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To all whow it may concern.:

Be it known that I, Szymon Jacurmovicz,
a subject of the Emperor of Russia, résiding
at Derkeley, in the county of Alameda and
State of California, have invented new and
useful Iinprovements in Internal - Combus-
tion . Engines, of which the following is a
specification.

This invention relates to 4-cycle internal
combustion engines, the object of the inven-
tion being to provide mechanism whereby a
shaft, driven by a plurality of such engines,
an be started under a load in either direc-
tion; by which its difection of motion, when
mnnlntr in either direction, can be reversed;
and bv means of which the above mentloned
starting or reversal can be effected by merely
turning the handle of the regulating valve
which regulates the admission of gas to the
engine; alsoin which by the movement of the
same hmndle; the momentum of the moving
parts can be used to do work, for the pur-
pose of checking the motion of said parts.

In the accompanying drawings, Figure 1
ig a broken front elevation, showing four in-
ternal combustion engines to which my in-
vention is applied; Fig. 2 is a vertical sec-
tion of the same, paltIy in side elevation;
Fig. 3 is a detail side view of the valve
mechanism for said engines, showing also a

+ portion of “tlie compressed air reservoir;
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Fig. 4 is a broken top plan view of the
same; Fig. 5 is an end view of the valve-
operating handle, showing also the connec-

tign therefrom to the carbureter ; Fig. 6isa

longitudinal section, on an enlfu‘ded scale,

of' one form of the regulating v: llVP for sald‘

cngines, especially for boats, Iig, 7 is a
cross section of the same on the line 7—7 of
Fig. 6; I'ig. 8 is a cross section on the line
S—-S of "N 6; TFigs. 9, 10, 11, are views,
similar (o [*Jm 6,7, 8, of the forn of the
regnlating valve. partlcularly adapted for
use with 'uai(.muol:)iles; TFig. 12 is an enlarged

section of the starting and slide valves; Fig..

13 is a horizontal section of the same, on the
Ime 13--13 of Fig. 12, being shown in plan
view: Fig, 14 isan enlar ged side elevation,
palth ‘in section, of a pm(wn of the shaft
for uctwating the mlet valve and compressed
air valie; 1410 15 is a cross section on the

- Jine 13--13 (Jf TFig. 14, 100](1110 in the diree-

tion of the arrow; Plg. 16 18 a broken side

elev atlon of the slnft for actuating the out-
let valve; Fig. 17 is a cross bectlon on the
Iine 17—17 0 Flg 16; Fig. 18 is a broken
.dctaﬂ section of the same slnft as is shown

in Fig. 14, showing the cam thereon.for uc-

tuatmg the comprcssed air valve and the’

roller actuated thereby; Tig. 19 is a sectxon
on the line 19—19 of Fig. 18, Iig. 20 is a
diagrammatic view showi ing the periods of
opening and closing of the inlet and exhaust
valves and of . .opening and closing of the
passages for condueling air to the starting
valve; Ifig. 21 is a similar view shownm
said penods when reversing; Fig. 22 1s a
diagrammatic view of one of the engines.
Rcfem ing ta the drawings, 1 indicates the
casings of gas engines, of which there are
here shown Fowr in numbel 2 indicating the
plafom of said engines, connected by pltmen
3 to cranks 4 on the shaft 5 of the engine.
From said shaft 5 ave driven, in the usual
manner, the shafts 6 and 7, actuating the in-
let valves 8 and the exhaust valves 0 the gas
being admitted by the inlets 10 and ex-
hausted by the outlets .11, all of the above

construction being usual and for mmO' no-

part of my invention.

In my invention, the cams 12, 13, which
actuate the rollers 14, 15, and thereby .con-
trol respectively the inlet and exhaust valves,
are not fixed to the shafts 6; 7, as has been
customary heretofore, but form parts of
sleeves 21, 29, movable on said shafts Loth
]onaltudmally and circuinferentially. The
longitudinal movement of said cam sleeves
on either shaft is effected by mecans of a
plunger 16 in a cylinder 17, said plunger
being connected with a rod 18 slidable in

‘l)C‘ﬂllﬂO‘S 19, and having at suttable intervals

clutch ﬁngorq or bars 20, curved at their in-
ner edges to fit closely afr alnst said sleeves.
ANl of the cams controlling the inlet valves
of the several gas engines are thus simulta-
neously movable lonmtmhmﬂv by means of
said cvhnder 17, the power being derived
through a pipe 22 leading thereto from a
pipe 23 leading from a (-()nhnllum valve 21,
hereinafter more fully doxcnbed to which
valve 24 a pipe 25 leads from’ a reservoir. 26
of compressed air. Tnlike manfier
cawscontrolling the outlet valves of the sev-
eral gas engines are movable longitudinally

on the shaff 7, by means of a ';mnlfp cylin-

all of the -
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der and piston, said cylinder being supplied
by a pipe 27 connected with the same pipe
23~ Springs 43 resist the said longitudinal

movement of the said cam sleeves and move

them in the opposite direction.when the
compressed air 1s withdrawn from the cyl-
inders. The movement of the cam sleeves
on either shaft due to the admission of the
compressed air into the cylinder is limited
by the extent of movement of the piston of

" the cylinder 17.

