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1

This invention relates to engine starters, and
particularly to such starters adapted for use in
connection with internal combustion engines of
the free piston type.

It is necessary in starting such engines to first
place the work pistons .at their outer terminal
Dositions and then to force them to their inner
terminal positions with a veloeity substantially
comparable to that of the compression stroke in
normal running of the engine whereby pressure
and temperature of sufficient values may be gen-
erated in the combustion chamber to ignite an
injected fuel charge after which the engine will
operate in the regular way.

The object of the present invention is the pro-
vision of a simple, novel and efficient pneumatic
starter of the character described, which will
meet the mentioned requirements.

The iInvention is fully described in the follow-
ing specification, and a preferred embodiment
thereof illustrated in the accompanying draw-
ings, in which:

Figure 1 is a central longitudinal sectional
view of one end portion of a free piston engine
with the starting means embodying the inven-
tion associated therewith; Fig. 2 is an enlarged
sectional detail of said starting means: Fig. 3 is
a sectiondl view of a suitable isolation valve;
and Fig. 4 is a somewhat enlarged central ver-
tical sectional view of one of the governor con-
trol valves.

Referring to the drawings, | desighates more
or less diagrammatically one piston set of an
internal comubustion free piston engine includ-
ing opposed piston sets, each set comprising a
working piston ‘2 operating in a chamber 3, an
-air compressor piston 4 operating in a cylinder 5,
and a direct bounce piston 6 operating in a
chamber 7, The piston 4 divides the eylinder 5
into an air compressor chamber 52 and a reverse
bounce chamber 5. The two piston sets are
forced outward by combustion of charges there-
‘between in the chamber 3, supplemented by the
effect of any pressure in chamber 5%, and are re-
turned to compress charges therebetween by the
force of air compressed in the bounce chambers 7,
auxiliary spaces [B, and re-expansion of air
trapped in clearance of compression chambers 52
during outward movements of the pistons. The
two direct bounce auxiliary chambers 19 are con-

nected by a pressure equglizer pipe 8 while the

two reverse bounce chamnibers P are connected by
a pressure equalizer pipe 9. One only of each of
the chambers 1 and 5 is shown. The pipe 8
preferably connects at each end with the respec-
tive direct bounce chamber 1 through an .auxil-
iary air chamber 12 which communicates with
the chamber T through a series of side ports 11,
and these are spaced from the .outer end of the

chambers so that they will be closed by the
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pistons & when at.or near the limit .of their out-
ward strokes. These pistons have a sufficiently
loose fit in the outer end of the chambers T 50
that when the ports are closed.hy the pistons the
air pressure in the auxiliary chambers 10 will be
permitted to slowly leak around the ends of the
bistons and to enter the free spaces provided
between the ends-of the pistons and the ends of
the chambers 1.

The starter means embodying the present in-
vention and which operates in connection with
the above-noted chamber arrangement and -eon-
necting pipes includes a pody {5 having a high
pressure air storage chamber 15 (Fig. 2) and a
separate limited pressure air .charge chamber A7
therein, with the former in connection with a
suitable source of air pressure -supply through
a passage 18. The chamber 16 has two dig-
charge outlets 18 and 26 adapted to0 be closed oy
inwardly opening valves 2i and 22, respectively,
the stems of which project outward from the
c¢hamber through a wall thereof and into .2,.eas-
ing part 23 where they are respectively engaged
by springs 24 and 25 to normally maintain the
valves seated. The outer end portion .of each
valve stem is provided with a head 26 receiving
the thrust of its spring. The outlet 19 has con-
nection through a line 27 with the bipe 9 -con=
necting the reverse bounce chambers 5° of the
engine, and in this line 21 is disposed :a pressure
regulator 28 and an outwardly opening  check
valve 28, so that the air passing through the line
21 from the chamber i6 fixst has its .pressure
reduced a predetermined .extent by the regulator
28 and then passes through the .check valve he~
fore entering the pipe 9.

The outlet 20 has a connection through a line
30 and through a branch 31 with the equalizer
pipe 8 .connecting the direct bounce -chambers,
and also has conneection through .a branch 32
with the charge chaniber 1, with ‘the opening
between the branch 82 and.chamber -continually
open. A pressure regulator 33 is disposed in the
line 39, and .an .outwardly opening check wvalve
34 is disposed in the branch 32. “The branch -3{
has an outwardly opening check valve 35 therein,
and also between .such valve and the pressure
regulator 338 is provided a restricted -passage ‘36
controlled by .a needle valve 217, 1t.is thus appar-
ent that when the valve 22-is-open, the ‘high air
pressure .in the chamber 16 will pass therefrom
through the line 30, where it Is reduced the
Qesired extent by the ‘pressure regulator 33, after
which it .divides, with part Ppassing through the
check valve 34 and through the branch 32 to
the charge chamber 11,.and part passing thraugh
the valve controlled branch 31 to the pipe8.  The
bressure regulators 28 .and -33 may be of any
sultable .construction .ag -well -understood :in :the
therefore, e specifically de-~
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scribed. These regulators, as is common, are
manuslly controllable to regulate the pressure
reduction effected thereby.

Each reverse bounce chamber 5° at its outer
end relative to the piston & is provided with a
plurality of pressure relief ports 40 (one only
being shown), and each is normally closed by
a valve 41, the stem of which projects into a
cylinder 42 and attaches to a piston 43 therein.
A spring 44 acts against the piston 43 to nor-
mally retain the valve closed and pressure is
admitted to the outer end of the cylinder 42
through 2 line 45 to act against the piston 43 in
opposition to the pressure of the spring 44 and
effect an inward opening of the valve 41. Be-
tween the port 40 and cylinder 42 are provided
a plurality of exhaust openings 46 for the release
of the air pressure to the atmosphere from the
reverse bounce chamber 5° when the valve is
open. Pressure is admitted to the line 45 from
the charge chamber {7 through 2 line 41. The
inner end of the line 41, or that opening into
the chamber i1, is controlled by a valve 48, the
stem of which projects through and above the
top wall of such chamber where it is acted on
by a spring 49 to hold the valve closed. The
spring seats against a head or enlargement 50
on the outer end of the valve stem.

