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This invention relates to fuel injection means
for use in connection with internal combustion
engines of the free piston type.

In the running of engines of this character,
the position attained by the pistons at the com-
bustion end of their strokes, when a fuel charge
is to be injected, will vary with the load and the
: speed. Therefore, if the usual type of fuel in-

Jjection is used wherein the injections occur when '

" the pistons reach a certain point in the cylinder,
this variation in stroke induces undesirable varia-
tion in the timing of injections of the fuel with

reference to the combustion end of the stroke, so
that the injection may occur too early, too late:

or possibly not at all.

22 Claims. (Cl. 123—46)

10

15

The object of the invention is to obviate the

above-noted objections by the provision of a
novel and efficient means which is operable by
running of the free piston engine to time the
fuel injections with respect to the relation of the
pistons to the ends of their compression strokes,
regardless of how the length of the strokes may

vary with variations of the load and speed of the

engine.

Another object of the invention is the pro-
vision of a novel and efficient fuel pump of the
character described, which, in its operation, will
utilize a large part of the engine piston stroke to
pump fuel, thus obviating the mechanical diffi-
culties arising ordinarily in the operation of such

a pump due to the fuel injection taking place at’

a very small portion of the piston motion at the
end of a compression stroke, .- S

Further objects and advantages of the inven
tion will be apparent from the following descrip-
tion, and from the accompanying drawings, in
" which— .-

Figure 1 is a vertical section of -an ‘apparatus
embodying the invention, with parts in full and
with the lower portion offset from the center line

of the pump plunger, as shown by the.dotted line.

I—I in Fig. 2; Fig. 2 is a vertical section on the
line 2—2 in Plig. 1; Flig. 3 is a fragmentary cross-

section on the line 3—3 in Fig. 1; Fig. 4 is a cross-

section on the line 4—4 in Fig. 1; Fig. 5 is a frag-
mentary section on the line. 5—5 in Fig. 2; Fig.
" 6 is a top-plan view of the.apparatus, with parts
broken away; Fig. 7 is a vertical fragmentary sec-
tion of a modified bleed feature for the injection
timing piston; Fig. 8 is a fragmentary section
illustrating a modified feature of the timing
means; and Fig. 9 is a diagrammatic side elevg-
tion of an engine having an injection means in
accordance with the present invention.
Referring to the drawings, 10 designates the

2

stationary body of a fuel injection means em-
bodying the present invention and which is car-
ried by a bracket, or in any other suitable man-

‘ner, at the side of an associated internal combus~

tion engine of the free piston type in convenient
position to be actuated by the piston synchroniz-
ing means of the engine through an intermediate
mechanism hereinafter described. The general
organization of the parts as applied to a free pis-
ton engine is shown in Fig. 9, The pump body 10,
which in the illustrated embodiment of the in-
vention- is rectangular in cross-section, is pro-
vided longitudinally in its top end portion with
& large bore [| and from the bottom end of this
with.a smaller bore 12 which terminates short of
the lower end of the body, as best shown in Fig. 2.
A pump plunger 3 is mounted for longitudinal
reciprocatory movements in the bore 12, prefer-

- ably having a bearing in a lining 14 therein, and )
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has its outer end projecting into the bore 1 and
connected to a cup 15 reciprocably movable there-
in. An inward stroke is imparted to the plunger
13 during the compression stroke of the engine
pistons by means hereinafter described, and such
inward movement is resisted by a coiled spring
6 disposed in the bore [{ between its bottom

.and the cup (5 in surrounding relation to the .

plunger. .
The lower end of the lining i4 or of the bore
receiving the pump plunger 13 has inlet ports

- 18 in its side wall in communication with an ofl

40

supply passage 8 in the body 18, such ports be-
ing located a short distance above the lower end
of the bore. ‘This end of the bore is provided with
an outlet passage 20 leading to a charge cham-
ber 21 in the inner end of a bore 22 (Fig. 1) that
is provided transversely in the lower end portion:
of the body 10. A check valve (Figs. 3 and 5) is
mounted in the passage 20 and opens outwardly
relative to the lower end of the pump bore., )
The pump plunger {3 cooperates with the fuel
admission port 18 to regulate its closing in a well-
known manually or automatically variable man- .
ner upon an inward.compression stroke of the
plunger and to open it at the end of such stroke,
PFor this purpose, the inner end of the pPlunger is
provided with axially spaced relief portions which
successively register with the port 18 during
movements of the plunger and are partially di-
vided by a helical edged portion 24 which, in an-
inward movement of the plunger, moves across
the port I8 and effects a closing thereof. The
period of compressing action of the plunger (3

