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[5 7 ] ABSTRACT 

An improved free piston engine is disclosed with an 
improved bounce compressor which includes a 
bounce compressor cylinder and a bounce compressor 
piston reciprocally movable with respect to each 
other. The engine includes venting means for the 
bounce compressor cylinder which provides a limited 
high velocity ejection of ?uid from such cylinder at a 
location and in a manner adapted to insure regular 
periodic removal of contaminants from a bounce 
chamber within said cylinder_ 

ln one embodiment, passage means formed in the 
bounce compressor piston and bounce compressor 
cylinder, and check valves positioned in the bounce 

' compressor piston, allow the controlled venting of the 
air contained within the bounce compressor chamber 
during a portion of the bounce compressor cycle and 
allow uncontaminated air to be introduced into the 
bounce chamber during another portion of the bounce 
compressor cycle, so as to minimize the contaminants 
in the bounce chamber. Alternate embodiments are 
also shown which similarly permit contaminants or 
contaminated air in the bounce chamber to be vented. 

18 Claims, 5 Drawing Figures 
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FREE PISTON ENGINE BOUNCE COMPRESSOR 

BACKGROUND 

This invention relates to free piston engines 
generally, and speci?cally to improved free piston en~ 
gines having special bounce compressor features. 

In the past, free piston engines have utilized bounce 
compressors to provide the control necessary to allow 
the engine to operate over a wide range of operating 
conditions and to provide all or part of the energy 
necessary to return a power piston within the engine to 
a position where repetitive combustion may occur and 
sustained operation of the engine is possible. 
These bounce compressors suffered from the disad 

vantage of containing a more or less trapped or stale air 
or gas charge which may become fouled by lubricating 
oil or other contaminants. Such a bounce compressor 
thus may present a problem in controlling the free 
piston engine or at least a risk of explosive or other 
damage to the engine. The exact time or effect of such 
fouling on the bounce compressor is unpredictable, 
being dependent on the nature and degree of fouling 
and of the charge. Thus, a generally uncontrolled pres 
sure build-up may occur as a result of the fouling. An 
uncontrolled pressure build-up may result in a loss of 
control, in itself. Moreover, I have found that serious 
damage may also result if the contamination and re 
peated compression in the bouncer compressor 
gradually provides a combustible mixture of lubricating 
oil particles and air in the bounce compressor chamber. 
Such a mixture may be self-ignited on a compression 
stroke within the bouncer. The resulting explosive 
combustion can release energy far in excess of that for 
which the engine housing and parts would otherwise 
need to be designed. 
Some prior engines have included means for opening 

a bounce chamber to the atmosphere at or near the end 
of a stroke where the bounce chamber has its maximum 
volume. These arrangements are not believed, how 
ever, to insure controlled and thorough removal of con 
taminants in a positive manner at each stroke. 

SUMMARY 

The improved free piston engines of the present in 
vention solve the above problems of free piston engines 
with bounce compressors by using novel means to vent 
the bounce compressor chamber while retaining the 
desired operating and control characteristics of the 
bounce compressor. 

Speci?cally, the engine includes venting means for 
the bounce compressor cylinder which provides a 
limited high velocity ejection of fluid from such 
cylinder at a location and in a manner adapted to insure 
regular periodic removal of contaminants from a 
bounce chamber within said cylinder. Brie?y, the free 
piston engines of the present invention utilize a bounce 
compressor which includes a specially located passage 
or valve means to allow a portion of the air or other gas 
within the bounce compressor chamber to escape at 
high velocity during a limited controllable portion of 
each cycle, and means to supply uncontaminated air or 
other gas into the chamber of the bounce compressor. 
Thus, the contaminants are periodically carried away 
with the escaping air or gas without adversely affecting 
basic desired bounce compressor characteristics. Addi 
tional valve means may also be provided to control the 
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2 
entrance of the fresh air or gas from a pressurized 
source to the bounce compressor chamber during an 
appropriate portion of the cycle. Thus, a small portion 
of bounce compressor air or gas is vented to remove or 
carry with it its undesired contaminants and the 
escaped air or gas is replaced by a new supply of air or 
gas through the additional valve means. Speci?c em 
bodiments of the present invention present a venting 
arrangement which incorporates one or more slots or 
passages of carefully predetermined location and cross 
section in the bounce compressor, and particularly a 
venting passage in the lower cylinder wall of the 
bounce compressor. 

It is accordingly one object of the present invention 
to provide for the venting of a bounce compressor of a 
free piston engine to change the air or gas within the 
bounce compressor in such a manner as to effectively 
carry away contaminants with the vented air or gas. 

It is another object of the present invention to pro 
vide a simple venting arrangement which operates au 
tomatically to provide high pressure venting at 
predetermined positions of a bouncer compressor 
piston. 
The manner in which these and other objects and ad 

vantages are achieved will be apparent from the follow 
ing detailed description of illustrative and preferred 
embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, which form a part of 
this application, 

FIG. I is an enlarged schematic, vertical, cross-sec 
tional view'of a vented bounce section which is part of 
the free piston engine of FIG. 4 and is constructed ac 
cording to the present invention, the venting means in 
cluding a passage and valve in the bounce piston itself; 

FIG. 2 is a pressure versus volume curve which is 
useful in explaining the teachings of the present inven_ 
tion; 

FIG. 3 is a partial, vertical, schematic, cross-sec 
tional view of another embodiment of a bounce section 
using the teachings of the present invention; 

FIG. 4 is a partial schematic view of an improved free 
piston engine employing the vented bounce section of 
FIG. 1 according to one form of the present invention; 
and 

FIG. 5 is a view, similar to FIG. 4, of another free 
piston engine which incorporates the vented bounce 
section of FIG. 3. 
Where used in the various ?gures of the drawings, - 

the same numerals designate the same or similar parts. 
Furthermore, when the terms “right," “left," “right 
end,” and “left end" are used herein,. it should be un 
derstood that these terms have reference only to the 
structure shown in the drawings as it would appear to a 
person viewing the drawings and are utilized only to 
facilitate describing the invention. 