15

Upon the shaft 6 is secured a fixed sleeve
30, which has a large tooth 31 and two
small teeth 82, forming with the large
tooth and with each other three recesses
33 of equal size, the outer recesses being
spaced an equal distance from the mid-
dle one. In like manner, the sleeve 21
of the cam is formed first with a large tooth
34 which extends over an angle slightly
greater than a right angle, which is again
formed with two small teeth 35, which are
spaced from each other a suitable distance,
and are of suitable size to fit into either adja-

5 cent pair of the three recesses 83, With this

arrangement, the cam can assume one of two
positiong relative to the fixed sleeve upon

. the shaft, such positions being shown in full

30

35

and dotted . lines respectively in Fig. 15.
One of these positions is given to the cam
when it is desired to run the engine in one
direction, and the other when it is required
to run it in the other direction, and said
positions are spaced from each other by an
angle slightly less than aright angle. - When

~ the cam sleeve has been moved to its limit-

40
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ing position, the large tooth of the cam.

sleeve has nevertheless not been moved past
the end of the large tooth on the collar, the
length of ejther of these teeth being greater
than the distance through which the cam
sleeve is so moved.

cient toicause-the cam itself to pass the
edge of the roller 14, so that said roller
immediately thereupon, under the action of
the spring 36, drops upon the cylindrical
portion of the cam sleeve, and thereby closes
the inlet valve. It is mecessary to malke the
width of the cam and the width of the rolier

- less than the distance through which the

55

air.

cam is moved longitudinally, in order that
when said cams are all shifted on the valve
inlet actuating shaft, all of the rollers 14
drop, and all of the inlet valves are immedi-
ately closed to prevent the escape of com-
pressed air through the gas. engine when
starting the same by means of .compressed
A very similar arrangement is pro-
vided for the exhaust, except that in this
case the collar has two notches 88 with a

" long tooth 39 between them, and the cam
" gleeve has a singe long tooth 40 adapted to

68

engage either of said notches 88. L
The axrangement of teeth, cam sleeves and

However, the distance
through which the cam sleeve moves is suffi-

1,001,505

collars upon the two valve actuating shafts
to control the reversal of the engine is im-
portant. If it is desired to reverse the direc-
tion of the engine, compressed air is by
means which will be presently described ad-
mitted to the cylinder proper and to the
two cylinders. 17 which shift all ¢ams, and
thus close all inlet and exhaust valves, so
that the engine is stopped, but is started
immediately in the opposite direction by
such compressed air. The direction in
which said engine will move when so started
is determined by the controlling valve in
the manner presently described. Assuming
however that the engine is running in the
opposite direction by means of compressed
alr 1t will result that the two cam shafts
will now also rotate in the reverse direction.
In the meantime all the cam sleeves, under
action of compressed alr admitted in cylin-
der 17, are. shifted longitudinally to the
left by clutch fingers 20. The shifting of
the cam sleeves comhpresses springs 43 which
force said sleeves back against clutch fin-
gers 20. The friction so created slows the
motion of the cam sleeves relatively to the

shaft or even stops it for a moment, which

will cause the teeth upon the-collars to ad-

vance past the teeth upon the cam sleeves.

until the large teeth of the cam-sleeves are
struck by the teeth of the collars' which
causes the cams to assume a different posi-
tion relatively to the shaft, the two positions
being shown by the full and dotted lines in
Figs. 15 and 17. '

In order to prevent the cam sleeve moving
withh the shaft and until positively com-
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pelled to, it is desirable to make the above
change with as little friction as possible on .

the cam sleeve, and so there is provided a’
convex washer 42 of hardened steel inter-,

posed between the spring 43 and the side of
the cam sleeve adjacent thereto.
also provided a spring 28. When the cam
sleeve is shifted to the left this spring en-
gages the top of the cam and retains it
while the cam shaft advances, and insures
the rotary shifting of the cam. "
From the above description it will be
seen that while the engine is running in
either direction, spring 43 presses the cam

There is-
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sleeve against the collar 30 making a posi- -
tive clutch of them. But when the engine,

is started on the motion reversed, the spring
48 forces the cam sleeve against the clutch
fingers ‘20 producing angular displacement

of said cam sleeve upon the.shaft.
- As soon as the compressed- air is. with-

drawn, the spring 43 returng the cam sleeve
to the right, but it is.possible that the ends
of the small teeth upon the cam sleeve do
not return at oncé to their proper. position
in the notches, but as- soon as the cam
strikes the edge of the roller, then said

12¢

125

short teeth upon the cam would be moved -130



- forcing the cam forward on the shaft out of
.1ts proper position,
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sufficiently to enable them to spring forward
irto the other pairof the notches.  The short
teeth ave provided {o prevent the pressure
of the rollers upon the rear side of the cam