. takes place during the middle portion of its in-

stroke and is regulated by a turning of the
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plunger, which may be accomplished manually
or in a governor-controlled manner, by the move-
ment of a rack-bar 25 in engagement with &
pinion 28 in connection with the plunger, thus
regulating the amount of fuel pumped into the
charge chamber 21 at each pumping stroke of the
plunger i3. In the present instance, the pinion
28 has a hub sleeve 21 projecting upward there-
from within the bore fI and longitudinally
slotted at opposite sides to slidingly receive the
projections 28 on opposite sides of the plunger,
as best shown in Fig. 1. It is thus apparent that
rotary adjustment of the plunper to regulate the
amounts of the charge to be pumped thereby Is
effected by & rotation of the pinion sleeve 27 and
that its engagement with the sleeve will not pre-
vent longitudinal movements of the plunger.

A charge ejecting plunger 30 (Fig. 1) is mounted
in the bore 22 and is yleldingly movable in an out-

ward direction to oppose the pumping of a charge

into the chamber 21 by the pump plunger. While
the yielding means opposing the outward move-
ment of the plunger 30 may be of any suitable

10

character, it is shown, in the present instance, as -

. being pneumatic and as comprising a piston 3|
.on the outer end of the plunger working in a
cylinder 32 that is supplied with a high fluid pres-
sure through & supply line 38. It is found that a
pressure of approximately 1000 pounds per square
inch is suitable for the purpose. An outlet pas-
sage 34 is provided from the charge chamber 21
and this communicates with such chamber
through an annular recess 88 in the chamber
wall. The passage 34 is normally. closed by a
trigger plunger, as hereinafter described, and is
_not opened to the fuel injection nozzle with which
it communicates until the pump plunger 3 is
very close to the end of its instroke. )
The plunger 30 is provided at its inner end

with a land 36 that is slightly less in depth than .

the width of the recess 38, so that when the
plunger is at the inner end of its movement, the
charge chamber 21 is closed to the recess and the
recess is opened at its opposite edge through a
recessed portion 37 in the plunger to a relief
passage 38 in the body 0. As the plunger 30
begins to move outward under the compressing’
action of a charge in the chamber 21, the com-
munication between the recesses 35 and 37 will
be closed at approximately the time when the
inner end of the land 36 uncovers the communica-
tion between the chamber and the recess.35. The
plunger 30 moves outward a considérable extent
under the force of the fuel charge being pumped
into the chamber 21, so that when the outlet
passage 34 i opened to the injection nozzle, the
charge is forcefully ejected through the passage
by the inward movement of the plunger 30 under
its inward actuating force. Due to the difference
in areas of the piston 3! and the inner end of the
plunger 38, the ejecting pressure applied to the
charge by the plunger is considerably greater than
the pressure acting on the piston. The inward
movement of the plunger 30 is stopped immedi-
ately after the inner edge of the land 38 has passed
the inner edge of the recess 38 due to the hydrauiic
lock existing in the charge chamber 21 by reason
of the only release of oil therefrcm being through
sald recess and the passage 34, which are now
closed. The relief passage 38 is interrupted by the
pump plunger 13 and is opensd when the plunger
1s at the lower end of its stroke due to a surround-
ing recess 39 in the plunger moving into register
with the relief passage, as best shown in Fig. 2.

The purpose of this relief is to prevent dribbling at 7
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" bracket arms 87 at the upper end of

70

76

of the engine, Fig. 9.

the nozzle when the plunger 38 has moved in-
wardly sufficiently to close communication be-
{ween charge chamber 21 and passage 34.

The trigger valve 40 (Fig. 1, Fig. 2) which con-
trois the timed release of a charge to the injec-
tion nozzle, is of plunger form and mounted in
o bore 81 disposed crosswise of the body {0 above
the ejection plunger 30 and into which bore the
charge ejecting passage 34 opens. The valve 40
has an elongated recess 42 which, when the valve
is at substantially the inner end of its movement,
opens communication between the passage 34.and
an outlet passage 43 leading to the fuel injection
nozzle (not shown) of the engine. An annular
recass 44 is provided in the wall of the bore 41
at the inner end of the passage 43, and this re-
cess is normally closed by a land portion of the
valve. A relief passage 45 opens communication
between the inner closed end of the bore 41 and
the outlet end portion of the passage 38 (Fig. 4),
which is disposed at the outer side of the pump
plunger (3. When the valve 40 is in its outward
or closed position, the passages 43 and 45 are in
communication, thus relieving pressure in the
nozzle line 43 and preventing dribbling.