The admission of high pressure &ir to the
chamber {6 from the line I8 is controlled by a
valve 51, the stem of which projects cutwardly
from the chamber wall through suitable guides
and is acted on by a spring 52 to normally main-
tain the valve seated. The stems of the valves
48 and 51 are disposed, in the present instance,
in parallel relation and adjacent to each other
with the stem of the latter valve projecting a
greater distance from the body 15 than the other
and provided at its outer end with a head or
shoulder 53. The stems of the valves 2§ and 22
are also disposed in rather close parallel relation
with the stem of the valve 2i projecting a less
distance from the casing of the body 15 than
the other. This relative positioning and length
of the valves 21, 22, 48 and 6i are to facilitate
operation of the valves by the control means
hereinafter described.

A pressure relief passage 55 communicates with
the pressure line 47 adjacent to its point of con-
nection with the chamber (T and this line is
controlled by a normally open valve 66 and at
the outer side of such valve by a needle vdlve 571.
The valve 56 projects from a plunger 58 operat-
ing in a cylinder §9 and is normally held open
by the pressure of a spring 60 against such
plunger. The cylinder 59, at the outer side of
the plunger 58, has communication through line
6i with pipe 8 which connects the direct bounce
chambers, so that when a sufficient pressure is
present in the line 8 to overcome the compression
of the spring 69, such pressure will move the
plunger 58 and hold the valve 56 closed if valve
62 is in open position as later described. The line
61 has a normally closed check valve 62 therein
which opens outwardly from the cylinder 59 and
is normally held closed by a spring 63. This valve
has & stem 64 projecting upwardly to exposed
position through the portion 66 of the body 15 in
which it is mounted, and, in the present instance,
it is parallel to the stems of the valves 21, 22,
48 and 5i. The purpose of the valve §2 will be
later described.

The control means for the valves 21, 22, 48, 51
and 62 will now be described. Mounted in the
present instance on top of the body 15 near its
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1left end is a stationary gulde sector 19 with which
the hand operated catch T1 on & hand lever 12 is
adapted fo engage to hold the lever in different
positions of adjustment relative to the sector.

" In the present instance, the sector has notches

¢, b and ¢ with which the catch engages to hold
the lever, respectively, in “off,” “charge” and
“start” positions. The lever is mounted on a
shaft 73 for rocking movements lengthwise of
the sector, and this shaft also carries an inde-
pendently rockable arm 74, the outer end of
which is provided with an arcuate surface 15
concentric to the shaft axis and having a stop
16 near its rear or left hand end. A spring
pressed pawl 771 on the lever 12 rides at one end
on the surface 15 and at its other end on an
inner surface of the sector 7. This latter sur-
face is divided lengthwise thereof into two arcu-
ate surfaces d and e that are concentric to the
lever axis and are connected by a cam portion f.
When the lever 12 is being moved from “off” to
near its “charge” position, the outer end of the
pawl 71 will ride against the surface d and cause
the arm 74 to move therewith due to engagement
of the inner end of the pawl with the shoulder 76.
When the lever has nearly reached said charge
position, the outer end of the pawl 17 will engage
and pass over the cam surface f, thereby moving
the pawl to disengaged position relative fo the
shoulder 76 and maintaining such position dur-
ing movement of the pawl along the surface e.

Projecting rearwardly from the inner end of
the arm 14 away from its rocking axis is an arm
18 that is pivotally connected at its outer end fo
a plunger 80 by a link 81, such arm and link
forming a togsgle connection between the inner
end of the arm 74 and the plunger, with such
connection upwardly broken or raised from
straight or dead center position when the arm T4
is at the limit of its movement to the right. The
plunger 89 works in a cylinder 82 and receives
the thrust of a coiled compression spring 83 in
said cylinder acting inwardly on the foggle link
members 19, 8f{. A rod 84 projects from the
pivotal connecting point 85 of the members 19
and 81, substantially at right angles to the line
of movement of the plunger 80, and connects at
its outer end to a plunger 86 operating in g cylin-
der 81. The outer end of this eylinder relative
to the rod 84 forms an air pressure chamber that
has communication through a line 88 with the
pipe 8 connecting the direct bounce chambers of
the engine. It is apparent that air pressure in
the pipe 8 acts through the line 83 against the
piston 86 and tends to keep the connection 19, 81,
in its upwardly broken position. When the arm
74 has been moved a short distance to the left
from the “off” position shown, by a counterclock-
wise movement of the lever 12 from its “off” po-
sition, the toggle connection 79, 8f will have
lowered an extent sufficient to move the pivot 85
across and below dead center position so that the
plunger 86 will then be quickly moved downward
in its cylinder 81 by the downward breaking
movement of the toggle connection and under the
pressure of the spring 83, thus causing the arm
14 to quickly move independently to the left of the
lever 72 to its stop position against the part 18.
It will be understood that at this stage in a
starting operation there is practically no pres-
sure in the direct bounce chambers T and conse-
quently in the line 8 with which the cylinder 87
is connected. It will also be understood that
when the direct bounce pressure has increased
sufficiently in the chamber 87 to overcome the
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enter the pressure responsive means |18 and open
valve {19, thereby venting the bounce pressure
chamber 7 to the atmosphere.