The angle through which the shaft of the
inlet valve cams must turn in the reverse
direction before the frent edge of the long
tooth en the collar strikes the rear edge of
the long teoth on the cam sleeve is a little
less than a right angle. - It is to be observed
that in Tig. .15 the parts are shown with
the shaft in both cases in the position cor-
responding with the dead point of the pis-
ton. That i, if we first consider the parts
in the position in which the cam is shown
in full lines, before the reversing of the
shaft takes place, and then suppose the
shaft to be reversed from a left handed di-
rection of rutaticn to a right handed direc-
tion of rotation, the cam remaining station-
ary, then the shatt will be moved through
an angle a little less than 90° before the con-
nection of the cam and shaft is completed.
Then the shaft is supposed to have heen

brought back through the same angle, in

order to show the same position as before
for the. engine, and this will bring the cam
from the position shown in full lines to the
position shown in dotted lines, the shaft
being now again in the same position as be-
fore. A precisely similar mode of opéra-
tion takes place 1 regard to the cam con-
trolling the outlet valve, the main differ-
ence being that the angle through which the
shaft turns, before.its engagement with the
cam takes place, is much greater than for
the cam controlling the inlet valve, being a
littleless than threeright angles. Ineachcase
the cam assumeés symmetrical positicns on
its shaft on opposite sides of the dead poinl
of the crank shaft of the engine. It is for

~constructive reasons that it is found desir-
_able to use two small teeth for the inlel

valve controlling cam sleeve and only one
tooth for the outlet valve controlling cam
sleeve. Upon the shaft of the cam.which
controls -the inlet valves is also provided a
fixed cam 44 which controls the compressed
air slide valve.

comprises a cylindrical slide 45 attached to
a rod 46 and sliding in a cylindrical wall

'47 connected by ports 48, 49 with two cham-

hers 50, 51, said chambers surrounding said
cylindrical wall 47 and being connected re-
spectively at opposite sides with the pipes
52,.538. These pipes are used alternatively,
the cne for compressed air, and the other for
exhaust, the selection of said pipes.for com-
pressed-air or exhaust depending upon the

operation of the regulating valve herein--

after described. It is by the selective use
of ‘these pipes, the-one for compressed air

Said slide. valve is.shown |
more particularly in Figs. 12 and 13 and

of operation.

8

and the other for exhaust, that the engine
un be sturted in either direction.  Since the
cam shaft carrying the cam 44 males one
complete revolution, for two complete revo-
lutions of said engine shaft, there are four
points ‘in the complete revolution of said
cam shaft .- rresponding to the two dead
poiuts of the engine shaft. In Fig. 19 is
shown one of these four positions of the cam
shaft, that is, in which the general direction
of the cany is midway between the vertical
and herizontal. In this position corre-
spending to the dead points of the engine
shaft, the voller confrolling the movement
of- the compressed air slide valve 45, and
therefore also said valve, are in their middle
positoins, in which positions both the ports
48, 19, are cloged. If the cam shaft is moved
i the direction of the arrow shown in Fig.
19, which corvesponds with the direction of
mavement of the engine as shown by the

carrow in diagram. Fig. 20, then the roller

and the compressed air slide valve begin to
rise from their middle position and the
lower ports 48 are opened, and remain open -
undy) the com shaft has moved through sub-
staritially 99 degrees, and the slide valve has

returned to its middle position again closing -

Loth upper and lower ports.
Referring to Fig. 22, it will be seen that
the piston of the engine is moving down-

to one of those pericds cf the eycle in which
either explosion or admission takes place.
Now, when it is desired to start the engine
in either desired direction by the admission
of compressed air, it is obviously necessary
that the compressed air should be admitted
to the cylinder of the engine while the pis-
ton is moving downward, that is, in either
one of the two above-mentioned periods of
its cycle. Since then the arrangement of
the parts is such, that while the engine is
moying in the direction shown in Fig. 22,
and the cam is moving in the direction
shown in Fig. 19, the lower, ports 48 are
open, it follows that compressed air should
be admitted to the lower chamber 50, con-
nected with said lower ports 48, so that dur-
ing movement of the slide valve, compressed
air may be admitted into the engine during
one of the perieds corresponding with either

70
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ward. In a 4-cycle engine this corresponds
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explosion or admission in its regular cycle

The movement of the cam which controls:
the compressed air slide valve is arranged

120

relatively to the cam which controls the n- . -

let valve of the engine as indicated by full
lines in Figs. 15 and 19. Tn Fig. 15 it will
be seen that the cam moves in the same di-

‘rection as-in Fig. 19, and that it has just

begun to open the inlet valve, that is, admis-
sion is beginning to take place. Compressed

125

air for starting the engine must be Imitted °

during either the admission period or the ¥
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' ing the engine in the direction as shown in

10

20

.ing of the upper and lower ports controlled

. of the inlet valve of the engine and the part

it will readily be seen that the control of

40

45

50
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. of this period the crank and piston have re-

60

65

-gine arrives at its uppermost position, shown

-a period of compression, and on referring

‘gine shaft, both the inlet. and the outlet:

4

explosion period of the cycle of the engine,
and since the position of the slide valve
corresponding to the position of the cam in
Fig. 19 is one in which the lower ports.
48 are just opened or beginning to be opened,
it follows that it is to this lower port that
compressed air must be admitted for start-