DESCRIPTION 

In FIG. 1, a bounce section generally designated at 
10 is shown having a generally cylindrical housing 12 
with a bounce cylinder 14 formed therein. Housing 12 
is closed at its left end by an end wall 15 and has its 
right end attached to another free piston engine part 
17. The housing 12 and part 17, in the form shown in 
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detail in FIG. 1, form a power piston and a compressor 
piston for a free piston engine which is more fully 
shown and explained in relation to FIG. 4. For purposes 
of illustration, the engine is similar to that shown in 
US. Pat. No. 2,025,177 to Pescara. 
A bounce compressor piston generally designated at 

18 is arranged within housing 12 for relative reciprocal 
movement with respect to housing 12 in directions 
parallel to the longitudinal central axis of bounce 
cylinder 14, in both relative leftward and rightward 
directions. (For convenience in explanation, the piston 
is herein said to move with respect to the bounce 
cylinder housing 12. It will be understood, however, 
that in the-embodiment of FIGS. 1 and‘ 4, where the 
bounce chamber is inside the power piston, the bounce 
piston is actually ?xed in position and the combination 
power piston and bounce cylinder does the moving. On 
the other hand, in the device of FIG. 5, the bounce 
cylinder is ?xed and the bounce piston is thevpart which 
actually moves.) Bounce compressor piston 18 is 
shown as a piston having a left face 20, a right face 22, 
and a generally cylindrical sidewall 23 interconnecting 
faces 20 and 22. Bounce piston 18 may move leftward 
with respect to housing 12 from the position shown in 
FIG. 1 until left face 20 reaches a point in the cylinder 
14 indicated by the line “LOL” which is the left opera 
tional limit of the bounce piston. Bounce piston 18 may 
then return rightward with respect to housing l2until 
right face 22 reaches a point in the bounce cylinder 14 
indicated by the line “ROL’T which indicates the right 
operational limit of the bounce piston. - 
A connection means or member 24 is shown as in 

tegrally formed with piston 18 and extending rightward 
through an aperture 26 formed within a wall 28 closing 
the right end of housing 12.‘ Conventional shaft seals 30 
are positioned in aperture 26 to minimize the leakage 
of gas and lubricant between member 24 and aperture 
26 upon the reciprocation of member 24. ' 
As bounce piston 18 reciprocates within cylinder 14 

of FIG. 1, two chambers 32 and 34 are de?ned. 
Chamber 32 is de?ned in bounce cylinder 14 between 
the left face 20 of bounce piston 18 and the right face 
36 of end wall 15. Chamber 34 is de?ned in cylinder 14 
between the right face 22 of bounce piston 18 and the 
left face 37 of wall 28. . I - 

In order to provide venting means for the bounce 
chamber 32, two generally tubular passages 38 and 40 
are formed in member 24. The left end of passage 38 
communicates with chamber 32 by means of a one-way 
control valve means or check valve assembly generally 
designated as 42 formed in an axially extending cavity 
43 in piston 18. 
Check valve 42, which only allows the ingress of ?uid 

into chamber 32, includes a ball 44, a valve spring.46, 
and a threaded retaining ring 48. The other end 50 of 
passage 38 is designed to be connected to a source of 
pressurized ?uid 51, as shown. Fluid source 51 is shown 
in FIGS. 1 and 4 as separate from free piston engine 16. 
However, ?uid source 51 may be a chamber within the 
free piston engine, the atmosphere, or a source of pres~ 
surized fluid outside the free piston engine. 
The left end of passage 40 communicates with a 

generally annular chamber 52 which is de?ned 
between the bounce cylinder 14 and the side wall 23 of 
bounce piston 18. The left and right extremities of the 
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4 
annular chamber 52 are de?ned by a left sealing ring 54 
and a right sealing ring 56 carried by grooves formed in 
bounce piston 18 to control ?uid ?ow between the 
bounce piston 18 and bounce cylinder 14, i.e., to 
minimize the leakage of gases between the bounce 
piston 18 and the bounce cylinder 14 as the bounce 
piston 18 reciprocates within the bounce cylinder 14. A 
one-way control valve means or check valve assembly 
generally designated as 58 is formed in a radially ex 
tending second cavity 59 in piston 18 extending 
between the left end of passage 40 and the chamber 52. 
Cavity 59 has a ?rstv end opening into chamber 52. 
Check valve assembly 58, which only allows the egress 
of fluid from chamber 52, includes a ball 60, a valve 
spring 62, and a threaded retaining ring 64. The other 
end 66 of passage 40 is adapted to be connected to a 
fluid discharge region, designated as 67, which again is 
shown as separate from engine 16 but may be a 
chamber within the engine, the atmosphere, or other 
region outside the engine. 
The venting and control means of this embodiment 