The reverse bounce pressure governor B has a
line 125 in connection with the reverse bounce
chambers 5%, a line {26 in connection with a high
pressure air supply line {27, a fluid pressure line
128, at present in connection with the fuel feed
line of the engine, and g normally closed vent
line 129. Line 126 acts only during running of
the engine as part of the governing function and
forms no part of the starter mechanism. A con-
trol valve 138 is moved to the right by pressure
in line 125 when pressure in spring 131 is relieved
by moving control lever 132 to_“stop” position.
Pressure in line {25 acts to expand a bellows at
the left of valve 130 forcing the latter to the right.
This movement of valve (30 admits pressure from
line 128 to pressure responsive means (83, which
causes opening of relief valve 124 to vent the
pressure in reverse bounce pressure line {25, Such
venting relieves the pressure irom tresponsive
means 106 in governor A and permits movement
of lever {10 by spring 169 to effect a venting of
the direct bounce chambers T through the lines
113 and 8.

Tt is thus seen that when the engine is stopped,
the governor B acts to relieve the reverse bounce
pressure and that this in turn acts through
governor A to vent the direct bounce chamber
pressure. The invention is disclosed in con-
junction with these governors since it has been
constructed in this manner and the disclosure is
thus of preferred form. However, any equivalent

pressure sensitive valve arrangement may be :

used.

In order to make the starting means oper-
ative in connection with an engine having such
direct and reverse bounce venting means, it is de-
sirable to have an operative connecticn between
the starting and venting means, whereby the two
governors are blocked off from the respective di-
rect and reverse bounce chambers during the
starting process and are opened thereto as the
unit achieves running equilibrium.

To accomplish this the direct bounce pressure
line 113 to governor A and the reverse bounce
pressure line (25 to governor B are each pro-
vided with an isolating or block-off valve 138,
shown in detail in Fig. 3. Each of these valves
moves across the respective pressure line {25 and
113 and carries 2 piston 139 operating in a cylin-
der 149. The valve is normally held open by a
spring 141 and is closed by pressure against the
outer side of the piston supplied through a line
{42. This line connects both valve cylinders and
is supplied with pressure from the high pressure
air line (8 through a branch (43 extending
.through & part of the starter body structure {5
(Fig. 2). A valve 144 is acted on by & spring 145
to normally close said branch within said strue-
ture and the valve is unseated by movement of a
bell crank lever i46. This lever is fulcrumed at
147 and has one arm engaging the valve stem
and its other arm engaging a rod 148 attached
_to and operable by movements of the upright arm
of the lever 92. This attachment is such that
upon a rearward or counterclockwise movement
of said lever under the action of the spring 439,
and when the rod 80 is moved to the left, the lever
146 is moved to lift the valve (44 from its seat
and open the line i43. The rod {48 also con-
trols a vent valve 148 to close a vent passage §50
when the rod is moved to the left and to open
such passage when the rod is in its right hand
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position. The passage {50 leads to the atmos-
phere from the line 143 at a side of the valve
180 opposed to the air pressure supply source.
The vent {59 is so restricted by the throttling
needle valve 151 as to retard the engagement of
the governors A and B until after fthe unit
achieves running equilibrium,

A brief description of the operation of the
starter means is as follows: Presuming that the
pressures in the bounce chambers T and connected
auxiliary chambers 10 have been vented through
the relief passage in governor A when the engine
was last stopped, the operator sets the fuel feed
for a running condition slightly greater than
idling and also sets the control 132 for the
governor B so as to tension the spring 31 to
provide for proper reverse hounce effect which
will be achieved by the starting conditions. This
moves the valve {39 to the left permitting a clos-
ing of the relief valve 134 so that the vent from
the reverse bounce chambers is closed. However,
the vent from the chambers 7 and 10 is still open
through the governor A. The operator then
moves the starter control lever 72 from the “off”
to the “charge” position, that is, from the o to
thé b notches in the sector 78. The rocker arm
14 moves with the lever in this movement due to
the engagement of the pawl 17 with said arm
until the pivot 85 of the toggle 19, 81, has been
moved past dead center position, whereupon the
spring 83 will act to quickly move the rocker arm
to the limit of its rearward or counterclockwise
movement. This movement of the rocker arm
closes valve 48 and opens the valve §i, the latter
admitting high pressure air to the chamber 6
from lines {8 angd 127. At the same time, when
the lever 12 is near ifs “charge” position, its arm
95 will engage the head 26 and open the valve 21.
This permits high pressure air to pass from
chamber {8 through the valve controlled line 27
to the reverse bounce chambers 5° to force the
engine pistons to the limit of their outward move-
ments. The movement of the control lever 72
to “charge” position moves the pawl 71 to released
position relative to the shoulder 76 on the arm
74 due to one end of the pawl riding over the
cam portion f of the sector 78. The lever may
now be moved from “charge’” to “start’” position
or from the notch b to notch ¢ in the sector 70.
This movement causes the lever arm 9% to fur-
ther open the valve 21 and also to engage the
head 28 on the valve 22 and effect an opening of
sueh valve. Thereupon the compressed air from
chamber 16 flows through the pressure regulator
33 and non-return check valve 34 to the “charge”
chamber i1, the valves 48 and 56 being now
closed, and also flows through lines 30, 81 and §
to build up pressure in the direct bounce reser-
voirs 18. This pressure also acts through line
88 on piston 88. Chamber {7 should charge to
the full pressure permitted by the reducer valve
before chambers 10 reach their charge pressures,
and it is the function of valve 37 to produce the
necessary restriction in line 3f. When the pres-
sure in chambers I8 reaches a certain prede-
termined value, piston 88 overcomes the effectof

‘spring 83 and snaps the toggle 19, 81 back to its

initial raised position, and consequently moves
the rocker arm T4 quickly to its forward initial
position. This simultaneously opens valve 48
and closes valve 5{, causing the high pressure air
to be delivered from the chamber 17 through line

-41 to piston 43 and opening vent valves 41 in re-

verse bounce chambers 5%, and at the same time
shutting off the high pressure supply to chamber
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5.
pressure of the spring 83, the plunger 85 will be
moved outward to cause an outward movement
of the center pin 85 past dead center position,
causing the spring 83 to then act fo quickly re-
turn the rocker arm 14 to its right end position,
as shown in Fig. 2 of the drawings.