Fig. 22. In this way it is determined to
which one of the pipes 52 and 53 the com-
pressed air should be admit{ed. The means.
for selectively admitting compressed air to
one or the other of thése'pipes is more par-
ticularly shown in Figs. 8 to 11, which show
the construction of the regulating valve.
Tigs. 20 and 21 are diagrammatic views:
illustrating the openings and closures of the
inlet and exhaust valves and also of the
ports. controlled by the movement of the
slide valve to admit or exhaust the com-
ressed air, and also indicating the direction
in which the compressed air is admitted and
exhausted through said ports: In these fig-
ures the larger circular diagram shows the
openings and closures of the inlet and ex-
haust valves of the engine; the smaller cir-
cular diagram shows the opening and clos-

by the slide valve. In the larger diagram,
the part 54 intersected by full radial lines
indicates the time and extent of opening

55 intersected by broken radial lines indi-
cates the time and extent of opening of the
exhaust valve of the engine. .Supposing that
the -crank shaft is rotating in the direction
indicated by the arrow in Figs. 15 and 19,

the valves will be indicated diagrammati-
cally by traveling around said diagram in
the opposite direction to the movement of
said shaft. Thus, on referring to said dia-
gram it will be seen that the inlet valve is
opened slightly before the crank of the en-

1n Fig. 22;-as the engine shaft rotates, the
inlet valve is opened wider until the engine
shaft has made one-fourth of a revolution,
and then the inlet valve begins to be con-
tracted and is c¢ompletely closed when the
crank shaft has arrived at its lowermost
position. The above is the period of ad-
mission into the gas engine. In the next
half of the revolution of the engine shaft is

to the-diagram it will be seen that the inlet
and ‘exhaust valves are closed. At the end

turned to their uppermost pisition. -At this
point explosion takes place, which forces the
iston -.‘(fownward again, and .during the
ownward movement of the piston, for
nearly one-half of the revolution of the en-

- valves remain closed, as shown by.the dia- |

1,001,595

gram, but when the engine shaft has rotated

through about four-fifths of this half of

its revolution, the outlet valve is opened,
as indicated by the part of the diagram
intersected by radial lines in Fig. 20. The
opening of the outlet valve increases in ex-
tent until it reaches its maximum, and then
remains wide open for a considerable period,
then contracting, and finally closing soan
after the crank of the engine shaft has
again passed its uppermost vertical position.

Turning to the smaller diagram in Fig.
20, which illustrates in the above described

‘period of the engine cycle, the opening and

closin
trolle

of the upper and lower ports con-
by the compressed air slide valve,

‘the inclosed spaces 56 without the ciicle in-

dicate the time and extent of opening of
the lower ports, while the inclosed spaces
57 within said ciréle indicate the time and
extent of openings of the upper 'ports.
These spaces, when intersected by full radial

lines, indicatei that the corresponding. ports

are opened for the'passage of compressed air
into the engine, and when intersected by

70
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broken lines they indicate that the air is .

exhausted from the engine through the cor-
responding ports. Thus, while the diagram -
of the outer circle iridicates the movement of

'the cams controlling the inlet and outlet

valves, the diagram of the inner circle in-
dicates the movements of the cam control-
ling the ports for the compressed air slide
valve. n examination of the .diagram
shown in Fig. 20 it will readily be seen
that for forward movement of the cam shaft
there are two periods during which com-
pressed air may be admitted through' the
lower ports for starting the engine, these
periods corresponding to the periods of the

engine cycle during which admission’ and

explosion respectively take place. Andsince
these periods are in -Fig. 20 shown as
taking place while the lower ports are
opened, 1t is necessary. that the compressed
alr should be admitted to the lower port
when it is desired to run the engine in the
direction indicated by the arrows in Fig. 20,
and exhausted through the upper ports 49
during the compresison and exhaust strokes
of the working cycle. Turning to Fig. el
which indicates the times of openings of the
inlet and exhaust valves of the engine when
running in the reverse direction, 1t will be

seen that the compressed air 'must. be ad-

mitted in this case through the upper ports
and exhausted by the lower. Therefore, in
order to start the engine in any desired di-
rection all that is necessary is to select one
of the two pipes 52, 53, leading to the upper
and lower ports respectively through which
the compressed air must be admitted, ‘the
ﬁther pipe .then being connected with -ex-
aust. -

The regulating valve 24 is shown in side
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elevab'hon 4in Fig. 3, in plan view in Fig. 4,
and illustrated in detail in Figs. 6 to 11

‘nd provides the means whereby ‘the com-

_ pressed air may be admitted, as desired,:

10

" Into either the upper ports 49 or the lower

ports 48, the other ports being then, con-

nected with exhaist. It is also used, .4s

will be hereinafter described, to control the-|

cam shafts, and starting valves, and it is
further used for converting the "engines
into pumps in order to convert the energy
of the moving parts of the vehicle or boat

~ into work in: cqmﬁressing air, for the pur-

15

20

pose of arresting the speed of said vehicle or.
ant. - It can also be used, when the engines
are employed for propelling a vehicle, to set:
air brakes for the purpose of positively ar-
resting the vehicle. This valve comprises’
a cylindrical casing 60 having a.base 61 and
outer wall 62, an 1nner wall 63 and a verti-