include venting passages 68 and 70, positioned in the 
housing 12. Speci?cally, one or more venting passages 
68, one of which is shown in FIG. 1, are positioned 
around the circumference of and within the cylindrical 
side walls of housing 12 so as to form one or more slots 
in bounce cylinder 14 which provide controlled ?uid 
communicationbetween chamber 32 and chamber 52 
during a limited intermediate portion of the stroke, just 
before the bounce piston 18 nears the left operational 
limit. Thus, slots 68 must be of proper depth within 
housing 12 and appropriate width along the circum 
ference of cylinder 14 to provide the necessary but 
limited ?uidv communication, as will be discussed 
hereinafter. Slot 68 must similarly be of a sufficient 
length along the longitudinal axis of cylinder 14 which 
length must at least exceed the length of sealing ring 54 
to bypass sealing ring 54. The length of slot 68 in this 
embodiment must not, however, exceed a length equal 
to the distance between sealing rings 54 and 56 added 
to the width of sealing rings 54 and 56, so as not to 
bypass both sealing rings 54 and 56, for reasons that 
will become clear hereinafter. Thus, slot 68 provides a 
venting passage which opens into and connects two axi 
ally spaced portions of the cylinder. As bounce piston 
18 moves leftward from its right operational limit, seal 
ing ring 54 passes over slot 68 to provide ?uid comm u 
nication between cavity 59 of ?uid discharge passage 
40 and bounce chamber 32, by way of valve 60, annu 
lar chamber 52, and venting slot 68. The total cross 
section of venting passages 68 is relatively restricted, so 
that limited ?uid communication is provided between 
chamber 52 and chamber 32 without undesired loss of 
pressure in bounce chamber 32 and without disturbing 
the normal engagement of ring 54 with the inner sur— 
face 14 of the cylinder. ‘ 

Similar valve means or venting passages 70 may be 
formed within the sidewalls of housing 12, so as to form 
slots within bounce cylinder 14 adjacent to the right 
operational limit of piston 18 and longitudinally spaced 
from slot 68. As bounce piston 18 moves rightward 
from its left operational limit, sealing ring 56 passes 
over slot 70, and sealing ring 56 is bypassed to provide 
?uid communication between chamber 52 and 
chamber 34 without disturbing ring 56. Thus, slots 70 
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provide limited communication axially between 
chamber 52 and chamber 34 during a portion of the 
stroke near the right operational limit of bounce piston 
18 to vent chamber 34 to the fluid discharge passage 80 
in a similar fashion to the manner in which slots 68, 
chamber 52, valve 60 and cavity 59 vent chamber 32. 
Another passage or slot 72 is formed within the left 

face 37 of wall 28 to provide communication between 
chamber 34 and the atmosphere through a check valve 
assembly 74 comprising a threaded retaining ring 76, a 
ball 78, and a valve spring 80. Check valve assembly'74 
serves as a one~way valve means which only allow in 
gress of air or gas into chamber 34 similarly to the 
fashion that valve means 42 only allows ingress of air or 
gas into chamber 32. 

OPERATION 

Basically, the vented bounce chamber of the present 
invention as shown in FIGS. 1 and 4 operates as a nor 
mal bounce compressor with two exceptions. First, just‘ 
before the bounce piston nears its left operational limit 
and the pressure in the bounce chamber is nearing its 
highest limit, the bounce chamber is vented for a 
limited short portion of the piston stroke to allow a 
small portion of the air or gas in the bounce compressor 
chamber to escape at relatively high velocity and thus 
carry away a portion of the contaminants in the bounce 
chamber during each cycle. Secondly, just before the 
bounce compressor piston nears its right operational 
limit and the pressure in the bounce compressor is ap~ 
proaching its lower limit, a fresh uncontaminated 
supply of air or gas is allowed to enter the bounce com 
pressor chamber. By this venting and replenishing of 
the air within the bounce compressor chamber, the 
range of pressure obtainable from the bounce compres 
sor is somewhat reduced, since there may be little or no 
pressure rise or even a small pressure drop during the 
time the bounce compressor chamber is being vented 
at high pressure, nor can there be the normal pressure 
decrease during the time a new supply of air is being 
provided to bounce the compressor chamber. How 
ever, a range of pressure sufficient to provide the con 
trol requirements of the engine is yet possible through 
proper design. 

Speci?cally, with respect to the embodiment of the 
present invention shown in FIGS. 1 and 4 and the ex~ 
planatory, idealized, pressure-volume curve for 
chamber 32 shown in FIG. 2, the operation is as fol 
lows. Point I on the curve of FIG. 2 occursrwhen the 
pressure is the least and the volume is the greatest in 
chamber 32. Point 1 then corresponds to the time when 
piston 18 is at its right operational limit. As piston 18 
moves leftward from its right operational limit towards 
its left operational limit, the volume within chamber 32 
decreases and the pressure within chamber 32 in 
creases as shown on the curve between points 1 and 2. 
At point 2, sealing ring 54 is positioned over the right 

edge of slot 68 in a manner that sealing ring 54 is 
bypassed and chamber 32 can communicate with 
chamber 52. By proper design and proper selection of 
the total cross section of passages 68 and of the valve 
spring 62 of the valve assembly 58, the force applied to 
the ball 60 by the pressure differential between 
chamber 32 and the discharge region 67 at point 2 of 
the curve can overcome the retarding force of spring 