A colled compression spring 48 acts on the outer

end of the trigger valve 40 to normally hold it in
outward position, or in closed relation to the fuel
ejection passage 43, and a quick inward -move-
ment is imparted to the valve by the sudden
movement of a trip-lever 41 to open the ejection
passage 34, 43 for the properly timed emission
of a charge. This trip lever is actuated in proper
synchronized relation to the piston movement
by the actuating means hereinatter described, and
has its fulerum pin 48 mounted in the short in-
waidly projecting arm of a ball crank lever
48, which lever is in turn carried by a fulerum
pin 80 through the medium of an eccentric bush-
ing 51, The fulcrum pin 50 is mounted in a forked
bracket arm 52 projecting from the upper end
portion of the body- 10, and the trip lever
41 projects upward through the fork open-
ing ‘of this bracket, as shown in Figs. 1 and
6. The lever A1 is disposed lengthwise of the
body 10 or vertically, in the present instance,
and has its lower long arm in engagement with the
outer end of the trigger valve 40 and its upper arm
projecting above the bracket 52 and carrying a
roller 53 which rides against the peripheral face
of a segmental rocker arm B4. Such peripheral
face, except at its upper end portion, is concentric
to the rocking axis of the arm and at such upper
end portion is provided with a raised or outwardly
projecting cam portion 85. It is apparent that
an outward pressure of the trigger valve 40
against the lower end of the trip lever 41 holds
its roller 53 in rolling contact with the peripheral
face of the rocker arm 64 and with the cam
portion 65 of such face as it traverses such face
and cam, and that as the cam moves into en-
gagement with the roller, a sudden tripping move-
ment will be imparted to the lever 47 to eflect
an inward movement of the trigger valve to re-
lease a fuel charge.

The rocker arm 84 is carried by a rocker shaft
56 (Figs. 1 and 6) that is mounted in spaced
the body (0.
A segmental rocker arm 88 fixedly projects from
ohe end of the shaft §8 in the direction of pro-
jection of the rocker-arm B4 and has its periph-
eral edge forming a segmental gear In engage-
ment with a driving pinion 59 mounted on the
pinion shaft 80 of the piston synchronizing means
In the present instance,

P
e
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each air compressor piston of the engine has a
rack-bar: 61 projecting inwardly therefrom in
laterally spaced lapping relation and a synchro-
. nizing pinion 62 is mounted therebetwecen on
the shaft 60 in engagement at opposite sides of
the shaft axis with the racks, as well understood
in the art. It is apparent that this rack and
pinion connection between the engine pistons
causes them to have uniform inward and outward
stroke movements and that the connection of the
shaft 60 with the rocker shaft 56 through the
segmental rocker arm 58 and pinion 59 causes
the rotary reciprocatory movements of the shaft
60 to impart corresponding movements to the
shaft 56, with the inward and outward rocking
movements of the rocker members 54 and 58
relative to the associated pump plunger {3 tak-
ing place, respectively, during.the compression
and outward power strokes of the engine pistons.
The rocker shaft 56 is disposed at one side of
the axis of the pump plunger 13 transverse there-
to and the rocker arms 54 and 58 have a common
radial center plane which crosses over the outer
end of the plunger {3. A shaft 65 connects the
arms 54 and 58 in said plane, being disposed
directly over the axis of the plunger 3 and has
eccentric journals 68 mounted for rotary ad-
Justing movements in the arms. ‘ A set-screw §71
~ is carried by the arm 54 and coacts with its ec-

centric 66 to hold the shaft in adjusted position.

A roller 88 is mounted on the shaft 65 inter-
mediate the arms 54 and 58 in position to bear
centrally on the top of the plunger head I5 and
. Impart an inward stroke to the plunger against
the tension of the spring 16 during an inward or
clockwise rocking movement of the rocker arms.
* It is apparent that during the major portion of
this inward stroke rocking movement of the arm
54, its plain peripheral surface 55* will be in co-
action with the roller 53 of the trip lever 41, so
that no movement is imparted to such lever, and
that when the rocker arm is close to the limit
of its inward stroke, the cam projection 55 of
the arm will coact with the roller 53 of the trip
lever 471 and impart a sudden inward movement
of the trigger valve 40 to open fuel charge in-
. Jection position. The engagement of the cam
portion 5§ with the trip lever roller is timed to
take place in predetermined relation to the end
of piston compression: strokes and during the
speed changing movement of the engine pistons
at the end of such strokes DPreparatory to a re-
versal of the piston movements. This timing
may be accurately effected by an adjustment
of the eccentric portions 66 of the shaft carrying

the roll 68 and eccentric 51 of lever 49. so that.