- cal partition 64 connecting said ‘walls 62

1

and 63, thus forming an .outer annulai
chamber 66 and inner chambers 65, 65’ and
67 separated by partitions 68 These par:
titions are only in the inner annular part
of the valve dividing it into three men-.
tioned chaimbers, 65, 65’ and 67. - It will be

..seen that in Fig. 8 there are three .of such

30

compartments, while in Fig. 11 are shown®

four such.. The reason of this-will appear

later, but at present it may be .observed
that, in either case, two of these compart-
ments, being. opposite, are. connected with

_-the two pipes 53, 52, connected respectively

35

with’ upper and lower Ports of the com-

«pressed air- slide valve. These two com-

partménts are also connected by “ports 69

. and 69’, with the interior of the inner wall

40

45

63, and within this inner wall can rotate a
rotary valve comprising a -pipe 70 which
is screwed into a sleeve 71 carrying g handle
72, having a pointer 73 which moves over
a suitable’indicating dial 74. The pipe 70
always moves rigidly with sleeve 71. The
other end of saifl pipe 70 extends into a
stufing box 75 connected with a pipe 25
leading to a compressed air reservoir 26 and

- the inner end of said pipe 70 can rotate in

50

said stuffing box.. The sleeve 71 carried by
the pipe, and also the pipe itself, are formed

- with a pussage 78 which is adapted to regis-

55

-ter with either one of the two ports 69, or

69’, leading to the interior of the inner wall
from the .two -chambers 65, 65’. Thus
when the partsare in the position shown in
Figs. 6 and 8, the compressed air can pass
from within the pipe 70 through the pas-
sages to the lower pipe 52 and at that time
the other pipe 53 is connected through the
other port 69’ and a port 79 with the pas-
sige 80 leading to exhaust. TIf the valve
were rotated.through two right angles, then
the direction of compressed air and exhaust

‘wonld be reversed.

‘with one of two opposite
‘ing through the inner wall'63, o
- -Upén comparing Figs. 7 and 8, it will be

. which is obvious.”

“pressed ‘air slide valve.

Figs

" The outer chamber 66 is not divided into

compartments and is connected by an open-
ing 82 with the Eipe’ 23 leading to the start-
ing valves of the several gas engines and
also to the cylinders for the shifting cams
on the cam .shafts. Each starting valve is

‘adjacent to thecorresponding compressed
‘air slide 45, and comprises a. valve proper

84 hiaving a stem 85 attdched to a piston 86,
moving in ‘a cylindrical ‘chamber 87, its
movement being limited by :means of a tube

.88 around its. stem, and normally pressed
"upward by a spring 89 to hold said valve to
By means of the pipe 23, com- ‘

its . seat.
pressed air 1s adapted to be a mitted into
the'chamber 87 above said piston and there-

B .

70

75

80

by. depress the.same against the ‘action of. .

said spring, thereby permitting eompressed

air to pass from the compressed air slide

valve to the cylinder of the engine, and
also to escape therefrom to said slide valve.

85

The sleeve 71 in the outer chamber 66 is

port 92 adapted to register

formed with. a
orts 93, 93’.Jead-

90

seént that the port 93 in the inner -wall -

throtigh which compressed. air-passes to the
chamber 66 and fhence to the pipe 23 is
larger than thé port 69 through said inner

-wall 'in the chamber 65, while the ports 78
-and 92 ‘are of the same width. - The object

95

of this arrangement is to insure that the X

inlet' and putlet valves of the engines are
closed before attempting to start the same
by means of compressed air, the necessity for

inlet and -outlet valves are'so closed, because
by admitting said

the rollers to -drop, so that all of the inlet

and- outlet valves are closed by the-action of -

their’ springs, and this takes place’ befare

It'is insured that said -

! compressed aii* to the
pipes 22, 27, the. cams are shifted, causing.

100

105

the compressed air is admitted to thé conf- .

that the parts are in the

which the engines are being started by com-

Let it be supposed
, osition: shown in-
.6, 7.and 8, which. is' the position 'in

110

pressed air and run.in the direction. corre- -

 sponding to the admission of compressed air
to the pipe 52. In this position of the start- -11!

115 -

ing handle, indicated by.the letter,a, com-

pressed air is being admitted to the full ex-

from the- position a to the position -5, com-

pressed -air is still being admitted to the en- '
gine to the starting valve and .also to the-

‘tent and while the handle-is being moved

120

shifting cylinders, the latter having actuated -

has been sufficiently startéd by the admission

the cams so that the inlet and outlet valyes. .~
of the engine are closed. When the engine

125 -

of compressed air, and is running by it§ own _

momentum, or, if startihg under & load, then .
by the momentum of the boat or vehicle,ths .
handle is moved up to the point 3. closing.
the lower port 69 and shutting off the com- 13

130
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~and outlet valves are now no longer -closed’