IO 

20 

25 

45 

50 

55 

65 

6 
62, push ball 60 back from its seat on retaining ring 64, 
and allow air to escape from chamber 32, through slot 
68, through chamber 52, through check valve assembly 
58,.through passage 40, and enter the ?uid discharge 
region 67. Since chamber 32 is being vented during the 
time sealing ring 54 passes over the length of slot 68, 
the volume of chamber 32 is decreasing but there may 
be no pressure rise in chamber 32 during that portion 
of the stroke. This is illustrated by the ?at portion of 
the idealized curve between point 2 and 3. As piston 18 
continues to move leftward towards-its left operational 
limit, sealing ring 54 passes beyond the left edge of slot 
68 and the pressure in chamber 32 again begins to rise 
as the volume in chamber 32 is decreased. This phase 
of operation is illustrated between points 3 and 4. The 
piston 18 then reaches its left operational limit and 
reverses direction to move rightward within cylinder 
14. Until sealing ring 54 again reaches slot 68, pressure 
decreases within chamber 32 as the volume of chamber 
32 increases along line 4—-3 in FIG. 2. As sealing ring 
54 again reaches the left edge of slot 68, chamber 32 
may again be vented through passage 40. Since valve 
spring 62 was chosen with the pressure at point 3 in 
mind, however, no further venting of chamber 32 takes 
place, and the pressure in chamber 32 continues to 
decrease along curve 3-5 in FIG. 2. At point 5 of the 
curve, the pressure differential across check valve as 
sembly 42 exceeds the preselected retarding force of 
valve spring 46 and a fresh supply of air enters chamber 
32 from ?uid source 51, through passage 38, and check 
valve assembly 42. The entrance of this fresh supply of 
air prevents any substantial further pressure decrement 
in chamber 32 as the volume continues to increase. 
Thisis illustrated by the ?at portion of the idealized 
curve between point 5 and point 1. 
As also shown in FIG. 2, if the total cross section of 

passage 68 is larger, or if the pressure setting for open 
ing check valve 60 is lower, there could be a loss of 
bounce chamber pressure as shown by dotted line 2 
3A, with corresponding to in the remainder of the pres 
sure curve from 3A TO 4A to 5A, etc. A more 
restricted venting passage or shorter venting period 
could similarly vary the pressure curve 2—3—4—-5 on 
the higher pressure side. The important thing is to 
retain sufficient pressure at point 4 for the desired 
bounce chamber control and to achieve the desired 
venting at a velocity and in a manner designed to “spit 
out" any liquid or other contaminants from the bounce 
chamber. 

Thus, this bounce compressor chamber 32 is vented 
by slot 68, and the venting is piston controlled so that 
only a small portion of the air within chamber 32 
escapes. This limited, high-velocity venting of a portion 
of the air within chamber 32, of necessity, carries a por 
tion of the contaminants within chamber 32 with it to 
continually purge chamber 32 of contaminants. Since 
the air supply within chamber 32 is replenished ‘during 
each cycle, predictable repetitive operation bf the 
bounce compressor may be achieved, and the danger of 
explosive damage is minimized. 

It may now be seen that chamber 34 is similarly 
vented through a similar venting passage or slot 70, 
check valve assembly 58, and passage 40, just before 
the piston 18 nears its right operational limit, as slot 70 
bypasses sealing ring 56 and briefly connects chambers 
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52 and 34. A fresh supply of air is supplied to chamber 
34 during each cycle through check valve assembly 74, 
when the pressure differential across check valve 74 
exceeds the preselected retarding force of valve spring 
‘80 in a similar fashion to that explained in relation to 
chamber 32 and check valve assembly 42. The exact 
duplication of- the venting for chamber 32 is not neces~ 
sary for chamber 34; however, some venting ~or 
replenishing of air of chamber 34 is necessary, if it is 
desired to prevent uncontrolled pressure from existing 
in'chamber 34. ' . 

As shown more fully in FIG. 4, part 17 ‘forms a com 
pressor piston within engine 16. Compressor piston‘ 17 
reciprocates within a compressor cylinder 100 formed 
within a housing 102 of engine 16 to de?ne a compres 
sor chamber 104 between a right face 106 of compres 
sor piston 17 and a left face 108 of an end wall 110 of 
housing 102. Another chamber 112 is de?ned leftward 
of the left face 114 of compressor piston '17, which 
chamber communicates with the atmosphere through 
an aperture 116 formed in housing 102 adjacent 
chamber 112. 

Conventional intake valves 118, two of which are 
schematically shown in compressor piston 17, provide 
air from the atmosphere entering chamber 112 through 
aperture 116 to compressor chamber 104. After being 
compressed by compressor piston 17, the air is forced 
through conventional exhaust valves, one of which is 
schematically shown at 120, and to a receiver 122 for 
use. ~ . 

g A 'power cylinder 124 is also formed within housing 
102 and cylindrical housing 12 of FIG. 1 forms a- power 
piston 12 which reciprocallyv , moves within power 
cylinder 124. A left face 126 of end wall 15 of cylindri 
cal housing 12 of FIG. 1 forms a power face 126 of 
power piston 12. A chamber 128, leftward of power 
face 126, is the chamber in which combustion occurs to 
provide power for the engine. Power face 126 and 
power piston 12 are shown in FIG. 4 at the outer-dead 
point of the engine, which point conforms to the bot 
tom-dead_center in 1a crank type engine, with the ex 
haust ports 130 shown exposed. 

In FIG. 4, with power face 126 of power piston 12 at 
the outer-dead-point, as shown, bounce piston 18 is at 
the left operational limit (LOL) of FIG. 1. Energy 
stored in the compressedair within chamber 32 of' 
bounce section 10 and in compressor chamber 104 
forces power piston 12 leftward to provide the next 
compression stroke of the free piston engine 16. Left 
ward movement of power piston 12 also causes bounce 
piston 18 to move relatively with respect to wall 15 
from its left operational limit towards its right opera 
tional limit ( ROL) within cylinder 14 to provide a pres 
sure‘stroke relationship as shown along the line 4—5 in 
FIG. 2. During this leftward movement of power piston 
12, chamber 34 is vented through valve 58 when piston 
ring 56 passes over slot 70 formed within cylinder 14, 
as explained with respect to FIG. 1. Upon completion 
of the compression stroke of power piston 12, piston 18 
is located at its right operational limit within and rela‘ 
tively to cylinder 14, and combustion of gases in 
chamber 128 forces power piston 12 rightward on its 
power’ stroke to thus cause bounce piston 18 to move 
from its relative right operational limit towards its left 
operational limit along line 1-2 in FIG. 2. During this 
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movement, bounce chamber 32 is vented through valve 
58 as piston ring 54 passes over slot 68. During this 
same stroke, a fresh charge is provided for chamber 34 
through valve 74 at the appropriate time. At the 
completion of the power stroke, the energy stored in 
the compressed air within chamber 32 and compressor 
chamber 104 again urges power piston .12 leftward to 
repeat the cycle, and a fresh charge is provided for 
chamber 32 through valve 42 at the appropriate time. 