The rocker arm 74 has a rod 90 pivoted thereto
and projecting forwardly therefrom, or to the
right, and through a guide bracket 81 rising from
the body 5. The free end of this rod bears
against the upwardly and forwardly extending
arm of a bell-crank lever 92 that is fulerumed on
the body {86, while the other arm of such lever ex-
tends rearwardly and upwardly and bears up-~
wardly against the head 59 on the stem of the
valve 45 and in opposition to the spring 49,
When the rocker arm 74 is in its right end posi-
tion, the rod 90 acts on the lever 92 to hold the
valve 48 raised in its open position and during
the initial rearward movement of the arm 74 the
opening pressure of the lever 82 on the valve is
released, thus permitting a closing of such valve.

A bell-crank lever 93 is fulcrumed to the
bracket 91 and has a horizontally extending arm
adapted to engage the stem head 53 of the valve
51, 50 as to move such valve from closed position
when the lever arm is moved upward. The other
arm of said lever extends downwardly and has
an aperture therein through which the rod 90
extends.
rocker arm 74 and when it is near the limit of
such movement, a shoulder 94 on the rod 90 en-
gages the downwardly projecting arm of the
lever 83 and moves the lever to effect an unseat-
ing of the valve 51, thus admitting air from s
high pressure air supply in 127 to the pressure
chamber 16. This unseating action of the valve
51 is rapid due to the rapid movement of the
rocker arm 74 under the action of the spring 83.

The control lever 712 has an arm 95 projecting
to the right from its inner end and provided with
apertures through which the stems of the valves
2{ and 22 project. During the movement of the
control lever 72 from its “off” to “charge” posi-
tion, arm 985 will engage first the head 2§ of the
valve 21 and cause an opening of such valve to
permit the pressure in the chamber (8 to pass
through the line 27 and valves 28, 29 therein to
the reverse bounce connection 8, and thence to
the two reverse bounce chambers 5b to impart
outward stroke movements to the piston sets.
The control lever 12 is retained in the “charge”
bosition until the pistons 6§ have reached their
extreme outer position, the piston heads closing
off ports {{ and continuing until they are in con-
tact with or just miss the ends of the cylinders 1.

The control lever 72 is then moved from notch
b to ¢ on the sector 18. During this movement,
the arm 85 will act on the head 26 of the valve
22 and force said valve open against the compres-
sion of its spring 25, thus permitting compressed
air to pass from the storage chamber {8 into the
line 3§ and through branch 32 to chamber {7
and through branch 21 to the direet bounce
chamber connection 8§ so as to build up a pressure
in such connection and in the chambers 18 suffi-
ctent to force the engine pistons to their inward
positions at the required velocity.

When the pressure in chambers {0 has built up
to a predetermined value, this acts through line
88 against the plunger 88 to move the operating
connection 78, 81 of the rocker arm upwardly past
dead center position so as to permit the spring
83 to act to quickly throw said arm to its right
‘hend position at which time valve 51 is permitted

During a movement to the left of the ¢
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6
to close and valve 43 is caused to open. The
valve 48 is held open so that the pressure in the
chamber {7 is admitted through the lines 47 and
45 to the cylinder 42 to act against the pistons 43
therein to open the valves 41 and relieve any pres-
sure in the reverse bounce chamber 5°, which
might oppose inward movement of the pistons.

A rod 163 extends from the control lever 12
near the inner end to 2 lever 181 to which it
pivotally conneets, such lever being fulerumed to
a bracket 182 rising from the body extension 65,
and the lower end of such lever is provided with
a cam foot 183 acting against the outer end of
the stem 64 of the valve 62. This arrangement
is such that when the lever 72 is in its “off” posi-
tion, the valve 62 is closed, and when the control
lever is moved away from such position, the eam
183 acts against the valve stem to open the valve,
thus permitting the pressure in the line 61 to act
against the plunger 58. It will be understood
that after starting and during a running of the
engine, the pressure in the line §{ fluctuates with
the pressure in the direet bounce chambers so that
if the connection of this line with the cylinder
58 were not cut off during such running of the
engine, the valve 58 would have a futtering
action. It is for this reason that the starting
mechanism is equipped with means for opening
the line 61 to the chamber 59 during a starting
operation and to close such connection when
starting has been effected.

Beifore outward movement of the engine pis-
tons {, effected by admission of air pressure to
the reverse bounce chambers 5° of the engine, the
direct bounce chambers 7 are vented, in the pres-
ent instance, by means operated automatically
by the starter mechanism in conjunction with
pressure control governors for the engine. Such
governors are shown and claimed in Patent No.
2,435,870, by Frank M. Lewis, one of the appli-
cants herein. These governors are illustrated in
Fig. 1 and designated “A” and “B,” the former
controlling the direct bhounce chamber pressure
and the latter the reverse bounce chamber pres-
sure. - The operation of these governors need only
be deseribed sufficiently in the present case to
make their operation in connection with the
starting mechanism cleatr.

Covernor A inecludes four pressure responsive
means (85, {08, 187 and 188, together with g
spring {88 acting on a lever ({0 to hold it in a
closed position when the engine is operating
broperly. These bellows have connection, respec-
tlvely, through lines {11, 112, 113 and (14 with
the compressor chambers 52, the reverse
bounce chambers 5b, the direct bounce chambers
T and the scavenging receiver {{5. The line (13
connects with the direct bounce chamber line 8
through a pressure controlled mechanism oper-
ated by the lever 118, whereby a lowering of the
right end of such lever will cause the direct
bounce pressure to be increased by the admission
of air pressure thereto, and a raising of such end
of the lever will cause a venting of the bounce
chamber pressure.

