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UNITED STATE 
2435,970 

s PATENT OFFICE 
2435,970 

FREEPSTON ENGINE PRESSUR 
CONTRO MEANS 

Frank M. Lewis, Weston, Mass, assignor, by 
mesne assignments, to ima-amilton Corpo 
ration, New York, N. Y., a corporation O 
Virginia 
Application June 14, 1945, Serial No. 5998 

This invention relates to pressure balancing 
means for use in connection with engines of the 
free piston type and to a method of control. 
The present application is a continuation in 

part of my application Serial No. 548,115, filed 
August 4, 1944, now abandoned, 
The apparatus and method relate particularly 

to the employment of an internal combustion en 
gine of the free piston type to supply hot gas un 
der pressure for driving a turbine or for other 
purposes. The engine power is utilized to pump 
air into a scavenging receiver from which it passes 
to Scavenge the combustion chamber, from which 
chamber it is discharged, together with the prod 
ucts of combustion, into a turbine or other means 
for utilizing the discharged gases. 

In Such engines, it has been found highly de 
sirable, for proper operation, to cause the free 
pistons to generate, not only a direct bounce pres 
Sure, a compressor pressure and a scavenging re 
ceiver pressure, as has heretofore been accom 
plished, but also a reverse bounce pressure, and 
to regulate said pressures to maintain proper re 
lationship therebetween. Since the movement of 
the pistons is dependent upon the relationship of 
the pressures tending to move them in opposite 
directions, it is necessary, for proper operation, 
to maintain a proper relationship between the 
said several pressures, and to increase or decrease 
the direct bounce pressure in accordance with a 
variance of Some or all of the other pressures. 

It will be seen that any variance in the pressure 
against which the exhaust is discharged changes 
the pressure in the scavenging receiver and that 
in turn changes the length of the stroke, the 
mean preSSure in the compressor, the direct 
bounce pressure and the reverse bounce pressure. 
Similarly, any change in the fuel consumption on 
each stroke varies the stroke and each of the 
pressures involved to at least some extent. Also, 
incidentally, variations in the operation of the 
motor, due to increased or decreased friction, 
variations in gas transfer from any cause, 
changes in temperature, etc., result in changed 
pressures. 
Obviously, the output of the engine may be 

varied by varying the fuel supply. However, there 
is a tendency for the stroke to vary with the 
amount of fuel consumed on each stroke, and 
since the exhaust and inlet ports are in fixed 
positions, the stroke must have a certain length 
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uing to operate within close limits as to exhaust 
gas pressures, 
Another object is to provide for idling the en 

gine with a minimum of fuel on each stroke and 
a minimum of stroke frequency when output is 
not to be utilized. 
Another object is to control the cyclic fre 

quency at or near the normal maximum output 
without variation in the fuel on each stroke or 
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in order for these ports to function properly. This 
sets a lower limit to the variation in fuel with 
out other adjustments. Similarly, the length of 
the cylinders sets obvious upper limits to control 
by amount of fuel alone. 
One object of this invention is to provide a 

means and method for controlling an engine of 
this type whereby relatively wide variation may 

55 

excessive stroke variation, by controlling the 
maximum direct and reverse bounce pressures. 
Another object is to enable the machine to 

produce gas for limited periods of time in excess 
of that being delivered at the normal maximum 
output. 
Another object is to provide a manually oper 

able governor whereby the peak reverse bounce 
pressure is automatically maintained substan 
tially constant for successive cycles at the se 
lected amount of pressure determined by the gov 
ernor setting. 
Another object is to provide an automatic 

governor which maintains the proper relation of 
pressures, including the maximum direct and re 
verse bounce pressures, the Weighted mean con 
pressor pressure, and the scavenging receiver 
pressure, through all operations of the engine, 
from idling to maximum output. 
Another object of the invention is to provide 

a governor which automatically increases or de 
creases the maximum direct bounce pressure to 
restore the proper relation of pressures upon any 
change in the maximum direct bounce pressure, 
the weighted mean compressor pressure, or the 
scavenging receiver pressure. 

Further objects and advantages of the inven 
tion will be apparent from the following detailed 
description, and from the accompanying draw 
ings, in which 

Fig. 1 is a diagrammatical view of a gas gen 
erator of the internal combustion free piston en 
gine type equipped with the various control means 
embodying the present invention and with parts 
broken away; Fig. 2 is an enlarged diagrammati 
cal view of the engine with the direct bounce and 
the reverse bounce pressure governors associated 
therewith and with parts of the engine broken 
away and removed; Fig. 3 is an enlarged sectional 
detail of the direct bounce pressure governor; Fig. 
4 is an enlarged sectional detail of the reverse 
bounce pressure governor, and Fig. 5 is an en 
larged sectional detail of the fuel feed pump. 

Referring to the drawings, designates a more 
or less diagrammatical showing of a free pistOn 
engine, which comprises a casing 2 forming at 
its center a combustion chamber 3, at each of 
its opposite ends an air compressor cylinder 4, 
and at the outer end of each of such cylinders a 
direct bounce chamber . Opposed power pis 

be obtained at will in the output while contin- 60 tons 6, 6 operate in the combustion chamber 3 

  



and each of these attaches to an air compressor 
piston 7 in the respective cylinder 4. Each pis 
ton T divides its cylinder into a compression 
chamber 4a and a reverse bounce pressure cham 
ber 4b and has a piston projecting from its outer 
side into the respective direct bounce chamber . 
The direct bounce chambers 5 are in commund 

cation through an equalizing pipel and an aux 
iliary chamber Oa at each end, the function 
of which latter is covered by my co-pending ap 
plication Serial No. 549,909, now Patent 2,434.27, 
January 13, 1948. A scavenging receiver has 
a port connection 2 with one end portion of the 
combustion chamber 3, so that its cylinder end 
is uncovered by the closing piston 6 at the end of 
its power or expansion stroke. An exhaust pas 
sage 3 is provided near the other end of the 
combustion chamber in position to be uncovered 
by its closing piston 6 near the end of its power 

48,070 

() 

or expansion stroke, but before the opening of 20 
the scavenging port connection, as is well under 
stood in the art. The compressor chambers 4a 
have valve controlled air admission ports f4 and 
exhaust ports 5. The opposite sets of pistons 
are connected by a synchronizing means 6 to 
cause them to operate in unison. 
The control features comprise a governor A by 

which the maximum direct bounce pressure is 
automatically maintained so that there is a prop 
er balance between that and the Scavenging re 
ceiver pressure, the maximum reverse bounce 
pressure and the weighted mean compressor 
pressure; a governor B by which the maximum 
reverse bounce pressure is maintained constant 
at the chosen amount for which the governor is 
set; a fuel pump C through which the fuel feed 
is controlled, and means for controlling the pres 
sure in exhaust gas receiver D. These controls 
will be taken up and described in the order given 
above, 
The direct bounce governor A (Fig. 3) includes 

a stationary body which may be divided into two 
fixedly associated parts 2 and 22, the latter, in 
the present instance, being disposed above and in 
partial overhanging relation to the former. 
The body part 2 is in the form of a support or 

platform, and has a standard or bracket arm 23 
projecting therefrom, in the present instance up 
wardly, and carrying at its outer end a pressure 
equalizing lever 24 for rocking movements in a 
plane preferably normal to the adjacent surface 
of the support. This lever has oppositely pro 
jecting arms a and b. 

