to provide 

the fluid coupling means according to the previous ob 
jects with an elastic fluid having a critical temperature 
below the operating temperature of the engine which 
iiimits the maximum pressure of the elastic fluid in the cou 
pling which in turn limits the force applied to the power 
piston during periods when the engine temperature is be 
cw the critical temperature of the elastic fluid. 
These and other desirable and important objects in 

herent in and encompassed by the invention will be more 
readily understood from the ensuing description, the ap 
pended claims and the annexed drawing wherein: 
FIGURE 1 is a longitudinal section, partly broken 

away, showing a portion of a free piston engine block, 
and a power piston thereof, with a hydraulic pump of 
the piston type mounted outboardly and the elastic fluid 
coupling between the power piston and pump piston 
wherin the resiliency is controllable externally. 
FIGURE 2 is a longitudinal section in reduced scale 

from that of FIGURE 1, partly broken away, showing 
a free piston engine with a hydraulic pump of the piston 
type mounted outboardly on each opposed end of the 
engine including the elastic fluid coupling of this inven 
tion between each power piston and its associated pump 
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piston wherein the resiliency of each coupling is con 
trollable externally. 
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In FIGURE 1 of the drawings the numeral 10 desig 

nates a free piston engine of conventional design except 
as hereinafter stated. At this point it should be apparent 
from FIGURE 2 that the engine 10 comprises a second 
power piston 14 in opposed relation with the power pis 
ton 14 and the rightward portion of the engine is sym 
metrical with the leftward portion. Thus the free piston 
engine 9 is conventional in that it is provided with two 
power pistons in axially opposed relation as illustrated 
in FIGURE 2. Since the rightward half of the unit 
shown in FIGURE 2 is constructed similar to the left 
ward half as shown enlarged in FIGURE 1, only the 
left side will be described and it is to be understood that 
the right half is a duplicate thereof and numerals desig 
Eating corresponding parts being primed as shown. 
The engine 0 is provided with the usual block mem 

ber 1 having an end wall or head 22. The block 11 
is provided with a longitudinal cylinder bore 13. Within 
the bore 13 is a power piston A4 in slidable relation. 
The power piston may be provided with the usual seal 
ing rings 15' for preventing passage of air between the 
piston 14 and block 1. Outboardly of the piston 4 
is an elastic reaction chamber 6 sometimes referred to 
as a “bounce chamber.' Immediately inboardly of the 
piston E4 is a compartment 7 for compressing air for 
use in scavenging and providing compressed air for com 
bustion in a conventional manner. As the piston 14 
moves inboardly air is compressed and discharged 
through a relief valve 5 communicatively connected (not 
shown) to the engine's air inlet 19 for admitting com 
pressed air into the engine's combustion chamber 26. 
When combustion occurs in the combustion chamber 20 
the extreme pressure created drives the piston outboardly 
thereby compressing the air in the bounce chamber 6. 
As the piston 4 uncovers the port 2; another port, the 
exhaust port (not shown) is also uncovered and com 
pressed air from inlet 19 scavenges the exhaust gases in 
the combustion chamber 25 and replaces it simultaneously 
with fresh air for the next combustive cycle. During 
this interval a fresh charge of fuel is injected into the 
chamber 20 by a fuel injector (not shown) to provide 
a combustive mixture for the next cycle. Movement 
of the piston 14 outwardly under the influence of com 
bustive pressure compresses the air in the bounce cham 
ber 6 while at the same time a fresh supply of air is 
admitted to the compartment 7 through a check valve 
(not shown). When the force of the combustion is spent 
the piston 14 is urged inboardly by the compressed air in 
the bounce chamber 6 and the cycle is completed. From 
this it is apparent that the outboard movement of piston 
14 is the power stroke thereof because it is moved under 
the direct influence of the power created by the com 
bustion of fuel in the combustion chamber 29. The 
combustion of the fuel-air mixture in the chamber 20 
serves to energize in outboard direction both power pis 
tons 4 and E4 of the engine 10 simultaneously. 

In order to maintain both power pistons 4 and 14 
Synchronized in opposed relation a conventional synchro 
nizing mechanism is employed. Conveniently the syn 
chronizing mechanism may comprise a rack member 22 
having teeth 23 connected to the inboard side of each 
power piston 14 as shown in the drawing. Each of the 
two rack memers 22 is engaged in diametrically op 
posed relation with a pinion gear 24. Thus when the 
pistons 4 and 14 move outboardly the pinion gear 24 
rotates in one direction and when they move inboardly 
the pinion 24 rotates in the other direction thereby main 
taining both power pistons 4 and 14' in synchronized 
relation. 
The description of the drawing up to this point is in 

general intended to be in accordance with that of a free 
piston engine of conventional construction. The par 
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ticular construction of the illustrated embodiment will 
now be described. 