8]
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pressed air from the engine, so that the en-
gine runs only by said momentum, but the
compressed air is still admitted to the shift-
ing cylinders and starting valves, the inlet
and out’»t valves remaining closed. When
the valve has been turned so that the handle
arrives at the position indicated by the let-
ter -, then the lower port 93 is also com-
pletely closed by the sleeve 71, and no longer
15 compressed air admitted to the shifting
cylinder, and to the starting valves. When
the valve is turned still farther, so that the
handle arrives.at the position indicated by
the letter d, the lower port 93 now begins to
be connected with the passage 71’ in the

sleeve 71, which is open to exhaust by the

ports 79, 80. In this way the compressed air
which hos been supplied by the pipe 23 to
the shifting to the cylinders and to the start-
ing valves is exhausted therefrom, so that
the starting valves close and the cams re-
turn to their normal position. The inlet

but are opened by the cams as the cam shaft
rotates. This condition remains while the
valve still continues to be turned until it
arrives at the position indicayted by the let-
ter ¢, the latter indicating the position of
the handle. During this time, by means
which will be presently described, the ad-

mission of gas is regulated by the same han-

dle, the maximum amount of admission. be-
ing obtained when the valve is in its midway
position, that is, when the handle is indi-
cated by the letter 2. If the valve be turned
still farther in the same direction, then the
port 69 connecting. the exhaust with the
other pipe 53 begins to be closed by the ad-
vancing portion of sleeve 71. When it is
completely closed, which is when the handle
has arrive
to the point ¢/, a pumping action takes

place which will now be described.” Com- .
‘pressed air passes through the interior of

the pipe 70, then through the port 92, upper
port 93’ into the chamber 66. The com-
pressed air then passes by the conduit 82
leading to The compressed air pipe 23, which
leads to the starting valves and shifting cyl-
inders. . Thereby said starting valves are
opened and the shifting cylinders are again
actuated, so that the inlet and outlet yvalves
of all the gngires are again,closed. The
port 697 in Fig. 8 is closed by ‘the sleeve 71,
while the port 93’ is already in communica-
tion with port 92 for the admission of com-
pressed air to shifting cylinders and starting
valve because the said port 98’ is wider than
the port 69’. Then the engines, reciprocat-

ing under their own momentum and that of

the vehicle, begin to aét as pumps, and there-
by use the kinetic energy of their own mo-
tion and that of thie vehicle so as to rapidly
bring the vehicle to.rest. ‘This motion, more
particularly described, isras follows-and I

at the position corresponding

1,001,595 .

shall describe at uwst for the sake of clear-
ness the operation of one cylinder only:—
Assuming that the parts are moving in the
forward direction indicated in Fig. 20, and
that the inlet and outlet val¥es have been
closed and the starting valves opened. Then
in the period of the cycle during which com-
pression or-exhaustion would take place the
upper ports of the compressed air slide valve
would be opened to the pipe 53 connected

.with chamber 65’, Fig. 8. Consequently, if

the port 69’ leading to this compartment is
closed by the advancing part of sleeve 71,
which takes place when the valve-handle is
between-¢’ and  in Fig. 8, there is no out-
let from said pipe, and the air in the engine
and in pipe 53 must be compressed. The
compression of the confined air reaches its
maximum when the piston of the engine ar-
rives at its dead point, and, as will be seen
on reference to Fig. 20, immediately after
the engine has reached and passed the dead
point, the lower port 48 controlled- by the
compressed air slide valve is opened the
upper port 49 leading to pipe 53 being, al-
ready closed. On referring to Fig. 8, it will
be seen that this lower port is then connect-
ed freely with the outside through the lower
opening 69, then by the passage 71’ of the
valve, then through the opening 79 and. out
to exhaust by the passage 80. Therefore at
the beginning of this period of the engine’s
cycle, the air which has been compressed im-
mediately escapes fromn the cylinder only
without restoring any of its emergy to the
engine, but compressed air remains in the
pipe 53 and connected passages. '

As soon as the air pressuré is normal, that .
1s, as soon as the piston of the engine is mov-.

ing outward, suction takes plice, and -con-
tinues during the remaining portion of the
outward movement of the piston, thus filling
the cylinder of the engine with air. Then,
upon the third or compression period of the
engine’s cycle, the lower port 48 is again
closed and the upper port 49 opened,,sq that
compressed air remaining in pipe 53, enters
the cylinder-and opposes the movement of
the piston. - The piston again moves'inward
. the cylinder, compressing the air which

-has been inclosed in the cylinder and pipe
53, and since, in the same manner as before -

this air cannot escape, through thé' closed
port 69, increased .compression takes place.
Then in the beginning of the next suction

stroke, part of the compressed air escapes, as’
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previously described. Thisaction is repeated -

with incrpasing pressure at each repetition
until the engine stops. At that time pipe 53
is filled with compressed air which could be
utilized for backward movement of the ve-
hicle or boat, because for such backward
movment of the engine compressed air from

‘the reservoir 26 reaches.the engine through
said pipe.53. The action as above described

128
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for one eylinder is of tlic same character for
a plurality of cylinders.; But having regard