Four power translating elements 25, 26, 27 and 
28, in the present instance in the form of Sylphon 
bellows, are interposed between the support 2 
and lever 24 in spaced relation lengthwise there 
of, with the first two acting against the arm a 
and the last two acting against the arm b of the 
lever. These bellows expand away from the sup 
port 2 f toward the lever and each has a point or 
pivotal bearing 29 against the lever. The spacing 
and the effective relative sizes of the bellows and 
their Cooperating functions depend, of course, on 
the desired results and the pressures applied, and 
Will vary with different designs of aSSOciated en 
gine. A pressure compensating spring 30 is also 
interposed between the support 2 and lever 2, 
and acts, in the present instance, against the 
Outer end portion of the lever arm b. This 
spring has at one end a point or pivotal end 
thrust against the lever and has its other end 
engaged by an adjusting screw 3 that is mounted 
in the support. . 

In the present instance, the air pressure in st 
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4. 
least one of the compressor chambers at is in 
communication with the stationary end of the 
bellows 25 through a passage line 34 which ex 
tends through the support 2 and includes a check 
valves, opening toward the bellows, and a nee 
dle valve 36. The line 4 also has a return leak 
passage 3 around the valves 35 and 36 with a 
needle valve 38 therein. 
The reverse bounce spaces 4b of the engine are 

in communication through a connection 29 and 
this connection is in communication with the in 
terior of the bellows 26 through a line 40 which 
extends through the support 2 and has a check 
valve 4 therein opening toward the bellows. 
This line also has a return leak passage around 
the check valve and controlled by a needle valve 
3. The pressure in the spaces 4b and connec 

tion 39 are controlled by the governor B, as here 
inafter described, 
The pressure in the bellows 27 is maintained at 

substantially that of the maximum pressure in 
the direct bounce chambers 5 of the engine 
through a connecting line 44 with the direct 
bounce connection 0. The line 44 is through the 
body part 22 of the governor in which a pres 
Sure equalizing means for said line, operating in 
conjunction with unbalanced movements of the 
lever 24, is located. In the present instance, the 
line 44 is through a pressure equalizing chamber 
45 in the part 22, and a check valve 46 is located 
in the line between said chamber and the bel 
loWS 27 and opens toward the bellows. A return 
leak passage 47, having a needle valve 48 there 
in, is provided in the connection 44 around the 
check valve 46. The chamber 45 has communi 
cation with a suitable source of high pressure air 
supply through a passage 50 that is controlled by 
an inwardly opening check valve 5. Said cham 
ber also has an exhaust passage 52 leading there 
from that is normally closed by an inwardly 
opening check valve 53 and an outwardly open 
ing check valve 54. Each of these valves is held 
normally Seated by a spring of predetermined 
preSSure. o 

The valves 5 and 53 have their stems pro 
jecting into a chamber or pocket 55 in the part 
22 and attached therein to the free or movable 
end of respective bellows 56 and 57, which con 
nect at their opposite ends through respective 
ports 58 and 59 with a valve chamber 60. A 
plunger type of valve 8 is mounted for recipro 
Catory movements in this chamber and is nor 
mally held in outwardly projected position by a 
spring 62 in the inner end of the chamber with 
its Outer end in thrust engagement with the Outer 
end portion of the lever arm b in opposition to . 
the thrust against such arm of each of the bel 
lows 27, 28, and the spring 30. The valve has a 
central cut-away portion which cooperates with 
the chamber 60 to form a pressure space 63 that 
has communication through a passage 64 with a 
suitable fluid pressure supply source, with the 
fluid preferably oil. 

It will be seen that the connections of direct 
bounce chambers to bellows 2 and the reverse 
bounce chambers to bellows 26, by means of 
check valves and bleed valves, is such that ap 
proximately the maximum pressures in these 
bounce chambers are reached in the bellows on 
each stroke, the effective passage being so much 
greater for admitting gas to the bellows than 
for allowing its escape. The pressure in the 
Scavenging pressure receiver is So nearly Cons 
stant, when that receiver is of large size, that 
only direct connection between the receiver and 
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bellows 28 is shown; but if the receiver in a 
particular installation should be small enough 
to result in troublesome fluctuations in pressure 
in the bellows with such direct connection, a 
suitably restricted opening could be provided to 
dampen the fluctuations. 

In the normal operation of the compressor the 
pressure therein varies from a low during fling. 
of the chamber 4a to a high when discharge 
starts, the pressure during discharge remaining. 
constant. The connection from the compressor 
chamber to bellows 25 is provided with needle 
vs. lve 36, so that the pressure in the belows is 
dependent upon the length of time during which 
discharging pressure continues, and is a weighted 
mean pressure of the compressor chamber in 
stead of being substantially the maximum pres 
sure of the associated chambers, as in the case 
of bellows 26 and 27. By adjustment of needle 
valves 36 and 38 the proper weighting of the 
mean pressure is effected. 
When the valve, in the operation of the gove 

ernor A, is in what may be termed a position 
of equilibrium, in which position the lever 24 
is also in equilibrium, both ports 5 and are 
closed, and if the valve is moved outwardly from 
such position upon an inward movement of the 
engaged end of the lever, the port 58 is uncovered 
to the pressure space 63, and if the valve is moved 
inwardly from such position by an outward movea 
ment of the engaged end of the lever, the port S9 
is uncovered to said space. An opening of the 
port 58 admits to the bellows 5 a pressure which 
is greater than the closing forces acting against 
the valve 5?, thus effecting an opening of such 
valve to admit high pressure air to the chamber 
45 to raise the pressure in the part of line 44 
leading to the bellows 27 whereby the bellows is 
caused to exert a predetermined increased out 
ward moving force against the lever. The addin 
tional air so admitted also raises the working 
pressure level of the direct bounce chambers S 
as communication exists between chamber 5 and 
chamber 45 via the lines 44 and I. An uncov 
ering of the port 59 likewise admits to the bel 
lows 57 a pressure which is greater than the 
force tending to maintain the valve 3 closed, 
so as to open such valve and permit an exhaust 
of pressure from the chamber 45 and conse 
quently to reduce the pressure in the section of 
the line 44 to the bellows 27 and in said belows 
sufficient to overcome the unbalancing force 
acting against the arm b of the lever and permit 
the lever to return to a position of equilibrium. 
As the pressures existing in bellows 2 are sub 
stantially the maximum pressures attained in the 
direct bounce chambers 5, a reduction of the 
quantity of air in chambers 5 by the opening of . 
valve 53 allows the pressure in bellows 2 to 
bleed out through the needle valve 48 to a value 
where lever 24 is again in equilibrium. This new 
value of the pressure in bellows 2 is also in 
equilibrium with the new value of the maximum 
pressures obtained in chamber 5. 
The bellows 28 is in communication with the 

scavenging receiver if through a connection 6, 
so that the movement of such bellows is respon 
sive to a change of pressure in the receiver . 