Referring again to FIGURE 1 of the drawing, on 
the head or end wall 12 of the engine 10 is preferably 
mounted an hydraulic pump 25 of the fluid pressure 
actuated type. It will be apparent later herein that the 
pump 25 is not necessarily mounted integrally or rigidly 
on the engine 10 but may be disposed elsewhere. The 
pump 25 may comprise a cylinder casing 26 having a 
cylinder bore 27. Within the bore 27 is disposed an 
hydraulic pump piston 28 in slidable relation. The pump 
piston 28 is provided with a connecting rod 29 adapted 
to slide within a small bore 30 in the end member 31. 
Thus the rod 29 serves as a guide for the pump piston 
28. A vent 32 is provided at the outer end of the end 
member 31 for venting the small chamber 33 to avoid 
compression of air therein. At this point it should be 
mentioned that it is preferable to construct the pump 
piston 28 and its associated rod 29 from low density 
material such as, for example, aluminum or alloys 
thereof. This reduces the force required to move the 
piston 28 in either direction arising from its inertia as 
compared to a high density material Such as iron. 
The pump piston within the bore 27 forms an hy 

draulic pumping chamber 34 and a fluid actuating cham 
ber 35. The hydraulic pumping chamber 34 is con 
municatively connected with a source of hydraulic fluid 
(not shown) through inlet conduit 36 and ball type in 
let check valve 37. In addition the hydraulic pumping 
chamber 34 is communicatively connected to a receiver 
(not shown), such as an accumulator or hydraulic motor 
and the like, through outlet conduit 38 and outlet check 
valve 39. Thus it is apparent that movement of the 
pump piston 28 rightwardly as shown in the drawing 
permits hydraulic fluid intake into the chamber 34 and 
conversely movement in the leftward direction discharges 
hydraulic from the chamber 34 into the outlet conduit 
38. However, a captive compression spring 40 is dist 
posed in the hydraulic pumping chamber 34 positioned 
to urge the piston 28 in a rightward or inboard direc 
tion as shown. It will be apparent that the spring 28 
should possess selected characteristics according to the 
operating characteristics of the engine 10 to achieve maxi 
mum displacement of the piston 28 during pumping cycle. 
The head 12 of the engine 0 is provided with an 

inboardly extending axially disposed sleeve element 41 
as shown in the drawing. The sleeve element 41 and 
head 12 is provided with a bore 42 in co-extensive re 
lation. One end 43 of the bore 42 is open and the other 
end 44 is in communication with the fluid actuating 
chamber 34 as shown. The power piston 14 is provided 
with an axial bore 45 in alignment with the sleeve ele 
ment 41 in slidable relation therewith. The power pis 
ton 14 or sleeve element 41 may be provided with con 
ventional sealing rings (not shown) to function in a 
similar manner as the rings 15' if desired. 

It will be seen that the bore 45 of the power piston 
14 opens on the outboard side thereof to accommodate 
the sleeve element 41. The bore 45 extends inboardly 
slightly greater in length than the maximum stroke of 
the power piston 14 and the sleeve element 41 extends 
inboardly a sufficient distance so that the sleeve element 
41 is still in slidable relation with the bore 45 when the 
power piston 14 is in the inboard position. It will be 
noted that the bore 45 is not open on the inboard end 
thereof. From this it can be seen that the sleeve ele 
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ment 41 and bore 45 of the power piston 14 form a 
variable volume, depending on the position of the power 
piston 14, gas compression chamber 46 and the bore 
or passage 42 forms a fluid passage between the gas 
compression chamber 46 and the fluid actuating cham 
ber 35 of the hydraulic pump 25. 
At this point it is apparent that when ignition of a 

fuel-air charge in the combustion chamber 20 occurs 
the power piston 4 moves outboardly (power stroke) 