This venting of the bounce chamber pressire
is accomplished automatically as follows: When
the engine is stopped the reverse bourice pressure
is vented through governor B as hereinafter de-
scribed, thus relieving pressure in the pressure
responsive means {86 of governor A, which causes
an unbalancing of the pressures against lever {10
and permits the spring 149 to force the right end
of the lever upward. This raises valve |16 and
permits pressure from fuel ofl supply line {(7 fo
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18. The air in the direct hounce reservoirs. |0
must leak around the circumierential clearance
of the bounce piston 6 at its extreme outward
position, before it can get behind the piston and
do work. While this relatively slow process is
taking place, the air in. the reverse hounce cham-
hers B¢ will have dropped approximately to at-
mospheric pressure due to opening the valve &i.
The pistons then move to their inner stroke posi-
tions, compressing the fuel charge for com-
bustion. During this stroke the vent valves 4l
are still held open, since the escape of air from
behind the valves is prevented by valve 58.
When the direct hounce pressure has dropped. to
some predetermined pressure, spring 60 over-
comes the gas load on the piston 58 allowing
valve 56 to open and then the air holding the vent
valves: open bleeds to the atmosphere. The drop
in pressure: behind the vent valves will be gov-
erned by the opening of needle valve 5T and the
volume of the chamher 17. 'These quantities will
be so regulated that the valve springs 44 in con-
nection with the valves will not overcome the
air pressure:and close the vent valve 41 until some
time during the outward power strokes of the
engine: pistons, after the proper air quantity has
been: taken into the reverse bounce chambers &b
to effect an energy balance for the stroke. Start-
ing having been effected in this manner, control
lever 712 may then be returned at leisure to its
“off’ position: and its latch engaged with the
sector notch @. The movement of the lever §2

20

of the starter mechanism to permit closing of the

valve 48, which movement occurs during the

rearward or left hand stroke of the starter con- »

trol member 15, moves the rod (48 attached to
such: lever, causing a rocking of the lever 146-and
an opening of the valve K44 in the high pressure
airline 143, thus permitting such pressure to.act
through: the line: 142 on the pistons 139 and move
the: block-off" valves 138 to close the line 113 of
governor A and line {25 of governor B, thus pre~
venting the venting of both the direct bounce
and reverse: bounce chambers, This movement
of the rod: 48 also moves the: vent valve 149 to
closed: position to prevent any venting of the
lines: 142, 143. The return of the.control member
75 to: its- normal position permits closing of the
valve {44 and moves the vent valve 149 to posi~
tion to vent the passage 158, thus relieving the
pressure: holding the: black-off valves 138 closed
and permitting them: to open under the pressures
of their springs. The governors A and B are
thus again rendered operative in connection with
the-operation of the engine.

We wish it understood that our invention: is
not limited to any specific construction, arrange-
ment or form of the parts, as it is capable of
numeraus modifications and changes without de~
parting from the:spirit.of the.claims.

Having thus described our invention, what we
claim. as new, and desire to secure by United
States Letters Patent, is:

1. A starter for an internal combustion engine
of the free piston type having a. direct bounce
chamber, compression in which tends:to-move the
engine piston in the direction: of its: compression
stroke, and: a reverse: bounce chamber; compres=«
sien: in which tends to-move the: piston. in: the. dis
rection of its outward stroke, comprising a source
of gas-under pressure; means operable.to. connect
said source first with the reverse bounce chamber
and then with the direct bounce chamber to move
said piston first.on.its working stroke and then on
a compression stroke, said means eperating to
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vent said reverse baunce chamber prior to moves-
ment: of said piston on a compression stroke and:
automatic means for cutting off the source com-
nection to both said chambers when a predeter-
mined pressure has been obtained in the direct
hounce chamber. '

2. An arrangement as called for in claim I, to~
gether with means operable to vent said direct
bounce and reverse hounce chambers when the
engine is at rest, and means operable by the first
mentioned means to render said vent means in-
operable during predetermined portions of a
starting operation.

3. A starter for an internal combustion engine
of the free piston type having a direct bounce
chamber, eompression in which tends to move the
engine: piston in the direction of its compression:
stroke, and a reverse bounce chamber, compres—
sion in which tends to move the piston in the di-
rection of its outward stroke, comprising a source
of gas under pressure; manually operable means

-to connect. said source first with the reverse

hounce chamber and then with the direct bounce
chamber, an exhaust valve for the reverse bounce
chamber, and automatic means responsive to- a
predetermined direct bounce chamber pressure
for opening said exhaust valve after the direct
bounce chamber is connected to said source.

4. A starter for an internal combustion engine
of the free piston type having a direct bounce:
chamber, compression in which tends to move
the engine piston in the direction of its compres-
sion stroke; and a reverse bounce chamber, com-
pression in. which tends to move the piston. in the
direction: of its outward stroke, comprising a
source of gas under pressure, manually operable:
means to connect said source first with the
reverse bounee chamber and then with the di-~
rect bounce chamber, an exhaust valve for the
reverse bounce: chamber, and automatic means
responsive to predetermined pressure in the di~
rect bounce chamber for opening said exhaust
valve and for cutting off the connections to said
source:

5. A starter for an internal combustion engine
of the free piston type having a direct bounce
chamber, compression in which tends to move the
engine piston in. the direction of its compression
stroke; and & reverse bounce chamber, compres-
sion in which tends to move the piston in the di-
rection of its outward stroke, comprising a source
of gas under pressure; two valves for connecting
said: source with said chambers respectively, and
manually operable means movable in one diregs
tion to: first open. the valve to the reverse bounce
chamber and further on its movement to open
the valve to the direct bounce chamber, an ex~
haust valve for the reverse bounce chamber, and
means operable by pressure connected to the di~
rect bounce chamber to open said exhaust valve.