It is evident from the foregoing that under 
proper operating conditions of the engine the air 
compressor weighted mean pressure and the 
reverse bounce maximum pressure acting against 
the lever 24 at one side of its fulcrum through 
the bellows 25 and 26, respectively, are opposed 

O 

6 
with the direct bounce maximum pressure and 
the actual scavenging receiver pressure acting 
through the bellows 27 and 28, respectively, 
against the other end portion of the lever, and 
that these various pressures are such that the 
lever will be held in a position of substantial 
equilibrium during normal engine operating con 
ditions. It is also evident that the governor 
action, whereby the lever is held in equilibrium 
against a variation of engine generated pressures 
tending to move it from such position, is effected 
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by an automatic increasing or decreasing of the 
pressure in One of the actuating bellows, 2 in 
the present instance, which change of pressure 
results from an unbalanced movement of the 
lever due to the responsive movement of the lever 
actuated control valve 6. 
The direct bounce maximum pressure, the air 

compressor weighted mean pressure, the reverse 
bounce maximum pressure and the scavenging 
receiver pressure of a properly operating engine 
being known, it is a comparatively simple matter 
to calculate the pressures necessary to act on the 
lever through the several bellows and the spring 30 
to maintain the lever in a position of equilibrium. 

It will be readily understood that the direct 
bounce pressure should be increased when the 
reverse bounce pressure is increased, to properly 
relate the forces on the pistons, also that when 
resistance to the working stroke is lowered by 
lowering of the scavenging pressure the direct 
bounce pressure should be increased. The Com 
pressor pressure acts on the same side of the 
piston as the direct bounce pressure, and so it 
might be thought it should be on the same side 
as the direct bounce and scavenging pressures. 
owever, an increase in the direct bounce pres 

sure tends to stop the working stroke short of 
the place it would reach with less direct bounce 
pressure. Other things remaining equal, this 
shortened stroke leaves more compressed gas in 
the compressor at the end of the stroke, and so 
adds to the energy utilized in returning the piston 
to firing position. The utilization of the weighted 
mean compressor pressure to aid the rebounce 
pressure in balancing the direct bounce and scav 
enging pressures thus operates to control the 
strokes properly. 

It will be seen, however, that the general struc 
ture of governor A makes it possible to automate 
ically adjust the pressure in one chamber to con 
pensate for other changed pressures, whether the 
compensation should be in the same or in the 
opposite direction from said change. 
The reverse bounce governor B, in its present 

embodiment (Fig. 4), includes a body TO having 
a high pressure air supply line 7 in valve con 
trolled communication with a chamber 2 which 
in turn has connection through a line 73 with the 
reverse bounce space equalizer pipe 39. A pres 
Sure release or exhaust passage 74 also extends 
from the chamber 72. Normally closed valves 75 
and 76, respectively, control the communication 
between the chamber 72 and the supply line 
and exhaust passage T4 which latter has a check 
valve 4" therein. 
The stems of the valves 75 and 76 project into 

a space TT in the body 70 and connect therein 
with fluid pressure responsive means in the na 
ture, in the present instance, of Sylphon bellows 
78 and 79, respectively, whereby expansive move 
ments of said bellows will open the valve. These 
bellows receive their pressure supply from a valve 
chamber 80 through respective ports 8, 82, and 

by the adjusted pressure of the spring 30, together 78 the valve chamber in turn receives its supply from 
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a suitable source, preferably of high pressure oil, 
through a line 83. A leak-off passage 8 has con 
munication with the chamber 80 at the outer side 
of each passage 8, 82. 
A plunger type of valve 85 is mounted for lon 

gitudinal reciprocatory movements in the cham 
ber 80 and is recessed on opposite sides of lands 
86 and 87, which are adapted to simultaneously 
close the ports 8, 82, when the valve is in One 
position, or to alternately open each of such ports 
to the supply passage 83 or to the leak-of 84, 
upon movement of the valve in one direction or 
the other from port closing position, as is appar 
ent. Thus, a movement of the valve to the left 
from neutral position will open the port 8 f to the 
supply line 83 and open port 82 to the leak-off 84, 
while its movement to the right from such posi 
tion will open the port 82 to the supply line and 
the port 8 to the leak-off. 
The valve 85 is yieldingly moved to the left 

by a manual control 90 operating on its right 
end through a compression spring 9, and is 
moved to the right against said spring pressure 
by a fluid pressure responsive means 92. In the 
present instance, this means comprises a Sylphon 
bellows which has its movable end bearing against 
the left end of the valve and receives its fludd 
pressure from the line 73 through a connection 
93 having a check valve 94 therein opening 
toward the bellows. This connection also has a 
bleed passage 95 around the valve 94 controlled 
by a needle valve 96. With this arrangement, 
the valve 85 will be moved to the left when the 
pressure of the spring 9 predominates over the 
reverse bounce pressure in the line 73, and will 
be moved to the right by the responsive pressure 
means 92 when the reverse bounce pressure pre 
dominates over that of the spring. When the 
first-mentioned condition is present, high pres 
sure oil will be admitted to the bellows 8 and 
cause it to expand and open the check valve 
to admit high pressure air from the line 7 to 
the chamber 72 and line 73. When the pressure 
in line 73 has thus been increased sufficiently to 
predominate over the spring 9 and to expand 
the bellows 92, the control valve 85 will be moved to the right against the tension of the spring 9 
to close the port 8. When the Second-mentioned 
condition is present, high pressure oil will be ad 
mitted to the bellows 79 and cause it to expand 
to open the check valve 76 to relieve the pressure 
in the chamber 72 and reverse bounce pressure 
line 73 through the exhaust passage . Ac 
cordingly, the pressure in the reverse bounce 
pressure line 73 will be increased or diminished 
as the tension of spring 9 is increased or di 
minished. 
The fuel pump C for injecting fuel charges into 

the combustion chamber 3 of the engine, when 
the power pistons 6 are substantially at the ends 
of their compression strokes, is, in the present 
instance, of the plunger type shown in Fig. 5, 
with the Outer end of its plunger OO provided 
with a roll 9 traveling on One of the rack-bars 
O2 of the piston synchronizing means . A 

fuel charge injection is effected at the propertime 
by a cam projection O3 on the rack-bar passing 
under the plunger roll. The quantity of feed is 
controlled by a rotary adjustment of the plunger, 
and this is accomplished manually by a rack-bar 
and pinion connection therewith of a lever con 
trol 04. Both a manual and automatic means 
for accomplishing such adjustment are disclosed 