. to the fact that with -four c¢ylinders two of

10

15

them are duving most of the {ime connected
with the same pipe 53 at the same time, the
pregsares in the pipe 53 and in the cylinders
are the. same, notwithstanding the differ-
ences in the positions of the pistons. There-

fore this conneetion of two cylinders with'

pipe 53 will give a pressiire of exhausted air
in each cylinder, in case of four cylinders,
slightly different fiom the case before de-
scribed for one cylinder; but the character
of the action and the final résult remain the
same for one or for a plyrality of cylinders;
that is the vehicle would be brought to rest
ahd the pipe 53 would be filled with com-
pressed alr. In this manner the engines can

~be used as pumps to compel the moving

20

by to be quickly brought to rest.

parts of the engines and vehicle to expend
their energy in performing-work, and there-
If the
so that the

valve iz turned still Farther,

" handle meves from the position indicated by

25

the letter 07 to the letter a’, then as soon as

‘the ¥alve passes the position indicated by

the letter &/, the port 78 begins to register
with the upper port 69’ 'so that compressed
air begins to be admitted through the cen-
tral pipe of the valve to the upper port of

the slide valve. But it has already been seen

that the direction in svhich the engine is

- started by the admission of compressed air

35

40

45

depends upon which of ‘the two ports, the

upper.port 49 or the lower port 48 the com-

‘- pressed air is admitted to. It follows there-

fore that when the valve is turned through
two right angles, or nearly two right angles,
so that compressed air is admitted to the up-
per port instead of the lower, the force of
the compressed air is used to stop and then
reverse the direction of motion of the engine.

Obviously, if the engine is r_u_nnin% in the-

direction indicated in Fig. 20, then the lower

ports 48 are opened in the explosion #nd suc-

tion periods, and -the uppor ports 49 are |

opened “in_the compression and exhaust

- periods, and'if when the engine is then run-

50

55

ning forward, the lower portsare contected
to exhaust and the upper ports are connected
to. compressed air,-the compressed air, being
then admitted at the times when the piston

is moving inward into-the cylinder, will op-

posé the movement of said piston and thus
tend first to bring the engine to rest,.and
then to reverse it. It will thus bgseen that

the movement of the handle is the natural

- movement from its céntral position to bring

60

65

the engine to rest, first, by compelling the-
moving parts to expand their kinetic energy
in doing work by compressing confined air,
and-then, if the handls is moved still farther,
to positively resist.-the movement of said
-moving parts, by the force of compressed air

applied in the reverse direction tosthe pis-

“tons of the engines.

v

Thus a -continagus
movement of the handle in the same direc-'
tion first brings the engine to rest amd then
reverses it. ' ’

~The arrangement illustrated in Tigs. 6
to 8 15 more particularly adapted for the
use with ‘boats propelled by internal com-
bustion engines. In Figs. 9 to 11 is shown
a modification of the -engine particularly
adapted for use with automobiles. The dif-
ference between the two is that.in the latter
case there is provided mechanism for setting
air brakes, such mechanism being -omitted
when used -with boats. This results in a
difference in the arrangement of the valve,
in that the valve is not moved through two
right angles, or nearly so, to stop the..ve-
hicle, but only through a right angle. 95 in-

-dicates an outlet leading to a chamber 96

connected by a passage 97 with a pipe 98
leading to air brakes. The outer portion
of the shell is now formed with two wings -
99 and 99", which are disposed nearly oppo-
site to each other, and symmetrically with

'regard to the port 78. One of these wings

99 is adapted to close the port 69 and the
other 99" to close the port 69’, whiie at the
same time they dre formed with passages
100 which permit free, movement of the
fluids between the pipe 70 snd wall 63, ex:
cept where obstructed by the shell 71, . Tt
will be readily noticed that the connection
of pipes 52 and 53 is'shown in Figs. 9, 10,
and 11 directly opposite to that shown in
Figs. 6,"7, and 8, With this construction,
sypposing the parts are in the position

shown in Figs. 9 to 11, which. is the posi-

tion for starting the engine by means of
compressed - air forward in the ‘direction
shown-in" Fig. 20, and corresponds to the
position of the handle indicated by the let-

ter' g, if the lever is moved to the left .and.

reaches the point 3, then the compressed air

70
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can no.longer pass from the interior.of the .

pjiipé 70 by the ports 69 and 78 and is shut
oit,

110

and the .efigines run by their own mo- -

tmentum and the momentum of the vehicle.
However,  gas can. not be admitied “to -the

engines,” to operafé the same, because  the .
.inlet and outlet valves are still closed. This:

115

is the case because compreéssed air is still in-

.closed in_ the pipe 23 and -in the. shlft,mg
cylinder- and holds-‘the cams in their, posi-
essure of the ;“51‘20

tion at the left against the pr f

springs.. On moving thé. vdlve to the posi-
tion indicated by, the letter 4, the ‘com-
pregsed air is withdrawn from: these ¢yl

inders and "also” from the starting valves,

passing by the port 93 then into a passage:
102 extenfling -longitudinally in. the \&:leey\e\
of the valve to the inner chamber and:thers -
discharging into a’ compartment.103 Whjich

" as will be later *described - connécts. . -with"

ports 104 leadipg to exhaust, whereby the

- cams’ are restoréd to their normal position.