6. A starter for an internal combustion engine
of the free: piston type having a direet bounce
chamber, compression in which tends to move the
engine piston: in the direction of its compression
stroke; and: a reverse bounce chamber, compzes-
sion. in: which tends to move the piston in: the
direction of its outward stroke, comprising an
auxiliary' chamber connected by a leakage pas-
sage to- the direct: bounce chamber when: the
engine piston is at the-end: of its: working stroke
and by open: ports: when the- piston has moved
a short distance on: its compression stroke,. a
source-of gas under pressure, a manually operable
valve-for connecting said source with said reverse
kounce: chamber, a. manually operable valve. for
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connecting sald source with sald auxiliary eham-~
ber, an exhaust valve for the reverse bounce
chamber, and means operable by pressure in
said auxiliary chamber to open said exhaust
valve.

7. A starter for an internal combustion engine
of the free piston type having a direct bounce
chamber, compression in which tends to move
the engine piston in the direction of ifs com-
pression stroke, and a reverse bounce chamber,
compression in which tends to move the piston
in the direction of its outward stroke, compris-
ing a source of gas under pressure, means pro-
viding a storage chamber for gas under pressure,
manually operable means for conmnecting said
source to said storage chamber and connecting
said storage chamber to said reverse bounce
chamber, manually operable means to thereafter
connect said storage chamber to said direct
bounce chamber, means to vent said reverse
bounce chamber after a predetermined pressure
has been attained in said direct bounce chamber
and automatic means responsive to direct bounce
chamber pressure to break the connection be-
tween said source and said storage chamber.

8. An arrangement as called for in claim 7, to-
gether with vent means operable to vent both said
bounce and reverse bounce chambers when the
engine is stopped, and means for rendering said
vent means inoperable during predetermined
portions of a starting operation. i

9. A starter for an internal combustion engine
of the free piston type having g direct bounce
chamber, compression in which tends to move
the engine piston in the direction of its compres-
sion stroke, and a reverse bounce chamber, com~
pression in which tends to move the piston in the
direction of its outward stroke, comprising a
source of gas under pressure, means providing a
storage chamber for gas under pressure, man-
ually operable means for connecting said source
to said storage chamber and connecting said
storage chamber to said reverse bounce chamber,
manually operable means to thereafter connect
said storage chamber to said direct bounce cham-
ber, an exhaust valve for the reverse bounce
chamber, and automatic means operable by pres-
sure connected to said direct bounce chamber to
break the connection from said source to said
storage chamber and fo open said exhaust valve,

10. A starter for an internal combustion engine
of the free piston type having a direct bounce
chamber, compression in which tends to move the
engine piston in the direction of its compression
stroke, and a reverse hounce chamber, compres-
sion in which tends to move the piston in the di-
rection of itg outward stroke, comprising a source
of gas under pressure, manually operable means
to connect said source first with the reverse
bounce chamber and then with the direct bounce
chamber, an exhaust valve for the reverse bounce
chamber, automatic means responsive to direct
bounce chamber pressure for opening said ex-
haust valve after the direct bounce chamber is
connected to said source, and automatic means to
close said exhaust valve after the piston starts on
its next working stroke.

11. A starter for an internal combustion engine
of the free piston type having a direct bounce
chamber, compression in which tends to move the
engine piston in the direction of its compression
stroke, means operable to vent said bounce cham-
ber when the engine is stopped, and a reverse
pbounce chamber, compression in which tends to
move the piston in the direction of its outward
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stroke, comprising a source of gas under pres-
sure, manuslly operable means to connect said
source first with the reverse bounce chamber and
then with the direct bounce chamber, an exhaust
valve for the reverse bounce chamber, automatic
means responsive to direet bounce chamber pres-
sure for opening said exhaust valve after the di-
rect bounce chamber is connected to said source,
and automatic means to close said exhaust valve
after the piston starts on its next working stroke,
and means operable by said manually operable
means to render said vent means inoperable dur-
ing admission of the gas pressure to said reverse
bounce and direct bounce chambers during a
starting operation.

12. A starter for an internal combustion engine
of the free piston type having a direct bounce
chamber, compression in which tends to move the
engine piston in the direction of its compression
stroke, and a reverse bounce chamber, compres-
sion in which tends to move the piston in the
direction of its outward stroke, comprising a
source of gas under pressure, manually operable
means to connect said source first with the re-
verse bounce chamber and then with the direet
bounce chamber, an exhaust valve for the reverse
bounce chamber, automatic means responsive to
direet bounce chamber pressure for opening said
valve, automatic means to close said exhaust valve
after the completion of the compression stroke,
and means for adjusting the last said means so
that a predetermined portion of the next work-
ing stroke elapses before the exhaust valve closes.

13. A starter for an internal combustion engine
of the free piston type having a direct bounce
chamber, compression in which tends to move the
engine piston in the direction of its compression
stroke, and a reverse bounce chamber, compres-
sion in which tends to move the piston in the
direction of its outward stroke, comprising a
source of gas under pressure, manually operable
means to connect said source first with the re-
verse bounce chamber and then with the direct
bounce chamber, an exhaust valve for the reverse
bounce chamber, and automatic means for open-
ing said exhaust valve after the direct bounce
chamber is connected to said source, said suto-
matic means comprising a toggle, connections to
said manually operable means for breaking the
toggle in one direction, a spring for holding the
toggle broken, a piston connected to said toggle,
a cylinder around said piston, and means provid-
ing a passage from the direet bounce chamber to
said cylinder to straighten the toggle when a pre-
determined pressure is present in the direct
bounce chamber.