- and claimed in a co-pending application, Serial 
No. 558,360, filed October 12, 1944. 
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The exhaust gas receiver D commonly used 

with gas generators for receiving and supplying 
the exhaust gas therefrom to a turbine includes 
a receiver fo, which receives the exhaust gas 
from the engine through a pipe connection f 
and discharges such gas through an outlet line 
2 to the turbine f3. The exhaust line has 

a relief outlet line 4 to the atmosphere con 
trolled by a valve 5. There is also a valve fl' 
located in the line between the exhaust con 
duit 3 and the receiver. It is thus apparent 
that the exhaust from the line 3 may be directed 
either through the line if into the receiver or 
through the line 4 to the atmosphere by an 
adjustment of the valves 5 and 5. 

In the general operation of the present gas 
generator unit the pistons are caused to recipro 
cate by means of the pressure exerted on the 
various faces of the piston. The pistons are 
forced outward on their power strokes by the 
expansive energy of the fuel burning in the 
power cylinder 3 and by the residual energy con 
tained in the reverse bounce spaces 4b. The pis 
tons in moving outward are resisted by the pres 
sures in the air compressor spaces a and in the 
direct bounce cylinders 5. The direct bounce 
pressure rises in proportion to the length of the 
piston travel, while the air compressor pressure 
increases to a predetermined value and levels of 
at that value. The machine is so designed that 
at a certain point in the outward stroke of the 
pistons these pressures attain a sufficient mag 
nitude to overcome the forces of the power cyl 
inder, the momentum of the piston, and the re 
sidual energy of the reverse bounce spaces and 
thereby cause a reversal in the direction of the 
piston movement after the power cylinder has 
exhausted. The balance of energy is again 
reached when the power pistons reach the inner 
dead center position after compressing a charge 
of air prior to combustion and also compressing, 
to a predetermined value, the air contained in 
the reverse bounce spaces and their connecting 
pipes. 

. The purpose of the governor A is to maintain 
the proper relation of the direct bounce pressure 
to the scavenging receiver pressure, the reverse 
bounce pressure and the compressor pressure. It 
will be understood that the relationship of the 
pressures may be disturbed by increase or decrease 
of the reverse bounce pressure, by variance in the 
fuel supply, by variance in the pressure in the ex 
haust receiving chamber, or by any other vars 
iance, accidental or intentional, which results in 
a variance in the length or position of the recip 
rocation of the pistons or otherwise varies any 
One of the pressures. In regaining its equilibrium, 
lever 24 automatically reestablishes the pressure 
relation of the various bellows and their respec 
tive engine chambers. A movement of the lever 
24 to an unbalanced position is responsive to a 
variation of pressure in any one of the bellows, so 
that the right hand end of the lever is lowered or 
raised in accordance with the pressure variations. 
This movement of the lever either causes or per 
mits a movement of the governor control valve 
whereby, upon a lowering of the adjacent end of 
the lever, the plunger is moved to admit an op 
erating pressure to the bellows 56 which in turn 
causes an opening of the valve 5 and an admis 
sion of high pressure air to the direct bounce line 
44 to increase the pressure therein an extent 
sufficient to move the lever back to neutral or 
equilibrium, which in turn moves the valve to 
close the belows port 56. If the pressure in the 
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bellows is such as to raise the end b of the lever 
2 and throw it out of balance, the control plunger 
6 is raised, thus admitting pressure to the bel 
lows 57 to effect an opening of the relief valve 63, 
which permits a retarded reduction in pressure 
in the bellows 27, by properly regulated leakage 
through the passage 47 past the check valve 46, 
and a consequent balancing of the pressure 
against the lever 24 to permit it to return to neu 
tral. It will be seen from the foregoing that the gov 
ernor A takes care of maintaining the proper rela 
tionship among the various pressures concerned 
to maintain the proper functioning of the engine. 
It will be understood that the positions and sizes 
Of the Several bellows must be calculated for the 
particular engine and the desired working condi 
tions, and that the needle valves are adjusted so 
that the response to variations will be properly 
timed and fluctuations, due to variations in pres 
sure during a piston cycle, will be sufficiently 
dampened. Needle valves 36 and 38 are adjusted 
SO that the mean compressor pressure is properly 
weighted to maintain proper relationship of pres 
Sures to produce the desired functioning of the 
piston for the particular apparatus involved. 
Since governor A operates upon any disturb 

ance of the relationship of pressures due to any 
cause whatever, it functions in cooperation with 
the other controls, the operation of which will 
now be described, Presuming that the fuel control is set to supply 

O 
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the maximum fuel to be utilized on each stroke, 
the operation of the engine will be at or near its 
full load output per stroke. Under these condi 
tions, the output per stroke of the machine will 
remain substantially constant. The total output 
therefore varies substantially directly with the 
cyclic frequency. The speed of the pistons, and 
thus the frequency and the total output, is in 
creased by an increase of pressures in the re 
bounce chambers, and vice versa. The pressure 
in the rebounce chamber may be set at, or 
changed to, the desired amount by governor B, 
as will be now described. 
The operation of governor B is such that on a 

Compression of the spring 9 by a movement of 
the control lever 90 the valve 85 is caused to shift 
to the left against the yielding resistance of the 
bellows 92. This movement causes the valve 75 to 
open as high pressure fluid is admitted into bel 
lows 78, and the opening of such valve admits 
high pressure air from the line 7 into the line 
3 connecting with the reverse bounce spaces 4b. 
However, an increase of pressure in these spaces 
tends to expand the bellows 92, thus relocating 
the valve 85 again in a neutral position. The 
energy balance of the entire machine would now 
be distorted except for the action of the governor 
A, the function of which, as previously described, 
is to maintain for any given maximum pressure 
value existing in the reverse bounce chambers, also 
for any predetermined weighted mean pressure in 
the air compressor cylinders and for any pressure 
in the scavenging receiver, a proper direct bounce 
maximum pressure. Thus, as the pressure in the 
reverse bounce chambers is intentionally varied 
by movement of the control valve lever 90, a 
proper balance relation is restored between the 
various pressure chambers by governor A, thereby 
causing the engine to operate properly, though 
under different pressure and cyclic conditions. 
When it is desired to reduce the engine output 

and the cyclic frequency below that which may 
be obtained by normal minimum reverse bounce 
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pressures, it becomes necessary to control the 
engine by means of the quantity of fuel injected. 