70 

75 

4. 
and the volume of the gas compression chamber 46 dim 
minishes resulting in the displacement of gas therein to 
the elastic fluid actuating chamber 35 of the pump 25. 
This displacement of gas now increases the fluid pressure 
in chamber 35 which in turn acts upon the pump piston 
28 in a direction to discharge hydraulic fluid under pres 
sure from the hydraulic pumping chamber 34 through 
the outlet conduit 38. Conversely when the power piston 
14 moves inboardly the elastic fluid in the chamber 35 
returns to the gas compression chamber 46 because the 
volume of the chamber 46 is then progressively increas 
ing. Further, the spring 40 urging the pump piston 28 in 
wardly as shown assists the movement of elastic fluid from 
chamber 35 to chamber 46 and at the same time drawing 
hydraulic fluid into the hydraulic pumping chamber 34. 
Thus the pump 25 discharges hydraulic fluid during the 
power stroke (outboard movement) of the power piston 
14. It may also be apparent to those skilled in the art 
that instead of employing the hydraulic pumping chamber 
34 for pumping hydraulic fluid, the rod 29 may alter 
natively be connected to a separate piston pump and the 
entire structure 25 then becomes the power actuating 
means for such pump. This affords means for pumping 
hydraulic fluid at higher pressure with low displacement 
or vice versa as may be selected. Further the relative 
size of the chamber 46 with respect to the chamber 35 
should be chosen so that the proper displacement of gas 
is obtained during operation for operating the pump 25 
in accordance with requirements. 
From the above it will now become apparent that as the 

differential hydraulic pressure rises between the inlet pres 
sure in conduit 36 and outlet pressure 38, the stroke of 
the pump piston 28 decreases and reaches a limiting maxi 
mum value as the stroke of pump piston 28 approaches 
zero. As the hydraulic pressure differential increases the 
resistance to leftward movement of the pump piston 28 
correspondingly increases and thus the gas in chambers 
35 and 46 and passage 42 is subjected to greater com 
pression due to reduction in mean volume. Therefore 
in order to obtain maximum output of the pump 25 the 
gas pressure in the passage 42 should be slightly above 
atmospheric pressure when the power piston 14 is at its 
inboard position. The reason for the gas pressure at 
slightly above atmospheric pressure is to prevent the pump 
piston 28 at the urging of the spring 40, from reaching 
an abutting position against the wall 47 during opera 
tion. 
Now in order to control the length of stroke of the 

pump piston 28 and thereby control the output of the 
pump 25 to any selected value below its maximum output 
as above described, a means for controlling the mean gas 
pressure in the passage 42 and associated chambers 35 
and 46 is provided. 
A radial bore 48 is provided in the head 2 forming 

a passage 49 which communicates with the passage 42 as 
shown in FIGURE 1 of the drawings. Mounted on the 
head 12 in communication with the passage 49 is a con 
ventional gas inlet check valve 50 which may, for con 
venience, be constructed similar to the hydraulic inlet 
check valve 37 of the pump 25. The inlet side of the 
check valve 50 is communicatively connected to gas 
conduit 5 as shown. The conduit 51 in turn is communi 
catively connected to a source of gas (not shown) prefer 
ably whose pressure is controllable. The pressure of the 
source of gas may conveniently be controlled by con 
ventionally known means such as a pressure regulator. 
If desired however, the conduit 51 may communicate 
directly to the atmosphere but for reasons already stated 
it is preferable that the minimum gas pressure in conduit 
51 should be at least slightly above atmospheric and con 
trollable for higher pressures. It will be noted that bore 
48 is approximately the same diameter as the passage 42 
for reasons to be described later. 

Also mounted on the head 2 is a conventional adjust 
able needle valve 52 having a manually operable rotative 
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knob 53 for adjusting the position of the valve element 
54 with respect to its valve seat 55. The needle valve 
52 should be adjustable from closed position to unre 
stricted open flow position. One port 56 leading from 
the needle valve 52 communicates with passage 49 and 
the other port 57 is connected to conduit 58 leading to a 
gas reservoir (not shown) at approximately atmospheric 
pressure. 
When the needle valve 52 is in closed position gas 

enters passage 42 and chambers 35 and 46 until the se 
lected minimum pressure is reached which will be attained 
when the power piston 14 is completely at inboard posi 
tion. Thereafter the check valve 50 closes unless gas 
leakage occurs between the sliding components. Shouid 
leakage occur the check valve 59 will open to replenish 
the loss. Now if the engine E0 is operated the pump 
piston 28 will reciprocate substantially with that of the 
power piston E4. As the hydraulic pressure differential 
increases the length of the stroke of the pump piston 23 
diminishes until the maximum hydrualic pressure differen 
tial is reached at which time movement of pump piston 
28 will cease. However, the power piston E4 continues 
to reciprocate and thus the engine E0 will not stall. 
Now if it is desired to lower arbitrarily the hydraulic 