. the tripping action will take place at the most
" désirable point in an engine cycle under one
condition of use. o

‘Should the length of the working strokes of
the engine pistons be increased over normal,
either automatically or by means of an engine
stroke control device, the fuel injection timing is
automatically adjusted with respect to ‘the com-
pression stroke terminal positions of the pistons

-by means of a mechanism which will now be de-
scribed and which includes the rocker lever 49
carrying the trip lever 41, The long arm of the

. 'lever 49 is in connection with the outer stem por-

“tion of a timing piston 10, so that a reciprocatory
movement of piston 70 imparts a rocking move-
ment to arm 49. Ofl pressure in the inner end
of the chamber 71 tends to move plunger 10 out-
ward and a coiled compression spring 12 inter-
posed between the outer end of the plunger stem
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and bracket 18 on the body 10 tends to move
plunger 70 inward. Oi]l from the constant pres-
sure supply passage 19 in the body 10 is sup-
plied to the cylinder T1 through passages 14 and
15 (Figs. 1 and 2), which passages communicate

_with the bore 41 for the trigger valve 40 and are

placed in open connection through an axially
elongated recess 76 in the trigger valve when such
valve is at the limit of its inward stroke. A
needle valve 77 i{s mounted in the body 10 in
position to regulate the opening of a bleed pas-~
sage 18 from the passage 186 and which leads to
any suitable point of drainage which may be the.
source from which the oil is taken by a constant
bressure pump supplying passage 19. This valve
is so adjusted that at normal stroke an equal
quantity of ofl is lost from cylinder 71 to that

-added with each stroke of the trigger plunger 40,

In the operation of the pump or fuel injecting
means illustrated, the pump plunger 13 will be
depressed to pump an oil charge into the cham-’
ber 21 during the compression stroke of the en-
gine pistons, such charge. compression taking
‘place during the intermediate portion of the

. Plunger movement. As the charge is forced into

the chamber 21, the injection plunger 30 is moved
cutward ‘against its resisting force to full open
position of the discharge passage 34, the extent
of movement of the plunger depending on the
volume of charge pumped into the chamber 21.
The check valve 23 in the passage to chamber 21
closes against any back movement of the charge
from the chamber.. When the pump plunger 13
is near the end of its instroke and the pistons are

-about to or beginning to slow down for reversal

of movement, the cam 55 on the rocker arm 54
will move into engagement with the roller 83 and
impart a sudden tripping movement to the lever
47 to quickly move the trigger valve 40 to open
position to permit the ejection of a fuel charge
to the injector nozzle through the passages 34

and 43 and recess 42 of the trigger valve. At the .

same time, or while-the valve is at the inner end
of its stroke, the oil supply passages 14 and 15
to the timing chamber Tl are opened through

- the communicating recess 16 in the trigger valve.

60

If the stroke of the engine pistons is normal and
the bleed valve 18 is adjusted so that the release
from the passage 15 equals the quantity of oil
supplied through said passage to the chamber 71
at each engine stroke, then there will be no move-
ment of the timing piston 70 and the injection
timing will continue ‘proper for normal stroke
running of the engine. If, however, the engine
piston stroke is lengthened, the time roller 53 is in
contact with cam 55 is initially increased in pro-
portion to the time the roller is on the concentric
portion 552 of the rocker arm 54, and therefore
the time during which oil enters chambers 11 con-
stitutes a longer portion of the entire stroke, and
more oil enters chamber 71 than escapes during
each stroke for a time. This results in outward
movement of timing piston 10 and consequent
downward movement of fulcrum 48, resulting in a
later contact of cam 55 with roller 53 and con-
sequent later opening of the inlet into chamber
11, This continues until once more the amount
of oil entering chamber 71 just equals that escap-

" ing during each stroke.

70

76

If the stroke is shortened, the reverse action
takes place, plunger 70 moving inward until once
more as much oil enters chamber 11 at each stroke
as escapes therefrom during that stroke.

In the construction thus far described, the oil
entering chamber 11, while the trigger plunger
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is in its inner position, is under constant pres-
sure, and the bleed passage Is constant. If the
pressure of spring 12 was constant, the result
would be that the time during which oil entered
the chamber Ti would always be in the same
ratio to the total time while the engine maintained
a constant speed and length of stroke, regardless
of the actual speed or length of stroke. As a
consequence, the interval of time between the
start of fuel injection and the end of the com-
pression stroke would be in a constant ratio to the
total time of engine piston reciprocation.

Since spring 12 presents increasing reslstance
to outward movement of timing piston 70, length-~
ening the stroke and consequent outward move-
ment of piston 10 results in some increase in
pressure in chamber 71, with consequent increase
in the rate of bleeding because of increased dif-

ferential of pressure on the two sides of the bleed

valve, and with decrease in the rate of entrance

(221

10

20

of oil from passage I8 because of decrease in dif-

ferential pressure between passage 19 and cham-
ber 11. This differential may be increased or de-
creased by shortening or lengthening spring 12,
or may be completely eliminated by substituting
for spring 12 a constant pressure device.