Since the operation of the remaining half of engine 
16 shown in FIG. 4 is identical to that just described, 
with mirror image symmetry, no explanation of this 
remaining half is included. Also, while the source of 
?uid 51 is shown in FIG. 4 as an air pressure source 
outside of engine 16, source 51 may as well be the com 
pressor chamber 104 of engine 16. Further, while ?uid 
discharge region 67 is shown as a separate entity, it may 
as well be the atmosphere or the intake duct of the 
compressor. 

The embodiment of the present invention shown in 
FIGS. 3 and 5 operates in a similar fashion to the em 
bodiment of FIGS. 1 and 4 except that the embodiment 
shown in FIG. 3 is a venting arrangement which does 
not require passages or valves within the ‘piston, 
thereby further illustrating the basic operation of the 
present invention. As shown in detail in FIG. 3, the slot 
68 is formed of such length as to bypass both sealing 
ring 54and sealing ring 56 as the piston 18 travels 
between its right operational limit and its left opera 
tional limit. ' g 

The venting of chamber 32 is thus accomplished by 
way of passage 68, chamber 52 and annular chamber 
34 during the portion of the swept stroke of piston 18 
where slot. 68 does so connect chamber 32 and 
chamber 34. As shown in FIG. 5, there is a speci?c 
check valve assembly 42 providing a fresh supply of air 
to chamber 32. Thus, the basic function of purging 
bouncer compressor chamber 32 of contaminants will 
be achieved. - 

For purposes of illustration, the free piston engine 
shown more fully in FIG. 5 is similar to that shown in 
Pat. No. 2,l89,497 to Pescara. In FIG. 5, cylindrical 
housing 12 and part 17 form a part of housing 102 of 
free. piston engine 25. Bounce piston l8v then 
reciprocates with respect to housing 102 within bounce 
cylinder 14, and connection member 24 connects 
bounce piston 18 to a compressor piston designated 
150. Connection member 24 is of small enough diame 
ter with respect to cylinder 14 to provide annular 
chamber or passage 34 communicating between vent 
ing passage 68 and compressor chamber 154 when the 
parts are in the position of FIG. 5. Compressor piston 
150 reciprocates within a compressor cylinder 152 to 
de?ne the compressor chamber 154 between the left 
face 156 of compressor piston 150 and the housing wall 
part 17 of FIG. 5. 
Another chamber 158 is de?ned rightward of the 

right face 160 of compressor piston 150 which 
chamber communicates with the atmosphere through 
an aperture 162. Conventional intake valves, two of 
which are schematically represented at 164, provide air 
from the atmosphere entering chamber 158 through 
aperture 162 to compressor chamber 154. After being 
compressed by compressor piston 150, the air in 
chamber 154 is forced through conventional exhaust 
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valves, one of which is shown schematically at 166, and 
to a receiver 168 for use. 

A power cylinder 170 is also formed within housing 
102, and a power piston 172 reciprocally moves within 
power cylinder 170 to de?ne one end of a combustion 
chamber 174. In the embodiment of the present inven 
tion shown in FIG. 5, with the power piston 172 at its 
outer-dead-point as shown, piston 18 within bounce 
section 10 is at its left operational limit (LOL) within 
and relative to cylinder 14. 

In the position shown in FIG. 5, the energy stored in 
the compressed air within chamber 32 and compressor 
chamber 154 forces power piston 172 rightward to 
begin its compression stroke. During this stroke, as 
compressor piston also moves rightward, air will enter 
chamber 154 through opening 162, chamber 158 and 
valves 164. This rightward movement of power piston 
172 also causes the bounce piston 18 to move from its 
left operational limit towards its right operational limit 
(ROL). 
When combustion occurs in chamber 174, the power 

piston 172 and connected parts will be driven back to 
the left. During this leftward movement of power piston 
172, chamber 32 is brie?y vented by means of venting 
passage or slot 68 during the limited portion of the 
stroke when sealing rings 54 and 56 are bypassed by 
slot 68 as in the position of FIG. 3. At that time, 
passage 68 interconnects chamber 32 with chamber 34 
and compressor chamber 154 to provide for the 
“splitting out” of a limited amount of air or gas and 
thus to carry out liquid or other contaminants to 
chamber 154 and ultimately out through valve 166. 

Passage 68 is then closed when sealing ring 54 moves 
beyond it to the left during ?nal compression in the 
ounce chamber 32. On the next return stroke to the 
right when the pressure inv chamber 32 drops to a 
predetermined point, a fresh charge of air is provided 
to chamber 32 through one-way valve 42; which is 
shown in the embodiment of FIG. 5 as attached to the 
exterior of housing 12, rather than within piston 18, as 
in FIGS. land 4. 
Upon the completion of each rightward compression 

stroke of power piston 172 and with powerpiston 18 at 
its right operational limit, combustion within chamber 
174 initiates the- power stroke of engine 16 to the left. 
Power piston 172 and hence bounce piston 18 then 
move leftward to thus move bounce piston 18 from its 
right operational limit towards its left operational limit. 
Chamber 32 is again vented as slot 68 bypasses both 
sealing rings 54 and 56 to provide ?uid communication 
between chamber 32 and compressor chamber 154. ‘ 
Further travel of power piston 172 leftward brings the 
interconnected bounce piston 18 to its left operational 
limit, whereupon the energy stored in the compressed 
air or gas within chamber 32 and compressor chamber 
154 again forces powerpiston 172 and the attached 
bounce piston 18 rightward to repeat the cycle. 