14, A starter for an internal combustion engine
of the free piston type having a direct bounce
chamber, compression in which tends to move the
engine piston in the direction of its compression
stroke, and a reverse bounce chamber, compres-
sion in which tends to move the piston in the
direction of its outward stroke, comprising g -
source of gas under pressure, a storage chamber,
manually operable means for connecting said
source to said storage chamber and connecting
sald storage chamber to said reverse bounce
chamber, manually operable means to thereafter
connect said storage chamber to said direct
bounce chamber, an exhaust valve for the reverse
bounce chamber, and automatic means operable
by pressure connected to said direct bounce
chamber to break the connection from said source
to sald storage chamber and to open said exhaust
valve, said automatic means comprising a toggle,
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connections: to sald: manually opershle means - for

breaking. the toggle in one direction, s spring for:
holding the: toggle broken, a piston. connected. to.

the: toggle, a. cylinder around said. piston, and
means providing a passage.from-the direct hounce
chamber to.said. cylinder to straighten the toggle
when: a predetermined pressure is. present. in the
bounce: chamber:

15. A starter for an internal combustion. en~
gine: of the- free piston. type having a direet
bounce chamber; compression in which tends $o

move. the: engine piston. in the direction of its

compression stroke, and a reverse bhounce cham-
her, compression in which tends to move the pis-
ton in. the direction of its outward stroke, com-
prising; a-source. of gas under pressure, manually
operable-means to connect said. sourece first with
the reverse bounce chamber and then with the
direct. bounee chamber, an exhaust valve for the

reverse- bounce chamber, and automatic means ©

for opening  said exhaust valve after the direct
bounce chamber is connected to said source, said:
automatic means comprising a- spring normally
closing said. exhaust valve; a piston and cylinder
pressure which. overcomes the spring and opens
the- valve, means for introducing and trapping
valve-opening pressure in. said cylinder, and a
leak passage allowing gas to escape from said
eylinder.

16. An arrangement as called for in claim 15, i

together with means normally standing open and
responsive to pressure in said direct. bounce
chamber to close said leak passage, and means
normally. rendering said responsive means in-

operative and manually operable to. render said

responsive means operable.

17. An apparatus for controlling starting of an
internal combustion free piston machine having
an air compressor piston subject on one side to

air in an. air compressing chamber and on. the 4¢

opposite side to air in a reverse hounce chamber,
a. rigidly connected power piston operable by
products. of combustion from compression igni~
tion in a.power chamber to actuate.said compres-
sor pistocn on an air compression stroke, and
direet bounce air cushion means for actuating
said piston on an air intake stroke and to. provide
compression ignition, said apparatus comprising
reverse bounce supply means for supplying fluid
under pressure to said reverse bounce chamber
for moving said pistons. on an air compression
stroke to a starting position, direct bounce supply
means operable. upon movement of. said pistons to
said starting position to supply fluid under pres-
sure to said air cushion means, vent, valve means
for releasing fluid under pressure from said re-
verse bounce chamber to render said fluid under
pressure in said cushion means effective {0 move
said pistons on said intake stroke to provide com-~
pression ignition, and sequence means operable
upon & chosen increase in pressure in said cushion
means to effect operation of said reverse bounce
supply means to cut off supply of fluid under
pressure to said reverse bounce chamber and to
also effect operation of said vent valve means %o
release fluid under pressure from said reverse
bounce chamber.

18. An apparatus for controlling starting of an
internal combustion free piston machine having
an air compressor piston subject on one side to
air in an air compressing chamber and on the
opposite side to air in a reverse bounce chamber,
a rigidly connected power piston operable by
products of combustion from compression ignition
In a power chamber to actuate said compressor
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pistor: on. an. air compression. stroke, and: direst:
bounce. air- cushion means, for actuating: sald pis-
ton an an air intake stroke.and to provide:com-
pression. ignition; said. apparatus. comprising: re-
verse: bounce- supply- means for supplying: fluid:
under pressure to said. reverse. bounce: chamber
for moving said: pistons on an air compression.
stroke-to.a starting position, direct hounce supply,
means gperable upon movement of: said pistons:
to: said starting: position to. supply fluid, under
pressure. to, said. air cushion: means, vent: valve.
meang for releasing: fluid under pressure. from:
sald; reverse: bounce chamber- to render said- fluid.
under pressure in said cushion means effective: to.
move said. pistons on said intake stroke to pro-
vide: compression. ignition, and. sequence. mea:
operable upon a,chosen increase in pressure in
said cushion means to effect operation of said

direct. bounce supply- means and reverse bounce:
supply means to. cut off the supply of fluid under

pressure to, respectively; said cushion means and:

said reverse bounce- chamber and to also effect

operation of said vent valve means.

19. An apparatus for controlling starting of an.
internal combustion: free piston machine having:
an air compressor piston subject on one side, to.
air in an air compressing chamber and on the op-
posite side to air in a reverse bounce chamber, a
rigidly connected power piston operable by prod~
ucts of combustion from compression. ignition
in a power chamber to actuate said compressor
piston on an air compression stroke, and direct
bounce air cushion means for actuating said, pis-.
ton on an air intake. stroke and to provide com=
pression ignition, said apparatus comprising re-.
verse bounce supply means for supplying fluid
under pressure. to said reverse. bounce chamber
for moving said pistons on an air compression
stroke to a starting position, direct.bounce supply
means operable upon movement of said pistons
to said starting position to. supply fiuid under
bressure to said air cushion means, vent valve
means for releasing fluid under pressure from
said reverse bounce chamber to render said fluid
under pressure in said cushion means effective to
move said pistons on said intake stroke to pro-
vide compression ignition, sequence means. oper-
able upon a chosen. increase in pressure in said
cushion means to effect operation of said direct
bounce supply means and reverse bounce supply
means to cut off the supply of fluid under pres-
sure to, respectively, said cushion means and said
reverse bounce chamber and {o also effect opera-
tion of said vent valve means, and means oper-
able upon a chosen reduction in pressuxe of fluid
in. said. cushion means to. effect operation of said
vent valve means to terminate release of fluid .
under pressure from said reverse bounce chamber.