pressure differential between conduits 36 and 38 the gas 
pressure in conduit Si is increased. This has the effect 
of moving the mid-stroke position of the pump piston 28 
leftwardly as viewed in the drawing. Moving of the mid 
stroke position of the pump piston 28 leftwardly has the 
effect of increasing the force of the spring 40 which in 
creases the resistance of the pumping stroke of the piston 
28. The increased resistance of the pumping stroke of 
piston 28 is compensated by a corresponding reduction 
in the hydraulic pressure differential between the conduits 
36 and 38. 
Assuming for the moment that the pump 25 is operating 

and it is desired to reduce the output of the pump 25, the 
needle valve 52 is opened progressively until the desired 
reduced output is obtained. Opening of the needle valve 
52 has the effect of reducing the maximum gas pressure 
in the chambers 35 and 46 resulting in a lower displace 
ment of the pump piston 23 thereby reducing the output 
of the pump 25. 

If the needle valve 52 is opened wide, free and 
substantially unrestricted flow of gas therethrough in both 
directions results. Thus no work is done to displace 
pump piston 28 and the output of pump 25 is zero 
because in effect both chambers 35 and 46 are in vent 
ed relation with the conduit 58. If the needle valve 
52 is adjusted to permit restrictive flow therethrough 
the pump piston will be actuated and the restriction 
in valve 52 increases, the length of stroke of piston 28 
correspondingly increases. This feature is of particular 
importance for it not only provides a control means 
for the output of the hydraulic pump 25 but it also 
provides a means for de-actuating the pump 25 during 
the starting operation of the engine B. Thus the engine 
it can be started under a no-load condition. 
From the above it is seen that a means is provided 

for pumping hydraulic fluid by employing a portion 
of the energy obtainable from the engine E0 and the 
balance of the engine's recoverable energy is available 
for conventional use such as operating a turbine. 
Another useful feature of this invention is the em 

ployment of non-corrosive gases having certain physical 
characteristics in the chambers 35 and 46. Ordinary 
atmospheric air may be satisfactorily employed. How 
ever if the gas entering through conduit 51 is selected 
such that its critical temperature is below the operating 
temperature of the engine so that it can be liquified 
under pressure another advantage is achieved. In con 
nection with the use of these gases it should be 
borne in mind that the term “operating temperature' 
of the engine S6 does not refer to the temperature of 
the liquid used to cool the engine but refers to the 
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6 
mean temperature of the gas in passage 62 and chambers 
35 and 46 which is considerably higher than the tem 
perature of the coolant liquid. 

Suppose, for example, that symmetrical dichlorotetra 
fiorethane gas, known commercially as Freon-114, is 
introduced into the chambers 35 and 46 through the con 
duit 55. Now this gas has a boiling point at atmospheric 
pressure of about 38.4 F., and a critical temperature 
of about 294.3 F. at which critical temperature the 
critical pressure is about 474 pounds per square inch 
absolute. Now when the engine G is started the mean 
terriperature of the gas is low and will liquify at a low 
pressure. The liquifying pressure at a given temper 
ature (below critical temperature) represents the maxi 
nium pressure attainable in the chamber 35 at that tem 
perature. As the operating temperature of the engine 
it increases from the starting temperature, the meal 
temperature of the gas also increases since its liquify 
ing pressure increases with temperature rise until criti 
cal temperature is reached. In effect, this limits the 
maximum effective pressure on the pump piston 28, there 
by initing the load upon the engine 6 by the pump 
25. When the operating temperature of the engine 10 
reaches its normal operating range the mean temperature 
of the gas will then exceed its critical temperature 
and thereafter the gas will function in accordance with 
the well-known gas laws and cannot be liquified irre 
spective of pressure. it may now be apparent that an 
important factor is the proper choice of relative sizes 
or displacement of chambers 35 and 46. 
From the above, it can be seen that depending upon 

the operating temperature characteristics of the engine 
15, a non-corrosive gas having appropriate physical 
characteristics, can be selected to achieve the above 
described advantage. For examples, trichlorofluro 
methane (Freon 11), dichlorodifluromethane (Freon 12), 
trifluorochloromethane (Freon 13), chlorodifluorometh 
ane (Freon 22), propyl chloride, methyl chloride, methyl 
fuoride, propane, pentaine, butane and ethyl chloride 
may be advantageously employed. 