If desired, the fuel injection may be modified
by adjusting the bleed valve so that the interval
between fuel injection and the end of the com-

pression stroke will vary in proportion to the .

time of the entire engine piston reciprocation in
the desired manner.

For example, there is shown in Fig. 7 a device
by which the bleed valve is automatically opened

in response to increased engine speed and con-

sequent increased peak pressures on the com-
pression stroke, In this construction valve 118
is shown directly connected to piston 718 in cham-
ber 80 and piston 81 in chamber 82. Piston 81
and valve 11* are pressed in valve-closing direc-
tion by spring 88 compressed between piston 8i

and an adjustable stop 84. Chamber 82 is con- -

nected to the rebounce chamber R of the engine
by passage 885 controlled by check valve 86, and
chamber 80 is similarly connected to the com-
pression chamber C of the engine by passage 81
controlled by check valve 88, Passage 85 has a
branch 88 controlled by a bleed valve 99, and pas-
sage 81 has a branch 8| controlled by a bleed
valve 82. Pistons 79 and 8{ are preferably pro-
portioned to each other in the same way as the
compression chamber is proportioned to the re-
bounce chamber, ’

It will be seen that compressed gases will enter
chambers 80 and 82 during the compression stroke
of the engine, and will escape constantly through
the bleed valves. With increased stroke and
higher compression, the pressures -in chambers
80 and 82 increase and the pistons move against
spring 83 and increase the leakage past valve 1=,
This increase in the rate of leakage results in a
reduction of pressure in chamber Tf and an ad-
vance in the time of fuel injection, until the rela-
tive duration of the connection between passages
18 and 19 is increased sufficiently to make the
introduction of oil into chamber Tf equal the in-
creased leakage.

It will be seen that the effect of the automatic
control just described is in the opposite direction
from that of the increasing pressure of spring 12
as it is compressed, and by proper adjustment it
may be made to first counterbalance the effect
of the variation in pressure of the spring or to
only partially overcome it or to overcompensate
and give a net result in the opposite direction. By

60
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these means the automatic timing of fuel injec-
tion may be adjusted to secure that injection, not
only at the desired time for one length of stroke,
but also to automatically time.the fuel injection
to exactly the same proportional point for a
longer or shorter stroke, or for a relatively ear-
lier or later injection, as preferred, for a rela-
tive increase or decrease in engine speed.

Turning eccentric 51 advances or retards the
tuel injection for a given position of timing pis-
ton 10, and hand adjustment of the eccentric may
be employed for this purpose.

In the construction shown in Fig. 8, there is
shown automatic means for adjusting eccentric
5is. This means comprises a gear 93, securely
fastened to the eccentric shaft, and a rack 84 in
mesh with the gear. The rack is attached to a
piston 95 in a cylinder 96, and the rack rod is ex-
tended upward to form a piston 87T in cylinder 98.
A spring 99 urges the pistons upward. Piston
95 is urged downward by compressed gases com-
ing through passage 100 past check valve 10t from
the rebounce chamber of the engine, and piston 91
is urged downward by gases coming through pass-
age 102 past check valve 103 from the compres-
sion chamber of the engine. A bleed passage
(04 from cylinder 96 is controlled by valve 105,
and a bleed passage 106 from cylinder 98 is con-
trolled by a valve 107. The peak pressures in the
rebounce and compression chambers increase as
the speed of the engine increases, and this in-
creases the pressures in cylinders 96 and 98, low-
ers the pistons and rack, turns the eccentric in a
clockwise direction, and thereby raises roller 52.
and advances the time of fuel injection. A de-
crease in engine speed works in the opposite way.

‘In this way, the time of fuel injection may be ad-

vanced as the speed increases and retarded as
the speed decreases, if that is desired for any
reason. ’

When the device shown in Fig. 8 is employed
with the timing piston 70 that piston will ob-
viously move in or out until the bleed through
valve 11 balances the quantity of each intake.
However, as the eccentric 512 automatically ad-
justs the injection timing, in response to the
pressures existing in chambers 96 and 88 as pre-
viously explained, the operation of this combina-
tion tends to time injection relative to speed and
to also maintain the proper relation between in-
jection and stroke termination.

With any increase of speed at a given stroke
the charging period for chamber Tt in Fig. 1
is shortened and consequently a reduction in flow
results, thus allowing piston 10 to drift inward,
advancing injection. As previously explained, the
device shown in Fig. 8 provides the same action.
However, if the stroke should increase with an
increase of speed, which is the normal reaction,
the piston 70 would be held relatively stationary
and no timing advance would occur. Therefore,
the device shown in Fig. 8 would be the means for
controlling injection relative to engine speed,
while the piston 70 reacted only to variations in
stroke.