Reduction of the fuel supplied at each stroke 
disturbs the relationship of pressures, but gov 
ernor A automatically restores the proper rela 
tionship, as described above, However, as the 
fuel is reduced, the stroke is shortened, and par 
ticularly the outward movement of the pistons on 
their working stroke is shortened, until a point 
is reached where the energy of the fuel charge 
will no longer drive sufficient gas Out of the con 
pressor against the standard pressure in the scav 
enging receiver to allow the pistons to uncover 
the exhaust and scavenging ports sufficiently for 
proper functioning, 

In order to have the engine function properly 
under idling conditions, the pressure against 
which the compressor works must be lowered to 
enable the pistons to reach exhausting and scave 
enging positions. This may be done by closing. 
valve 5' and opening partially or fully valve 

5, which reduces the pressure against which 
the exhaust is discharged. This in turn reduces 
the pressure in the scavenging receiver and also 
the pressure against which the compressor dis 
charges, while maintaining the exhausting and 
Scavenging functions of the engine. In this way, 
the pressures are reduced until the engine is ex 
hausting only at or slightly above atmospheric 
pressure and the compressor is operating only 
sufficiently to scavenge the engine against such 
pressure. At this stage the engine is idling, with the 
scavenging receiver pressure, weighted mean 
compressor pressure and direct bounce and re 
bounce pressures at substantially a minimum, 
but still maintained in proper relationship by 
governor A, with a supply of fuel sufficient only 
to keep the engine operating under these cond 
tions and with the frequency as low, and each 
stroke as long, as the nature of the particular 
engine will allow. Thus, idling is maintained 
with less fuel than would be possible without a 
governor to adjust the pressure for that cond 
tion. In any case, every increase in fuel and every 
change in the open or closed relationship of 
valves 5 and 5' upsets the relationship of 
the pressures, and their proper relation is re 
stored by governor A. 
After the relief valve 5 is fully closed and 
5' opened, increased output of gas may be oba 

tained merely by increasing fuel until the normal 
maximum gas output is reached. During this 
increase of fuel, the proper relation of the pres 
sures is taken care of by governor A. Without 
this governor, each change in amount of fuel 
would vary the relation of pressures from the 
optimum. By use of the governor A, the engine 
can be operated throughout the entire output 
range at a much nearer approach to maximum 
efficiency than would be possible without the gova 
ernor. Thus, an efficient operation of the engine 
is maintained from a very low idling speed to a 
point where the full charge of fuel for most 
efficient operation is delivered at each stroke. 
To further increase the output, governor B is 

operated to increase the pressure in the reverse 
bounce chamber, and governor A increases the 
direct bounce pressure in compensation until 
maximum pressures of direct bounce and re 
bounce, maximum frequency, and maximum out 
put are reached, - The several controls Cooperate to make possible 
an efficient operation of the engine from a lower 
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idling frequency than would be feasible without 
the controls up to a higher total output than 
would be feasible without the controls. The gov 
ernor A could be used alone under any condi 
tions where any of the pressures involved is sub 
ject, to variation rendering compensation desir 
able. The governor B can be used for adjusting 
and maintaining the desired rebounce pressure 
however the other pressures are controlled. 
Therefore, these governors are separately usable, 
although they cooperate in the entire system of 
control to accomplish a total result impossible 
when any one of the control features is omitted. 

It will be readily recognized that many changes 
may be made in the specific Construction and ar 
rangement of parts within the scope of the ap 
pended claims, and that for any given installa 
tion the construction and adjustment will be 
modified to suit the requirements of that in 
stallation, 
Having thus described my invention, what I 

claim as new, and desire to secure by United 
States Letters Patent, is: , 

1. In an internal combustion engine of the 
free piston type having a normally closed bounce 
chamber, means for connecting said chamber 

2 
tain a substantially balanced condition of said 
member during a running of the engine. 

6. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce and other predetermined fluid pressures 
are present, of a governor for maintaining a sub 
stantially predetermined balanced condition of 
said pressures upon a change of engine frequency, 

O 

S 

temporarily to a source of gas under pressure 
higher than that in said chamber, and means to 
connect said chamber temporarily to a source of 
gas under a pressure less than that in Said cham 
ber, whereby the pressure in said chamber may 
may be increased or decreased, 

2. In an internal combustion engine of the 
free piston type having a normally closed bounce 
chamber, a source of gas under pressure higher 
than that in said chamber, an exhaust passage 
leading to gas pressure less than that in Said 
chamber, and valves normally closed but mov 
able to connect said chamber to said source and 
to said exhaust passage atternately. 

3. In an internal combustion engine of the 
free piston type having a normally closed bounce 
chamber and means responsive to a running of 
the engine for developing other pressures which 
should be maintained in proper relation to the 
pressure in the bounce chamber, a source of gas 
under higher pressure than that in the bounce 
chamber, an exhaust passage to a lower pressure 
than that in the bounce chamber, normally 
closed valves movable to alternatively connect 
said chamber to said supply or to said exhaust 
passage, and means actuated by said other pres 
Sures for moving said valves to maintain said 
proper relation. 

4. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce, Scavenging receiver, air compressor and 
reverse bounce pressures are present, of a gov 
ernor for maintaining a properly balanced con 
dition of said pressures, which governor includes 
a movable member responsive to a predetermined 
relationship of said pressures to substantially 
hold it in a position of equilibrium, and means 
in operative connection with said member and 
having connection with at least one of said pres 
Sures and responsive to different predetermined 
movements of the member to vary said last pres 
Sure relative to the other pressures an extent 
necessary to maintain the member in a position of equilibrium. 

5. An arrangement as called for in claim 4 to 
gether with a yielding manually adjustable pres 
Sure, means coacting with the movable member 

45 

which governor includes a movable member, 
means responsive to a predetermined relation 
ship of said pressures to substantially hold said 
member in a position of balance under a prede 
termined engine frequency and operable to move 
the member from such position upon a change of 
engine frequency, and means in operative con 
nection with said member and having connec 
tion with said direct bounce pressure and re 
sponsive to a movement of said member from a 
balanced position upon a charge of engine fre 
quency to compensate for the resulting bounce 
pressure change and return the member to bal 
ace, 

7. The combination with a free piston engine 
wherein during an Operation thereof direct 
bounce and other predetermined fluid pressures 
are present, of a governor for maintaining a sub 
stantially predetermined balanced condition of 
said pressures upon a change of engine frequency 
which governor includes a movable lever, means 
responsive to said pressures and acting on said 
lever to hold it in substantially a position of 
predetermined balance under a predetermined 
engine frequency and operable to move the lever 
from Such position upon a change of frequency, 
and means in operative connection with said 
lever and Operable upon a change in engine fre 
quency to vary the direct bounce pressure action 
on Said lever an extent necessary to maintain 
said member in balanced position. 