Having thus described preferred embodiments of the 
invention, it can now be seen that the objects of the 
invention have been fully achieved and it must be 
understood that changes and modifications may be made 
which do not depart from the spirit of the invention 
nor from the scope thereof as defined in the appended 
claims. 
What is claimed is: 
1. A free piston engine hydraulic pump comprising 

a free piston engine of the opposed power piston type 
having an inboard combustion chamber and an external: 
mounted hydraulic piston pump having fluid pressure 
actuatabie means connected in operative relation for 
actuation by each of said power pistons, each of said 
power pistons having an axial bore opening on the out 
board end thereof, a stationary sleeve element positioned 
for cooperative slidable engagement with each of said 
bores, a fluid passage disposed in each of said sleeve 
elements communicatively connecting said sleeve ele 
ments with said fluid actuatable means of said pump 
whereby said pump is actuated for pumping hydraulic 
fluid responsive to elevation of fluid pressure in said 
sleeve elements during the power stroke of said power 
pistons. 

2. A free piston engine hydraulic pump according to 
claim 1 wherein the actuating fluid in said sleeve ele 
ments is a non-corrosive gas having a critical temperature 
below the normal operating temperature of said power 
pistons. 

3. A free piston engine hydraulic pump according 
to claim 1 wherein the actuating fluid in said sleeve 
elements is selected from the group of fluids consisting 
of halogenated hydrocarbons of less than six carbon 
atOS. 

4. A free piston engine hydraulic pump comprising, 
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in combination, a block member having a pair of power 
pistons axially disposed in synchronized opposed slidable 
relation, and a fuel combustion chamber positioned be 
tween said pistons, each of said power pistons having an 
axial bore extending from the outer surface thereof in 
boardly a distance at least equal to the maximum stroke 
thereof, said axial bores of said power pistons being closed 
at the inboard ends thereof, an axially disposed sleeve 
element mounted on the inner side of each end wall of said 
block member and extending inboardly into each of said 
axial bores of said power pistons in cooperative slidable 
relation, each of said sleeve elements being of a length 
greater than the maximum stroke of said power pistons and 
less than the length of said axial bores in said pistons 
thereby defining an air compression chamber in the in 
board portions of said axial bores, a piston type hydraulic 
pump mounted externally on each of the outer ends of 
said block member, each of said hydraulic pumps having 
a hydraulic pump chamber adjacent the outer surface of 
the pump piston thereof and an air actuating chamber ad 
jacent the inner surface of the said pump piston, resilient 
means positioned to urge the pistons of said hydraulic fluid 
pumps inboardly, and air passage means in said sleeve 
elements communicatively connecting said air compres 
sion chambers respectively with said air actuating cham 
bers of said fluid pumps whereby outboard movement of 
said power pistons compresses air in said air compression 
chambers for actuating said fluid pumps to exhaust hy 
draulic fluid under pressure from said pump chambers and 
said resilient means actuating said fluid pump pistons in 
a direction for hydraulic fluid intake to said pump chain 
bers upon movement of said power pistons inboardly. 

5. A source of variable delivery hydraulic pressure hav 
ing, in combination, a free piston engine of the inboard 
combustion chamber type and a pair of pneumatically 
powered external hydraulic pumps each being actuated on 
the power stroke of the opposed power pistons of said 
engine, one of said pumps being actuated by intermittent 
impulse of compressed air from one of said power pistons 
and the other of said pumps being actuated by intermit 
tent impulse of compressed air from the other power 
piston, each of said power pistons having an air compres 
sion chamber therein adapted to compress air during the 
power stroke of said power pistons, a first air passage 
means disposed in said engine communicatively connect 
ing the air compression chamber of one power piston to 
the actuating means of one of said pumps and a second 
air passage means disposed in said engine communicative 
ly connecting the air compression chamber of the other 
power piston to the actuating means of the other of said 
pumps whereby air is compressed in said air compression 
chambers during the power stroke of said pistons for ac 
tuating said pumps to discharge hydraulic fluid under 
pressure and de-actuating said pumps for hydraulic fluid 
intake during the return stroke of said power pistons. 