Again, the remaining half of engine 25 is symmetrical 
to that already explained and the operation thereof 
need not be explained further. It is to be noticed that in 
this embodiment, the source of air or gas for replacing 
that which escapes during venting of the bounce 
chamber is taken to be the atmosphere, e.g., through 
valve 42A shown in FIG. 5, and the fluid discharge re 
gion is taken to be compressor chamber 154. 
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Also, it is to be noted that the specific embodiment 

shown in FIG. 1 or parts thereof may be used in place 
of the construction of FIG. 3 in a free piston engine of 
the type shown in FIG. 5 with limited changes in con 
struction, for example, with end 50 of passage 38 ( F IG. 
1) communicating with compressor chamber 154 (FIG. 
5) through an appropriate opening in the side of 
member 24, and with end 66 of passage 40 (FIG. 1) 
communicating with chamber 158 (FIG. 5) through an 
appropriatev opening in the side of power piston 172 
close to face 160. 
Now that the basic teachings of the present invention 

have been explained, many other extensions and varia 
tions will be obvious to one having ordinary skill in the 
art. For example, many types of valves other than the 
ball check valve assemblies shown may be used accord 
ing to the teachings of the present invention. 

Also, while piston rings have been shown as the 
means sealing the bounce chamber 32, other types of 
sealing means may be used with the teachings of the 
present invention. Such sealing means may be labyrinth 
seals or close tolerance sealing between the bounce 
piston 18 and the bounce cylinder 14. 

Furthermore, it will be noted that the preferred em 
bodiment of the invention takes advantage of the high 
pressure generated within the bounce chamber itself, 
and also of the scraping effect of the bounce piston 
within the bounce cylinder walls. Thus, in FIGS. 1 and 
3, the venting passage 68 is located at a lower inner sur 
face of the bounce cylinder, i.e., the surface to which 
?uid or solid contaminants would normally flow by 
gravity. The venting passage is also located at a point 
which is passed by the lower inner edge of the bouncer 
piston. Thus, oil or other liquid or contaminants which 
might be on the inner surface of the bounce cylinder 
will be scraped along by the edge of the piston to the 
immediate location of the venting passage, so that these 
contaminants will be in position to be forced out 
through the passage when the piston ring reaches a 
position which effectively opens such passage. In this 
arrangement, the air or gas to be vented from the 
bounce compressor chamber cannot escape without 
actually carrying with it, or pushing ahead of it, some of 
the undesiredcontaminants. 

It will be apparent, however, that the invention may 
take other forms in which, for example, compressed air 
or gas is injected from a source other than the bounce 
chamber itself and/or in which the shape and relative 
location of the parts, including the venting passage, 
provides a sweeping or scavenging action within the 
bounce chamber in somewhat the same manner'as the 
well known scavenging methods which are adapted to 
remove exhaust gases from power cylinders in such en 
gines. 

‘ It can also be seen from FIG. 2 that if the desirable 
amount of venting becomes so large as to have an ap 
preciable effect on efficiency, the energy lost could at 
least partially be regained by “venting" the air from the 
high pressure vent into the compressor or scavenge 
pump at an appropriate pressure level. Also, the 
amount of “venting” air or gas may be increased pur 
posely to achieve a cooling effect in the bounce 
chamber. This could be of particular value in cases 
where wall 15 represents a portion of the power piston, 
such as for instance in FIG. 4. 
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In the preferred embodiments shown herein, the 
venting passage is opened to the bounce chamber only 
during the last half of the relative movement or stroke 
of the bounce piston in the direction of increasing pres 
sure in the bounce chamber, i.e., the last half of the 
stroke as the piston is on its way to the top (i.e., high 
pressure) dead center position of the bouncer. 
The foregoing specification accordingly describes 

the background and nature of the invention and some 
of the ways of practicing it, including those embodi 
ments presently contemplated as the best mode of car 
rying out the invention. 
What is claimed is: _ 

1. In a free piston engine, a bounce compressor in 
cluding a bounce cylinder, a bounce piston within the 
bounce cylinder and de?ning at least one bounce 
chamber therein, one of the bounce cylinder and 
bounce piston being operatively connected to the en 
gine whereby the bounce cylinder and bounce piston 

_ are relatively and reciprocally movable with respect to 
each other to provide desired control requirements of 
the engine during operation, and improved venting and 

20 

control means for said bounce chamber, said venting ‘ 
and control means including venting passage means of 
restricted cross section, and ?uid controlling means 
selectively opening said ventingpassage means to said 
bounce chamber during only a limited portion of that 
half of the relative reciprocal movementvof said piston 
and cylinder in which the bounce chamber pressure has 
increased, the venting passage means and ?uid con 
trolling means having a construction and relative ar 
rangement and location providing, during’ said limited 
portion’ of movement, a brief, controlled high-velocity 
ejection of a small portion of ?uid from said chamber 
through said venting passage means at a velocity and 
location providing effective removal of contaminants 
from said chamber with said ?uid while maintaining 
suf?cient compression pressure in the bounce chamber 
at the end of a bounce compression stroke to provide 
desired control requirementsof the engine, and means 
for replacing the ejected ?uid. I 

2. A free piston engine according to claim 1 in which 
said means for replacing the ejected ?uid includes 
means for adding ?uid to the bounce chamber at a tem 
perature and inan amount providing cooling of the 
bounce chamber during operation of the engine. 