8. The combination with a free piston engine 
wherein during an Operation thereof direct 
bounce, Scavening receiver, air compressor and 
reverse bounce pressures are present, of a gover 
nor for maintaining a substantially predeter 
mined balanced condition of said pressures upon 
a change of engine frequency, which governor in 
cludes a lever, means responsive to said pressures 
and acting on said lever to move it from a posi 

50 

55 

60 

(85 

70 

in cooperation with said engine pressures tomain- as 

tion of substantial balance upcin a change of 
predetermined engine frequency, and pressure 
control means in connection with the portion of 
Said first means which is responsive to the dia 
rect bounce pressure and automatically oper 
able upon a change of the engine frequency to 
increase or diminish Such pressure to compen 
sate for a variance therein and to maintain said 
lever in-substantially its position of balance. 

9. An arrangement as called for in claim 8 to 
gether with Spring means acting on the lever in 
cooperation with Said responsive means to assist 
in maintaining a balanced position of the lever. 

10. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce, scavening receiver, air compressor and 
reverse bounce pressures are present, of a gov 
ernor for maintaining a substantially predeter 
mined balanced condition of said pressures upon 
a change of engine frequency, and including a 
movable balanced member, separate means con 
nected to and responsive to said engine pres 
Sures and acting in predetermined relation on 
said member to substantially maintain it in a 
predetermined position of balance and to move 
it from such position upon a change of ensne 
frequency, manually adjustable balance correcs 
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tive pressure means for said member, and pres 
sure control means in connection with One of 
said separate means and automatically operable 
upon a member unbalancing movement due to 
a change of engine frequency to increase or di 
minish the member moving pressure of said last 
mentioned separate means to compensate for the 
pressure change occurring upon an engine fre 
quency change. 

11. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce, Scavenging receiver, air compressor and 
reverse bounce pressures are present, of a gov 
ernor for maintaining a substantially predeter 
mined balanced condition of said pressures upon 
an engine frequency change, said governor in 
cluding a movable balance member, a plurality 
of pneumatically responsive elements each having 
connection with and being responsive to a par 
ticular one of said engine pressures and arranged 
to act on said member to hold it in a substantially 
balanced position during a running of the engine, 
and pressure control means in connection with 
at least one of said separate means and operable 
by and upon a change of engine frequency to vary 
the member balancing pressure to compensate for 
said change. r 

12. An arrangement as called for in claim 11 
together with manually adjustable pressure 
means acting on the balance member to assist in 
balancing the pressures thereon of said pneumati 
cally operated elements. 

13. The combination with a free piston engine, 
wherein during an operation thereof direct 
bounce, scavenging receiver, air compressor and 
reverse bounce pressures are present, of a gover 
nor for maintaining a substantially balanced 
condition of said pressures upon an engine fre 
quency change, said governor including a balance 
lever, a plurality of pneumatically operable means 
each having connection with a particular one of 
said engine pressures and acting in predetermined 
relation on said lever in response to said pressures 
to maintain it in a predetermined position of bal 
ance when the engine is running at a predeter 
mined frequency, and to vary the lever position 
when the engine frequency changes, and means 
controlled by the lever movements to return said 
pressures to a predetermined balanced condition. 

14. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce, scavenging receiver, air compressor and 
reverse bounce pressures are present, of a govera 
nor for maintaining a substantially balanced 
condition of said pressures upon an engine fre 
quency change, said governor including a balance 
lever, a plurality of pneumatically operable 
means each having connection with a particular 
one of said engine pressures and acting in pree 
determined relation on said lever in response to 
said pressures to maintain it in a predetermined 
position of balance when the engine is running 
at a predetermined frequency and to vary the 
lever position when the engine frequency changes, 
and means controlled by the lever movements to 
return said pressures to a predetermined balanced 
condition, said last means having an exhaust pas 
sage and a high pressure air passage and includ 
ing means controlled by movements of the lever 
to open one or the other of said passages to the 
pressure acting on one of said first means to in 
crease or diminish such pressure depending on 
the lever movement. 

15. An arrangement as called for in claim 14 

14 
means acting on said lever to assist in balancing 
the pressures thereon of said pneumatically oper 
ated means. 

16. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce and other predetermined fluid pressures 
are present, of a governor for maintaining a sub 
stantially balanced condition of said pressures 
upon an engine frequency change, said governor 

O including a balance lever, a plurality of pneumat 
ically operable members each having connection 
with a particular one of said engine pressures and 
acting in predetermined relation on said lever in 
response to said pressures to maintain it in a 

is predetermined position of balance when the en gine is running at a predetermined frequency and 
to vary the lever position when the engine fre 
quency changes, and means controlled by lever 
movements to return said pressures to a predeter 
mined balanced condition of said pressures, said 
last means having an exhaust passage and a high 
pressure air supply passage in normally closed 
valve controlled communication with the direct 
bounce pressure and including means controlled 

is by movements of said lever to open one or the 
other of said passages to diminish or increase the 
bounce pressure to maintain a substantially pre 
determined balanced position of the lever. 

17. An arrangement as called for in claim 16 
go together with manually adjustable pressure 

means acting on said lever to assist in balancing 
the pressures thereon of said members. 

18. The combination with a free piston engine 
wherein during an operation thereof direct 

as bounce, scavenging receiver, air compressor and 
reverse bounce pressures are present, of a gover 
nor for maintaining a substantially balanced 
condition of said pressures upon an engine fre 
quency change, said governor including a balance 

40 lever, a plurality of pneumatically operable 
means each having a passage in communication 
with a predetermined one of said engine pres 
sures and acting in predetermined relation on 
said lever in response to said pressures to main 

45 tain it in a predetermined position of balance 
when the engine is running at a predetermined 
frequency and to vary the lever position when 
the engine frequency changes, pressure control 
valves and check valves in the air compressor and 

50 reverse bounce pressure passages, and means con 
trolled by lever movements to increase or dimin 
ish the rebounce pressure applied to its respon 
sive means to maintain a predetermined balanced 
condition of said pressures upon a change in 

55 engine frequency. 
19. The combination with a free piston engine 

wherein during an operation thereof direct 
bounce, scavenging receiver, air compressor and 
reverse bounce pressures are present, of a gov 

80 ernor for maintaining a substantially balanced 
condition of said pressures upon an engine fre 
quency change, said governor including a balance 
lever, a plurality of pneumatically responsive 
means each having a passage in communication 