It will be seen that by proper selection, com-
bination and adjustment of the automatic means
described, any desired relation of the timing of
the fuel injection to the end of the compression .
stroke can be established and automatically main-
tained throughout variations in the length of
stroke and speed of operation.

I wish it understood that my invention is not
limited to any specifle construction, arrangement
or form of the parts, as it is capable of numer-



ous modiﬁcations and changes without departmg
from the spiriv of the claims.

Having thus described my 1nvent10n what 1
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 piston synchronizing means,
and a fuel injection nozzle with a fuel supply
passage thereo, mechanism operable to effect a
timed fuel charge injection through said pas-
sage to the nozzle, said mechsnism including a
control valve for said - passage and normally
standing in closed positlon and mechanical means
connecting said synchronizing means and valve
and operable by the former to momentarily move
the valve to open position when the pistons reach
a given point, and means controlled by the length
of stroke of the pistons for determining the posi-
tion of said given point for succeeding strokes.

2. In an internal colabustion engine of the
free piston type having a piston synchronizing

means and a fuel injection nozzle with a fuel.

supply passage thereto, mechanism operable to
effect a timed fuel charge injection through said
passage to the nozzle, said mechanism including
a control valve for said passage, means connect-
ing said valve and the synchronizing means and
operable to momentarily open said valve means
when the pistons reach a given position to permit
a fuel charge injection, and timing means co-
operating with said connecting means and auto-

matically operable to gradually move said given

_position towards or from the end position of the
piston as the stroke of the piston lengthens or
shortens, respectively. .

3. In an intérnal combustion engine of the free

piston type having synchronizing means for the

engine pistons and a fuel injection nozzle with
- a fuel supply passage thereto, a normally. closed
control valve for said passage, mechanical oper-
ating means for the valve connected to and actu-
ated by said synchronizing means to move the
valve to open said passage in. predetermined
timed relation to the end of the compression
strokes of the pistons for normal running and to
increase the length of the open period of the
valve when the stroke length of the pistons is
increased, and injection . timing means for said
co'mectmg means including a fluid pressure
supply controlled by said valve and which supply
is increased in volume by an increase in the open-
.Ing pericd of the valve, said timing means being
responsive to said pressure volume increase to
act on said connecting means to vary the valve
opening period to maintain a substantial constant
predetermined relation of the fuel injection oper-
ation to the piston movement when the piston
strokes are lengthened from normal. i

4. In an internal combustion engine of the free
piston type having synchronizing means for the
engine pistons and a fuel injection nozzle with a
fuel supply passage thereto, a control valve for
said nozzle, means operable to hold the valve in
closed position for a major portion of the piston
stroke movements and connected to and operable
by said synchronizing means to open the valve
at a predetermined point in a normal compres-
sion stroke of the pistons and to increase the
open period of the valve upon an increase in the
length of the piston strokes, said operating means
being adjustable to maintain g substantially con-
stant relationship of the fuel charge injection
to the termini of the compression strokes of the
pistons, and timing means including a fluid pres-
sure supply controlled by said valve and which is
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increased in volume by an increase in the open
period of ‘the -valve, said timing means being
responsive to said pressure volume increase: to
effect said adjustment to the operating means.

5. In an internal combustion engine of the free
biston type having a synchronizing means fc- the
engine pistons and a fuel injection nozzle with a
fuel supply passage thereto, a control valve for
said passage, means operable to hold the valve
in closed position during a predetermined portion
of the piston strokes and to open it to permlt
a fuel charge injection when the pistons are each
at a predetermined point in a compression stroke
near the end thereof, said operating means in-
cluding a 1ec1procably movable cam and a lever
actuated thereby to open the valve at a predeter-
mined point in a compression stroke of the
pistons and fo increase the length of the ‘open
period when the piston stroke length is increased
from normal, and timing means including a fluid
pressure supply controlled by said valve and
which is increased in volume by an increase in
the open period of the valve, said timing means
being responsive to said pressure volume increase
to etfect a relative adjustment of said lever and

~cam to maintain the fuel injection timing in -
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Predetermined relation to the ends of the com-
pression strokes of the pistons.

6. In an internal combustion engine of the
free piston type having a piston synchronizing
means and a fuel injection nozzle with a fuel
supply passage thereto, a normally closed contro]
valve for said passage, a mechanism connecting
said synchronizing means and valve and. operable
by the former to move the valve to open said
passage when the ‘pistons are in predetermlned
spaced relation to the ends of their compression
strokes, said mechamsm including a reciprocatory
cam member whose movements duplicate on a
reduced scale the piston movements and a con-
nection between said member and valve operable

by the cam to open the valve when the cam

' reaches a predetermined point in its travel, and
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means controlled by the length of the piston
stroke to determine said point.