3. A free piston engine according to claim 1 in which 
said venting passage means is opened to said bounce 
chamber during an intermediate portion of said relative 
‘reciprocal. movement while the bounce chamber ap 
proaches its minimum volume and is closed to said 
bounce chamber during the ?nal portion of said rela 
tive movement in which the bounce chamber reaches 
its minimum volume thereby further increasing the 
bounce chamber pressure during said ?nal portion of 
said relative movement and accordingly storing further 
energy by compression of said ?uid in preparation for a 
return stroke. ‘ V I 

4. A free piston engine according to claim 3 in which 
said venting passage is opened to said bounce chamber 
during an intermediate portion of the last half of the 
relative movement of the bounce piston in the direction 
of increasing pressure in the bounce chamber. 

5. A free piston engine according to claim 3 in which 
said venting passage and said means selectively opening 
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the venting passage includes a passage located at a 
lower inner surface of said bounce cylinder at a point 
passed by a lower edge of said bouncer piston during a 
limited portion of its compression stroke, thereby 
utilizing said piston to scrape solid and liquid contami 
nants along said lower surface to said venting passage 
for controlled high‘ velocity ejection of pressurized ?uid 
and entrained contaminants through said passage. 

6. A free piston engine according to claim 1 ‘in which 
said venting passage opens into and connects two axi 
ally spaced portions of said cylinder, said bounce piston 
has at least one sealing ring moving with itand engag 
ing said cylinder, and said sealing ring moves along said 
cylinder from a ?rst sealing position spaced from both 
of said cylinder portions toward one end of the cylinder 
to an intermediate venting position between said 
spaced cylinder portions, to a second sealing position 
spaced from both said cylinder portions toward the op 
posite end of the cylinder, said sealing ring thereby 
constituting at least part of the means selectively open~ 
ing said venting passage to said bounce chamber during 
said limited portion of movement. 

7. Av free piston engine having, in combination, a 
power piston, a bounce compressor including a bounce 
cylinder, a bounce piston within the bounce cylinder 
and de?ning at least one bounce chamber therein, one 
of the bounce cylinder and bounce piston being opera 
tively connected to the power piston whereby the 
bounce cylinder and, bounce piston are relatively and 
reciprocally movable with respect to each other to con 
trol the movement of the power piston during opera 
tion of the engine, and improved venting and control 
means for said bounce chamber, said venting and con 
trol means including venting'passage means for com 
municating with a ?uid discharge region and designed 
to communicate with the one bounce chamber in only 
certain positions of the bounce piston, and ?uid con 
trolling means for selectively controlling the communi 
cation of the venting passage means with the one 
bounce chamber, said ?uid controlling means being ef 
fective to connect the venting passage means with the 
bounce chamber during a portion of the cycle of rela 
tive movement of the bounce’ piston and cylinder in 
which the pressure in the bounce chamber has in 
creased, thereby providing a brief high velocity ejec 
tion of ?uid and contaminants from the bounce 
chamber through the venting passage means, and said 
?uid controlling means and venting passage means hav 
ing a cooperating construction’ and relative location 
limiting the high velocity ejection to only a small por 
tion of the ?uid compressed in the bouncer chamber 
and thereby maintaining sufficient pressure within the 
bounce chamber at the end of a bounce compression 
stroke to provide desired control of the power piston 
movement. 

8. The apparatus of claim 7, including one-way con 
trol valve means positioned in the passage means to 
only allow the egress of ?uid from the bounce chamber 
through the passage means. 

9. The apparatus of claim 7, including one-way con 
trol valve means arranged relative to the bounce 
chamber to only allow the ingress of ?uid into the 
bounce chamber, and including second passage means 
having one end communicating with the valve means 
and having another end arranged to communicate with 
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a source of ?uid to provide fresh ?uid to the bounce 
chamber during a portion of the bounce compressor 
cycle. _ 

10. In a free piston engine, a bounce compressor in 
cluding: a bounce cylinder, a bounce piston recipro~ 
cally movable within and relative to the bounce 
cylinder and de?ning at least one bounce chamber in 
the bounce cylinder, passage means communicating 
with a ?uid discharge region and designed to commu~ 
nicate with the one bounce chamber in certain posi 
tions of the bounce piston, and ?uid controlling means 
for selectively controlling the communication of the 
passage means with the one bounce chamber including 
sealing means positioned around the bounce piston 
between the bounce piston and the adjacent wall of the 
bounce cylinder, the v?uid controlling means being ef 
fective during a portion of the cycle of relative move 
ment of the bounce piston to connect the passage 
means with‘the bounce chamber to vent the bounce 
chamber and allow ?uid along with any contaminants 
therein to ?ow to the ?uid discharge region, wherein 
the ?uid controlling means includes at least one slot 
formed in the bounce cylinder and extending longitu 
dinally of the bounce cylinder, and wherein the bounce 
piston includes connection means and the passage 
means is formed within the bounce piston with a ?rst 
end of the passage means formed in the side of the 
bounce piston and a second end of the passage means 
formed in the connection means to allow ?uid commu 
nication from the bounce chamber to the ?uid 
discharge region when the position of the bounce 
piston causes the first end of the passage to align with 
the slot. ‘ I 

11. The apparatus of claim 10, wherein the sealing 
means comprises at least one sealing ring carried by the 
bounce piston between the first end of the passage 
means and the bounce chamber, and wherein the slot is 
of sufficient length to bypass the sealing ring carried by 
the bounce piston during a portion of the cycle of the 
bounce compressor to allow ?uid communication 
between the ?rst bounce chamber and the ?uid 
discharge region during that portion of the cycle of the 
bounce compressor. 