65 with a predetermined one of said engine pres 
sures and acting in predetermined relation on 
said lever in response to said pressures to main 
tain it in a predetermined position of balance 
when the engine is running at a predetermined 

70 frequency and to vary the lever position when the 
engine frequency changes, pressure control valves 
and check valves in the air compressor and re 
verse bounce pressure passages, and means con 
trolled by lever movements to increase or dimin 

together with manually adjustable pressure 7 ish the direct bounce pressure applied to its res 
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sponsive means to maintain a predetermined bal 
anced condition of said pressures upon a change 
in engine frequency, said last means having an 
exhaust passage and a high pressure air passage 
and including means controlled by movements 
of the lever to open one or the other of said pas 
sages to said direct bounce pressure passage to 
increase or diminish the pressure therein de 
pending on the lever movement. 
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chambers, pistons operating to alternately Coffs 
press air in said chambers, a governor operable 
to increase or decrease the maximum air press 
sure in the reverse bounce chamber to change the 

S engine frequency, and means for maintaining a 

20. An arrangement as called for in claim 1910 
together with manually adjustable spring Pres 
sure means acting on said lever to assist in bal 

predetermined balanced condition of said direct 
and reverse bounce pressures. 

28. The combination in a free piston engine, 
of two sets of opposed pistons, cylinder means 
cooperating with said pistons to form direct and 
reverse bounce pressure chambers in which air 
is alternately compressed by reciprocatory move 

ancing the pressures thereon of said pneumat ments of the pistons, means operable to increase ically responsive means for a predetermined en 
gine frequency. 

21. The combination with a free piston engine 
wherein during an operation thereof predeter 
mined pneumatic engine pressures including a 
direct bounce pressure are present, of a governor 

5 

for maintaining a substantially predetermined go 
balanced condition of said pressures upon a 
change of engine frequency, which governor in 
cludes a movable member, means responsive to 
a predetermined relationship of said pressures 
to substantially hold said member in a position of 
balance under a predetermined engine frequency 
and operable to move the member from such 
position upon a change of engine frequency, and 
means in operative connection with said member 

25 

or decrease the maximum pressure in the reverse 
bounce chambers a predetermined extent and to 
maintain the new pressures substantially con 
stant, and means automatically operable to vary 
the direct bounce pressure in substantial ac 
cordance with the variance of the reverse bounce 
pressure to maintain said pressures in predeter 
mined balance, 

29. In a free piston engine, two opposed sets of 
free pistons, cylinder means cooperating with said 
pistons to form direct and reverse bounce pres 
sure chambers in which air is alternately com 
pressed, the frequency and length of strokes of the 

and having connection with said direct bounce 30 
pressure and responsive to a movement of said 
member from a balanced position upon a change 
of engine frequency to compensate for the result 
ing bounce pressure change and return the mem 
ber to balance. 

22. An arrangement as called for in claim 21 
together with manually adjustable spring pres 
sure means acting on said member to assist in 
balancing the action thereon of said pressures, 

23. In an internal combustion engine of the 40 
free piston type having a normally closed direct 
bounce chamber, a normally closed reverse bounce 
chamber, a manual control to vary the amount 

35 

of gas in one of said chambers at will, and auto- . 
matic means to correspondingly vary the amount 4 
of gas in the other chamber when it is varied in 
one chamber by manual control. 

24. In an internal combustion engine of the 
free piston type having a normally closed direct 
bounce chamber and a normally closed rebounce 
chamber, manually controlled means to vary the 
amount of gas in the reverse bounce chamber 
and automatic means to Correspondingly vary 
the amount of gas in the direct bounce chamber. 

pistons being varied upon a variance in the maxi 
mum air pressures in said reverse bounce cham 
bers, and control means in connection with the 
reverse bounce chambers, and operable to vary 
the maximum reverse bounce pressure a predeter 
mined extent and to maintain said variance sub 
stantially constant for a desired running period. 

30. In a free piston engine, two opposed sets of 
free pistons, cylinder means cooperating with said 
pistons to form direct and reverse bounce pressure 
chambers in which air is alternately compressed, 
the frequency and length of strokes of the pistons 
being varied upon a variance in the maximum air 
pressures in said reverse bounce chambers, and 
Control means in connection with the reverse 
bounce chambers and operable to vary the maxi 
mum reverse bounce pressure a predetermined ex 
tent and to maintain said variance substantially 
constant for a desired running period, said control 
means including a valve manually and yielding 
ly movable in one direction and pneumatically 
movable in the other direction, and means for 
admitting high pressure air to the reverse bounce 
chambers when the valve is moved in the first di 
rection and to release pressure therefrom when 
the valve is moved in the opposite direction. 

31. The combination with a free piston engine 
wherein during an operation thereof direct 

25. In an internal combustion engine of the 55 bounce, scavenging receiver, air compressor and 
free piston type having a normally closed reverse 
bounce chamber, a source of supply of gas under 
pressure greater than that in said chamber, an 
exhaust passage to gas pressure lower than that 
in said chamber, normally closed valves mov- 60 
able to connect said chamber alternatively with 
said source and said passage, means exerting 
pressure from within the chamber to move said 
valves to exhausting position, and adjustable re 

reverse bounce pressures are created, of means 
operable to increase or decrease the maximum 
reverse bounce pressure in accordance with the 
frequency and length of piston stroke desired, a 
governor for maintaining a properly balanced 
condition of said pressures upon a change of en 
gine frequency, which governor includes a mov 
able member responsive to a predetermined rela 
tionship of said pressures to substantially hold it 

silient means for moving said valves to supplying is in a position of equilibrium, means in operative position. 
26. The combination in a free piston engine, of 

means forming connected reverse bounce cham 
bers, pistons operating to compress air in said 
chambers, and a means operable to increase or 70 
decrease the maximum air pressure in the re 
verse bounce chambers to change the engine frequency. 

27. The combination in a free piston engine, 
of means forming direct and reverse bounce 75 are present, of means operable 

connection with said member and having con 
nection with at least one of said pressures and re 
sponsive to different predetermined movements of 
the member to vary said last pressure an extent 
necessary to maintain the member in a position 
of equilibrium, 

32. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce and other predetermined fluid pressures 

to increase or deo 
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crease a predetermined one of said. other pres 
sures to vary the engine frequency, a governor for 
maintaining a substantially predetermined bal 
anced condition of said pressures upon a change 
of engine frequency, which governor includes a 
movable member, means responsive to a prede 
termined relationship of said pressures to sub 
stantially hold said member in a position of bal 
ance under a predetermined engine frequency and 
operable to move the member from such position 
upon a change of engine frequency, means in 
operative connection with said member and hav 
ing connection with said direct bounce pressure 
and responsive to a movement of said member 
from balanced position upon a change of engine 
frequency to compensate for the resulting bounce 
pressure change and return the member to bal 
8Ce. 

33. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce, scavenging receiver, air compressor and 
reverse bounce pressures are present, of means 
operable to vary the maximum reverse bounce 
pressures to change the engine frequency, a gov 
ernor for maintaining a substantially predeter 
mined balanced condition of Said pressures upon 
a change of engine frequency, which governor in 
cludes a lever, means responsive to said pressures 
and acting on said lever to move it from a position 
of substanital balance upon a change of predeter 
mined engine frequency, and pressure control 
means in connection with the portion of said first 
means which is responsive to the direct bounce 
pressure and automatically operable upon a 
change of the engine, frequency to increase or di 
minish such pressure to compensate for a variance 
therein and to maintain said lever in substantial 
ly its position of balance. 

34. The combination with a free piston engine 
wherein during an operation thereof direct 
bounce, scavenger receiver, air compressor and 
reverse bounce pressures are present, of a manual 
ly controlled governor having connection with 
and operable to vary the reverse bounce maxi 
mum pressure a predetermined extent to change 
the engine frequency, a second governor for main 
taining a substantially predetermined balanced 
condition of said pressures upon an engine fre 
quency change, said governor including a mov 
able balance member, a plurality of pneumatical 
ly responsive elements each having connection 
with and being responsive to a particular one of 
said engine pressures and arranged to act on said 
member to hold it in a substantially balanced po 
sition during a running of the engine, and pres 
sure control means in connection with at least 
one of said separate means and Operable by and 
upon a change of engine frequency to vary the 
member balancing pressure to compensate for 
said Change. 

35. The combination with a free piston engine 
wherein during an operation thereof predeter 
mined pneumatic pressures including a direct 
bounce pressure and a reverse bounce pressure 
are present, of means operable to vary the re 
verse bounce maximum pressure a predetermined 
extent to change the engine frequency, a gov 
ernor for maintaining a substantially prede 
termined balanced condition of said pressures 
upon a change of the reverse bounce maximum 
pressure, which governor includes a movable 
member, means responsive to a predetermined 
relationship of said pressures to substantially 
hold said member in a position of balance under 
a predetermined engine frequency and operable 

O 
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to move the member from such position upon a 
change of engine frequency, and means in oper 
ative connection with said member and having 
connection with said direct bounce pressure and 
responsive to a movement of said member from 
a balanced position upon a change of engine fre 
quency to compensate for the resulting bounce 
pressure change and return the member to bal 
ace, 

36. The combination in a gas generator of the 
internal combustion free piston engine type, 
wherein during an operation - thereof direct 
bounce, reverse bounce, air compressor and 
scavenger receiver pressures are present, and a 
predetermined balance of said pressures is neces. 
sary for proper running of the engine under dif 
ferent load and speed conditions, of manually 
controlled means for varying said reverse bounce 
pressure, manually controlled fuel injection 
means, Certain of said pressures varying upon a 
change in engine speed due to a change in quan 
tity of fuel injection per cycle, and means auto 
matically operable both by a change in the re 
verse bounce pressure and by changes in others 
of said pressures, upon a change in the engine 
speed to effect a predetermined balance of the 
direct bounce pressure with any changes in said 
pressures whereby a proper running condition of 
the engine is maintained. 
3. The combination in a gas generator of the 

internal combustion frée piston engine type 
wherein during an operation thereof direct 
bounce, reverse bounce, air compressor and scav 
enger receiver pressures are present, and a pre 
determined balance of said pressures is neces 
sary for proper running under different load and 
speed conditions, of manually controlled means 
for increasing or reducing said reverse bounce 
pressure to obtain changed engine operating con 
ditions, fuel injection means operable to effect 
a changed engine running condition whereby 
certain of said pressures are varied, and governor 
means having connection with said several presa 
Sures and automatically operable to maintain a 
predetermined balanced relation therebetween. 

38. The combination in a gas generator of the 
internal combustion free piston engine type 
wherein during an operation thereof direct 
bounce, reverse bounce, air compressor and Scav 
enger receiver pressures are present, and a prede 
termined balance of said pressures is necessary 
for proper running under different load and speed 
conditions, of manually controlled means for in 
creasing or reducing said reverse bounce pres 
sure to obtain changed engine operating condi 
tions, a receiver for exhaust gases from the 
engine, means Operable to vary said receiver pres 
sure in relation to atmospheric pressure and 
thereby effect a change in predetermined run 
ning conditions of the engine which vary certain 
of said first-mentioned pressures, and governor 
means having connection with said several pres 
sures and automatically operable to maintain a 
predetermined balanced relation therebetween. 

39. The combination in a gas generator of the 
internal combustion free piston engine type 
wherein during an operation thereof direct 
bounce, reverse bounce, air compressor and scav 
enger receiver pressures are present, and a pre 
determined balance of said pressures is necessary 
for proper running under different load and speed 
conditions, of manually controlled means for 
increasing or reducing said reverse bounce pres 
sure to obtain a changed engine running condi 
tion, fuel injection means operable to effect a 
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changed engine running condition whereby Cer 
tain of said pressures are varied, a receiver for 
exhaust gases from the engine, means operable 
to vary said receiver pressure in relation to at 
mospheric pressure and thereby effect a change 
in predetermined running conditions of the en 
gine which vary certain of said first-mentioned 
pressures, and governor means having connec 
tion with said several first-mentioned pressures 
and automatically operable to maintain a pre 
determined balanced relation therebetween. 

40. The combination in a gas generator of 
the internal combustion free piston engine type 
wherein during an operation thereof direct 
bounce, reverse bounce, air compressor and Scavr 
enger receiver pressures are present, and a pre 

20 
pressure and to maintain a predetermined bal 
ance between the direct bounce pressure and 
said air compressor and scavenger receiver pres 
SeS 

41. In apparatus comprising an internal com 
bustion engine of the free piston type compris 
ling a compressor, connections from the compres 

0 

sor for scavenging the engine, a chamber nor 
mally containing gas above atmospheric pres 
Sure, an exhaust connection to said chamber and 
a reverse bounce chamber, means for varying 
the fuel charge at each stroke from an idling 

5 

determined balance of said pressures is neces 
sary for proper engine running under different 
load and speed conditions, of manually controlled 
means for increasing or reducing said reverse 
bounce pressure to obtain changed engine oper 
ating conditions, a fuel injection pump for the 
engine, a receiver for the engine exhaust gases, 
separate manually, controlled means for chang 

20 

minimum to the maximum utilizable, means to 
reduce the exhaust pressure to atmospheric dur 
ing idling" and thereby reduce the minimum out 
put of the engine, and means to vary the pres 
sure in the reverse bounce chamber to vary the 
engine frequency while the fuel charge remains 
at maximum. 

FRANK. M. LEWIS. 
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