7. In an internal combustion engine of the free
piston type having a piston synchronizing means -
and a fuel injection nozzle with a fuel supply
passage thereto, a control valve for said passage,
a mechanism connecting said synchronizing
means and valve and operable to move the valve
to open position when the pistons, during a com-
pression stroke, have reached a predetermined
relationship to such stroke ends, said mechanism
including a reciprocatory cam member simulating
the piston stroke movements and a lever connect-
ing the cam and the valve, adjustable fulcrum
means for said lever, and means automatically
operable to adjust the lever fulerum in accordance
with a change in the engine piston stroke length -
from normal whereby the valve opening timing
maintains a substantially constant predetermined
relation’ to the end of the piston compression
stroke irrespective of the length of such strokes.

8. An arrangement as called for in claim 7
wherein said fulerum adjusting means includes

-a bell-crank lever carrying the fulerum together

with a spring and an opposing fluid pressure
means to effect said adjustment.

9. In an internal combustion engine of the free
piston type having a.piston synchronizing means
and a fuel 1nJection nozzle with 4 fuel supply
passage thereto, a control valve for said passage,
a rocker member having an arcuate surface con-
centric to its rocking axis and a cam at an end
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of such surface, means for rocking sald member
in synchronized relation to the engine piston
strokes, a plunger operable by sald rocker member
during each compression stroke of the pistons to
create a fuel charge under pressure in said pas-
sage when the passage 15 closed, and means coact-
ing with said arcuate surface and cam and actu-
ated by the latter to move the valve to open said
passage when the pistons, on & compression
stroke, are in predetermined relation to the
stroke ends.

10. In an internal combustion engine of the
free piston type having piston synchronizing
means and a fuel injection nozzle with a fuel
supply passage thereto, a control valve normally
closing said passage, a rocker member having an
arcuate surface concentric to its rocking axis and
s cam at an end of such surface, means for rock-
ing said member in synchronized relation to the
engine piston strokes and varying such rocking
in accordance with any change in the length of
the piston strokes, a plunger operable by said
rocker member during each compression stroke
of the pistons to create a fuel charge under pres-

18

sure in saild passage when the passage Is closed, 88

and means coscting with said arcuate surface
and cam and actuated by the latter to move the
valve to open said passage when the pistons reach
s pretermined spacing with respect to their com-
pression stroke ends, and means operable to vary
the time of engagement of said cam coacting
means with the cam in accordance with a change
in the piston stroke length to maintain a sub-
stantially constant relationship of valve opening
to the ends of the piston compression strokes
irrespective of the length of the strokes.

11. In an internal combustion engine of the
free piston type having a piston synchronizing'
means and a fuel injection nozzle with a fuel

_supply passage thereto, a control valve for sald
passage, means connected to and actuated by said
synchronizing means to move sald valve to open
sald passage when the pistons are in predeter-
mined spaced relation to the ends of thelr com-
pression strokes, a fuel pump operable by sald
connecting means to create a fuel charge in said
passage during each compression stroke of the
piston and before the opening of sald valve, and
means yieldingly operable to forcefully eject a
fuel charge from said passage when open. .

12. In an internal combustion engine of the free
piston type having a piston synchronizing means
and a fuel injection nozzle with a fuel supply
passage thereto, a control valve for said passage,
means connected to and actuated by said syn-
chronizing means to move said valve to open said
passage in predetermined spaced relation to the
end of the piston compression stroke, a pump
plunger operable by said connecting means to
pump a fuel charge into said passage during a
compression stroke of the pistons and before an
opening of said valve, means resisting a pumping
stroke of the plunger and operable to return it
to starting position, means operable to resist the
compression of a charge in sald passage by the
pump plunger and to forcefully eject the charge
therefrom to the nozzle when sald passage 1Is
open, means forming s relief passage from sald
first passage around the valve and controlled by
said last means whereby the relief passage is
closed to the fuel passage during the compressing
of a charge in the fuel passage and its forceful
ejection therefrom and is open to the fuel pas-
sage after the ejection of a charge, said pump
plunger cooperating with sald relief passage to
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close it except when the pump plunger is at sub-
stantially the inner end of its fuel charge com-
pressing movement.

13. In an internal combustion engine having
8 free piston, & fuel injection nozzle with & fuel
passage thereto and a valve in said passage, &
member connected to and reciprocated by and
with the piston, means actuated by said member
for opening the valve and comprising automatic
means to bring said opening into predetermined
relation to the end of the compression stroke of
the piston when the length of the stroke is varied.