12. The apparatus of claim 11, wherein the bounce 
piston carries at least two sealing rings spaced from 
each other to form a second bounce chamber between 
the sealing rings and between the bounce piston and 
the adjacent wall of the bounce cylinder, 'wherein the 
length of the slot is sufficient to bypass the sealing ring 
adjacent the ?rst bounce chamber but less than 
required to bypass both sealing rings, andiwherein the 
first end of the passage means is positioned in the 
bounce piston adjacent the second bounce chamber. 

13. The apparatus of claim 12, including one-way 
control valve means positioned in the passage means to 
only allow the egress of ?uid from the second bounce 
chamber. _ 

14. The apparatus of claim 13, wherein the bounce 
piston includes second one-way control valve means 
positioned adjacent the ?rst bounce chamber and ar 
ranged to only allow the ingress of ?uid into the ?rst 
bounce chamber, and wherein the bounce piston and 
the connection'means include second passage means 
having a ?rst end communicating with the second valve 
means and having a second end arranged to commu~ 
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nicate with a source of ?uid to allow fresh ?uid to enter 
the ?rst bounce chamber during a portion of the 
bounce compressor cycle. 

15. The apparatus of claim 14, wherein a ?rst cavity 
is formed within the bounce piston with a ?rst end of 
the ?rst cavity communicating with the second bounce 
chamber and a second end of the ?rst cavity commu 
nicating with the ?rst end of the ?rst passage means; 
wherein the ?rst one-way control valve means com~ 
prises a ball check valve assembly positioned in the first 
cavity and including an adjustable retaining ring posi 
tioned within the ?rst cavity near the ?rst end, a valve 
seat being formed in the side of the retaining ring ad 
jacent the second end, including a ball positioned in the 
valve seat, and including a valve spring having one end 
in contact with the ball and having the other end in 
contact with the second end of the ?rst cavity for ap 
plying a force to the ball tending to maintain the ball in 
the valve seat unless force applied to the ball by the 
pressure differential between the ?uid discharge region 
and the second chamber overcomes the force applied 
by the valve spring to allow ?uid from the second 
chamber to ?ow into the ?uid discharge region; 
wherein a second cavity is formed within the bounce 
piston with a ?rst end of the second cavity commu 
nicating with the ?rst chamber and aisecond end of the 
second cavity communicating with the ?rst end of the 
second passage; and wherein the second one-way con 
trol valve means comprises a second ball check valve 
assembly positioned in the second cavity and including 
a valve seat formed in the bounce piston adjacent the 
second end of the second cavity, including a ball posi~ 
tioned in the valve seat, including a retaining ring posi 
tioned in the bounce piston adjacent the ?rst end of the 
second cavity, and including a valve spring having one 
end in contact with the retaining ring and the other end 
in contact with the ball for applying a force to the ball 
tending to maintain the ball in the valve seat unless the 
force .applied to the ball by the pressure differential 
between the source of ?uid and the ?rst chamber over 
comes the force applied by the valve spring to allow 
?uid from the source of ?uid to ?ow into the first 
chamber. 

16. The apparatus of claim 12 wherein the bounce 
piston has ?rst and second faces, the ?rst face being ad 
jacent the ?rst bounce chamber, wherein the bounce 
piston de?nes a third bounce chamber in the bounce 
cylinder, the third bounce chamber being de?ned ad 
jacent the second face of the bounce piston, and 
wherein the apparatus includes at least one second slot 
formed in the housing and extending longitudinally of 
the bounce cylinder, the second slot being longitu 
dinally spaced from the ?rst slot and being of sufficient 
length to bypass the sealing ring adjacent the third 
bounce chamber but shorter than required to bypass 
both sealing rings, the second slot venting the third 
bounce chamber during a portion of the cycle of the 
bounce compressor for allowing the venting of at least 
a part of any contaminants within the third bounce 
chamber. 

17. The apparatus of claim 16, including one-way 
control valve means positioned adjacent the third 
bounce chamber and arranged to only allow entrance 
of ?uid into the third bounce chamber to allow fresh 
?uid to ?ow into third chamber during a portion of the 
bouncer compressor cycle. 
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18. In a free piston engine, a bounce compressor in 
cluding: a bounce cylinder, a bounce piston recipro 
cally movable within and relative to the bounce 
cylinder andde?ning at least one bounce chamber in 
the bounce cylinder, passage means communicating 
with a ?uid discharge region and designed to commu 
nicate with‘the one bounce chamber in certain posi 
tions of the bounce piston, and ?uid controlling means 
for selectively controlling the communication of the 
passage means with the one bounce chamber including 
sealing means positioned around the bounce piston 
between the bounce piston and the adjacent wall of the 
bounce cylinder, the ?uid controlling means being ef 
fective during a portion of the cycle of relative move 
ment of the bounce piston to connect the passage 
means with the bounce chamber to vent the bounce 
chamber and allow ?uid along with any contaminants 
therein to ?ow to the ?uid discharge region, wherein 
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the sealing means includes ?rst and second axially 
spaced sealing means between the piston and the 
bounce cylinder, the ?rst sealing means being adjacent 
the bounce chamber and the second sealing means 
being axially spaced from the bounce chamber; 
wherein the bounce piston defines a second chamber in 
the bounce cylinder, the second chamber being de?ned 
adjacent the second sealing means of the bounce piston 

, at the opposite axial side of the second sealing means 
from the bounce chamber and first sealing means; and 
wherein'the ?uid controlling means includes slot means 
positioned in the bounce cylinder and extending lon 
gitudinally of the bounce cylinder, the slot means ar 
ranged to bypass both of the ?rst and second sealing 
means during a portion of the bounce compressor cycle 
to provide ?uid communication between the first 
bounce chamber and the second chamber. 

‘It * * # * 