20. An apparatus for controlling starting of an
Internal combustion free piston machine having
an air compressing piston subject on opposite
sides. to. pressure of air in air compressing and
reverse bounce chambers, respectively, a, rigidly
connected. power biston for moving said com-
pressing piston in the direction against azipr in
sald air compressing chambper; and: direct bounce:
flnid pressure cushion means for moving said
piston. in the opposite direction, said spparatus
comprising first valve means for supplying fluid
under pressure to said reverse bounce. chamber
for moving said pistons to a chosen position in
the first named direction, second valve means.
for supplying fluid under pressure to said eushiony
means, vent valve means for venting the. fluid
under pressure from: said reverse bounce chams.
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ber, and means for effecting operation of said
vent valve means upon a chosen increase in
pressure in said cushion means.

21. An apparatus for confrolling starting of an
internal combustion free piston machine having
an air compressing piston subject on opposite
sides to pressure of air in air compressing and
reverse bounce chambers respectively, a rigidly
connected power piston for moving said com-
pressing ‘piston in the direction against air in
said air compressing chamber, and direct bounce
fluid pressure cushion means for moving said
piston in the opposite direction, said apparatus
comprising valve means for supplying fluid under
pressure to said reverse bounce chamber and to
said cushion means, means for delaying supply
of fluid under pressure to said cushion means
with respect to supply of fluid under pressure to
sald reverse bounce chamber, means for cutting
off said supply of fluid under pressure to and for
bottling up the fluid pressure in said cushion
means, vent valve means for venting the fluid
under pressure from said reverse bounce cham-
ber, and means responsive to a certain increase
in pressure in said cushion means to effect oper-
ation of said vent valve means.

22. An apparatus for controlling starting of an
internal combustion free piston machine having
an air compressing piston subject on opposite
sides to pressure of air in air compressing and
reverse bounce chambers, respectively, a rigidly
connected power piston for moving said com-
pressing piston in the direction against air in
said air compressing chamber, and direct bounce
fluid pressure cushion means for moving said
piston in the opposite direction, said apparatus
comprising means for supplying fluid under pres-
sure to said reverse bounce chamber to move said
pistons to a chosen position.in the first named
direction, means for limiting to a chosen degree
the pressure of fluid supplied to said reverse
bounce chamber, means for supplying fluid under
pressure to said cushion means, means for limit-
ing to a chosen higher degree the pressure of
fluid supplied to said cushion means, vent valve
means for venting fluid under pressure from said
reverse bounce chamber, and means responsive to
a chosen increase in pressure in said cushion
means to effect operation of said vent valve
means.

23. An apparatbus for controlling starting of an
internal combustion free piston machine having
an air compressing piston subject on opposite
sides to pressure of air in air compressing and
reverse bounce chambers respectively, a rigidly
connected power piston for moving said com-
pressing piston in the direction against air in said
air compressing chamber, and direct bounce fluid
pressure cushion means for moving said piston
in the opposite direction, said apparatus com-
prising a first valve means for supplying fluid
under pressure to said reverse boumce chamber
for moving said pistons to a chosen position in
the first named direction, fluid pressure operable
vent valve means for releasing fluid under pres-
sure from said reverse bounce chamber, a feed
valve device operable upon supply of fluid under
pressure to a first communication to supply fluid
at a reduced pressure from said communication to
said cushion means and to another communica-
tion, choke and check valve means in the fluid
supply commuuication to said cushion means, a
check valve for preventing reverse flow of fluid
under pressure from said other communication, a
second valve means for supplying fluid under
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pressure to said first communication, a third valve
means for opening said other communication to
said vent valve means, and means for effecting
sequential operation of said first, second and
third valve means in the order named.

24, An apparatus for controlling starting of an
internal combustion free piston machine having
an air compressing piston subject on opbosite
sides to pressure of air in air compressing and
reverse bounce chambers respectivey, a rigidly
conmected power piston for moving said com-
pressing piston in the direction against air in
said air compressing chamber, and direct bounce
fluid pressure cushion means for moving said
piston in the opposite direction, said apparatus
comprising a first valve means for supplying fluid
under pressure to said reverse bounce chamber
for moving said pistons to a chosen position
in the first named direction, a second valve means
for supplying fluid under pressure to said cushion
means, means for delaying operation of said
second valve means with respect to operation of
said first valve means, vent valve means for open-
ing a vent from said reverse bounce chamber for
releasing fluid under pressure therefrom to ren-
der said pistons movable by pressure of fluid in
said cushion means, means responsive to a chosen
increase in pressure in said cushion means to
effect operation of said vent valve means to open
said vent, and means operable in response to a
reduction in pressure in said cushion means to
effect operation of said vent valve means to close
said vent. )

25. An apparatus for controlling starting of an
internal combustion free piston machine having
an air compressing piston subject on opposite
sides to pressure of air in air compressing and
reverse bounce chambers, respectively, a rigidly
connected power piston for moving said com-
pressing piston in the direction against air in
said air compressing chamber, and direct bounce
fluid pressure cushion means for moving said
piston in the opposite direction, said apparatus
comprising first valve means for supplying fluid
under pressure to said reverse bounce chamber,
second valve means for supplying fluid under
pressure to said cushion means, vent valve means
operable by fluid under pressure to open a fluid
pressure vent from said reverse bounce chamber
for releasing fiuid therefrom to render said pis-
tons movable by pressure of fluid in said cushion
means, exhaust valve means for releasing fluid
under pressure from said vent valve means to
effect operation thereof to close said vent, and
means for delaying operation of said second valve
means with respect to operation of said first
valve means and for. effecting first supply of
fluid under pressure to said vent valve means
and then operation of exhaust valve means, sub-
sequent to operation of sald second valve means.

FRANK M. LEWIS.
WILLARD A. MORAIN.
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