6. A source of variable delivery hydraulic pressure hav 
ing in combination, a free piston engine of the opposed 
power piston inboard combustion chamber type and a pair 
of externally mounted hydraulic piston pumps actuated by 
intermittent air pressure differential, each of said power 
pistons having a variable displacement air compression 
chamber therewithin positioned to compress air during 
the power stroke of said power pistons and de-compress 
said air during return stroke of said power pistons, a first 
air passage means disposed in said engine communi 
catively connecting the air compression chamber of one 
power piston with the actuating means of one of said 
pumps and a second air passage means disposed in said 
engine communicatively connecting the air compression 
chamber of the other power piston with the actuating 
means of the other of said pumps whereby during the 
power stroke of said power pistons air in said air com 
pression chambers is compressed and transmitted through 
said passage means to actuate said pumps for discharging 
hydraulic fluid under pressure and during the return stroke 
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3. 
of said power pistons said air in said air compression 
chambers is de-compressed thereby reversing air flow in 
said passage means for de-actuating said pumps and intake 
of hydraulic fluid thereto. 

7. A free pistton engine variable delivery hydraulic 
pump comprising a free piston engine of the opposed 
power piston type having an inboard combustion chamber, 
and an externally mounted hydraulic piston pump having 
fluid pressure actuatable means connected in operative 
relation for actuation by each of said power pistons during 
the power stroke thereof, each of said power pistons having 
an axial bore opening on the outboard end thereof, a sta 
tionary sleeve element positioned for cooperative slidable 
engagement with each of said bores, a first fluid passage 
disposed in said sleeve elements communicatively connect 
ing each of said sleeve elements independently with said 
fluid pressure actuatable means of each of said pumps, a 
second fluid passage disposed in said engine communi 
catively connected to each of said first fluid passages and 
a fluid intake means, and an adjustable valve interposed 
in each of said second fluid passages whereby the stroke of 
said associated pumps is reduced controllably by adjust 
ably bleeding a portion of the fluid in said sleeve elements 
through said adjustable valves. 

8. A free piston engine variable delivery hydraulic 
pump comprising a free pistol engine of the opposed 
power piston type having an inboard combustion chamber, 
and an externally mounted hydraulic piston pump having 
fiuid pressure actuatable means connected in operative 
relation for actuation by each of Said power pistons dur 
ing the power stroke thereof, each of said power pistons 
having an axial bore opening on the outboard end there 
of, a stationary sleeve element positioned for cooperative 
slidable engagement with each of said bores, a first fluid 
passage disposed in said sleeve elements communicatively 
connecting each of said sleeve elements independently with 
said fluid actuatable means of each of said pumps, a sec 
ond fluid passage disposed in said engine communicatively 
connected to each of said first fluid passages, a check valve 
having its inlet communicatively connected to a source of 
fluid and its outlet communicatively connected to each 
of said second passages for controlling the minimum fluid 
pressure in said sleeve elements whereby the stroke of 
said pumps is increased progressively to maximum limit 
responsive to increased pressure of fluid in said fluid 
SOC 

9. A free piston engine variable delivery hydraulic 
pump comprising a free piston engine of the opposed 
power piston type having an inboard combustion cham 
ber, and an externally mounted hydraulic piston pump 
having fluid pressure actuatable means connected in op 
erative relation for actuation by each of said power pis 
tons during the power stroke thereof, each of said power 
pistons having an axial bore opening on the outboard 
end thereof, a stationary sleeve element positioned for 
cooperative slidable engagement with each of said bores, 
a first fluid passage disposed in said sleeve elements com 
municatively connecting each of said sleeve elements inde 
pendently with said fluid actuatable means of each of said 
pumps, a second fluid passage disposed in said engine com 
municatively connected to each of said first fluid passages 
and a fluid intake means, an adjustable valve interposed 
in each of said second fluid passages for controllably re 
ducing the stroke of said pumps by adjustably bleeding a 
portion of the fluid in said sleeve elements through said 
adjustable valves, a check valve having its inlet commu 
nicatively connected to a source of fluid and its outlet 
communicatively connected to each of said second pas 
sages for controlling the minimum fluid pressure in said 
said sleeve elements for progressively increasing the stroke 
of said pumps responsive to increased pressure of fluid 
in said fluid source. 

10. A free piston engine hydraulic pump according to 
claim 9 wherein the actuating fluid in said sleeve elements 
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is a non-corrosive gas having a critical temperature below References Cited in the file of this patent 
the operating temperature of said power pistons. UNITED STATES PATENTS 

11. A free piston engine hydraulic pump according 
to claim 9 wherein the actuating fluid in said sleeve ele- 1,186,485 McClelland ------------- June 6, 1916 
ments is selected from the group consisting of halogenated 5 2,046,491 Scott ------------------- July 7, 1936 
hydrocarbons of less than three carbon atoms. 2,387,603 Neugebauer et al. -------- Oct. 23, 1945 