14. In an internal combustion engine having
a free piston, a fuel injection nozzle having a
passage for fuel to the nozzle and a valve in the
passage, & member reciprocating synchronously
with the piston, connections from said member
to the valve opening the valve when the member
resches a certain point in its travel, said connec-
tions-comprising adjusting means for opening the
valve at an earlier or ldter point in the travel of
said member, and means governed by the length
of stroke of the piston for actuating said adjust-
ing means,

15. In an internal combustion engine having
a free piston and a fuel injection nozzle with
a fuel passage thereto and a valve controlling
the passage, a member reciprocating in syn-
chronism with the piston, means controlied by
said member and opening the valve when the
member reaches a predetermined point in its
travel, and means actuated by the length of the
reciprocation of said member to automaticaily
adjust the timing of the valve opening when
the stroke of the piston is changed in length to
bring the valve opening into predetermined rela-
tion with the end of the compression stroke of
the piston.

16. In an internal combustion engine having

40 8 free piston and a fuel injection nozzle with a
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fuel passage thereto and a valve controlling the
passage, a member reciprocating in synchronism
with the piston, connections mechanically oper-
ated by said member and opening the vaive when
sald member reaches a predetermined position,
and automatic means controlled by the length of
the reciprocation of the member for adjusting
the connections to bring the point in the travel
of said member at which the valve s opened
into predetermined relation with the end of the
compression stroke of the piston when the length
of that stroke changes. -

17. In an internal combustion engine having a
free piston and a fuel injection nozzle with a fuel
passage thereto and a valve controlling the pas-
sage, a member reciprocating in sychronism with
the piston, connections mechanically operated by
said member and opening the valve when said
member reaches a predetermined position, a cyl-
inder, a piston in the cylinder under substantially
constant pressure in one direction, a passage con-
taining liguid under constant pressure and con-
nected to the cylinder to urge the piston in the
other direction, a valve in the last said passage
opening when the fuel valve is opened, & bleeder
passage constantly open from said cylinder, and
connections from the piston adjusting the con-
nections from sald member to the fuel valve to
bring the opening of the fuel valve at a later
point in the travel of sald member as the piston

" moves in response to said fluid pressure and vice

75

versa when the piston moves in response to said
substantially constant pressure.

18. In an internal combustfon engine having
a free piston, a fuel injection nozzle having a
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passage for fuel to the nozzle and a valve in the

passage, a member reciprocated by and syn-
chronously with the piston, mechanical connec-
tions actuated by said member and opening said
valve when said member reaches a certain point
in its travel, said connections comprising g lever,
and means controlled by the length of stroke of
sald member for moving the fulerum of the lever
and thereby adjusting the point in the travel of
said member where fuel injection takes place.

19. In an internal combustion engine having a

free piston and means to inject fuel, a timing

device for timing the injection of the fuel com-
" prising a member providing a cavity for fluid,
means for introducing fluid into the cavity in
increased amounts when the stroke of the piston
is lengthened and in decreased amounts when
the stroke of the piston is shortened, a contin-
uously open bleed passage from the cavity, and
means bringing the fuel injection at a later point
in the travel of the piston on its compression
stroke when fluid in the cavity is increased and
at an earlier point when the fluid in the cavity
is decreased.

20. An internal combustion engine of the free
piston type comprising piston synchronizing
medns, fuel injection means, mechanical connec-
tion from the synchronizing means to the fuel
injection means initiating the fuel injection when
the pistons approach the end of their compression
stroke, and automatic means operated by the
length of travel of the pistons after fuel injection

“starts until the compression strokes end, to
adjust sald connections and bring the start of

fuel injection later in the piston travel after a 33

long stroke and earlier after a short stroke.

21. Apparatus in accordance with claim 20 and

sald automatic means comprising a cylinder and

(=]
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means to admit fluld under pressure lnto the
cylinder from the time fuel injection starts until

‘the end of the combustion stroke is reached.

22. An internal combustion engine of the free
piston type comprising a piston synchronizing
means, & normally closed valve controlling fuel
injection, mechanical connection from the syn-
chronizing means to the valve opening the valve
in a fixed point in the travel of the pistons on
their compression stroke and closing said valve
when the pistons reach said point on their work-

- ing stroke, and timing means comprising a timing

cylinder, means admitting fluid under pressure

into the timing cylinder while said valve is open,
a constant bleed outlet from said timing cylinder,
and means operated by the fluid in the timing

cylinder adjusting said connection to move said
point towards the end of the compression stroke
when fluid in the timing cylinder increases and

“to move said point away from the end of the

compression stroke when the fluid in the timing
cylinder decreases. . _
FRANK M. LEWIS.
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