125
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for the prorer directior - nd,lgf-'the moyve-
ment of the engine shaiy, he inlet and out-
let valves ar~ at the proy r time opened by
the means of said cams, aund the engines
begin to work. o -
The regulation of the amount of admis-
sion of gas as will be later described can be
obtained by moving the valve from the po-
sition indicated by the letter d to the posi-
tion indicated by the letter e. At this point
the wing 997 closes the port 69’; at the same
time air is again admitted to the starting

- and shifting cylinders by reason of the open-

0

25

30

35

40

- port 69 and port 92 with port 93’.

45

50

55
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® said lever and pulls in such a direction that

_ this purpose t

ing 92 registering with a port 106 and thence

- passing to the pipe 23. Thereby the start-

ing valves are opened and the inlet and ex-
haust valves are closed. The ‘engines now
begin to operate as pumps, in the manner
already explained in the former modifica-
tion, because the passages from the upper
ports 49 are closed andﬁ'xose from the lower
ports 48 are opened, while the engine is
still running forward. Upon moving the
valve still farther into the - position indi-
cated by the letter £ in Fig. 11, the port 95

is brought into communication with the.

port 78 leading from the source of supply

‘of compiessed air, and -therebilcompressed
i

air is admitted to the pipe which leads to
the air brakes. During this time, however,
the pnumping still continues and the energy
cf the moving parts in being abstracted not
only by the brakes, but by the pumps.

Now when the vehicle has been brought to

rest, should it-be desired to start in the same
direction as before, the valve is moved back

to the position indicated by the letter a, but.

shonld it he desired to start in the reverse
directien the valve is moved into the posi-
tion indicated by the letter a’. In the last
position port 78 is in communication Wi}t1h
The
position of the parts and the operations re-
sulting ' from the movement of said parts
are precisely the same for the backward
movement as for the forward movement,
and the handle assumes.a symmetrical posi-
tion for the same operations in the two di-
rections of movement. The forward move-
ment is regulated by turning the handle
through one-quarter of a revolution, and the

backward ‘movement by turning if through -

another quarter of 4 revolution. . .~
. In Figs. '4 and 5 is illustrated the arrange-
ment for controlling the admission of the
carbureted gas by the movement of the same
handle 'is'rhié? controls the starting and stop-
ping of the engines and vehicle or-boat.” For

purpo! here is secured upon the inner
end of the pipe 70 crank arm 110 connect-
ed by 4 link 111 with the carbureter lever
112, the connection being by means of a
pin 113 upon said lever entering a slot:114
m _said link. A spring 115 is attached to

-¢ to the position indicated by ¢’
handle be now turned still farther in the

1,001,505

when the handle is moved from the position
indicated by the letter d to the position indi-
cated by the letter ¢, the pin of the lever keeps
its place in the end of the, slot of the linxljt,
but when the pointer of the lever arrives at’
the stop 116, so that the lever can be turned
no farther, then the handle can be turned:
still farther from the position indicated by
If the

same direction, the pin will then, as” be-
fore, take its {)Iace at the end of the slot,
being now pulled upward by the link as it
ascends with the movement of the crank.
It will thus be seen that regulation of the
carbureter takes place only during the move-
ment of the handle through the angle lim-
i?((aid by the points marked ¢ and ¢ on either
side. :

It will readily be seen that, since the con--
trol of the engine is effected entirely by
means of conduits, through which a pres-
sure fluid is transmitted, this control may be
regulated from a point.at a considerable
distance from the engine, if desired. More-
over, it follows, for the same reason, that

70

75

80-

85

90

a series or plurality of such engines may be

simultaneously controlled from any desired
point. Therefore, if the invention were ap-
plied, for instance, to propel a train of cars,
all ‘of them could be controlled by a single
operator located at the head of thé train.

I claim:— | :

1. In an internal combustion engine hav-
ing inlet and outlet valves and shafts rotat-
ing in- fixed bearings, loose cams on said
shafts for controlling said ‘valves in both
directions of ‘motion of "said shafts, means
for shifting the cams longitudinally upon
the shafts, and means for shifting the cams
circumferentially upon the shafts.

2. In an internal combustion engine hav-
ing inlet and outlet valves, shafts rotating
in fixed bearings, cams loose on said shafts
for controlling said- valves, clutch .mecha-

two positions, means for shifting the cams
longitudinally on the shaft to disengage the
clutch from either locking position, means
for shifting the cams circumferentially on'the

P

00

105

110

-nism for Jocking the cams to the shafts in

115

shaft, and means for reéngaging the clutch

mechanism in the other locking position.
-8 In an internal combustion engine, the
combination of a driven shaft, a cam shaft

actuated thereby, a fixed collar on the cam 12

shaf¢, a longitudinally movable cam on said
shaft, means for shifting said cam Jongitu-
dinally, a_spring for returning said cam’
when the shifting means is withdrawn, said
collar and cam having teeth adapted to en-
gage each other in either one of two rela-
tive positions on the cam shaft, substantially
as deseribed, ,, .

4. In an internal combustion engine, -the;
combination of a driven shaft, a cam shaft

120
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operated thereby, a fixed collar on said
shaft, having a plurality of teeth, a cam
sleeve movable on said shaft, also having a
plurality of teeth adapted to engage teeth

b on the collar, means for moving said sleeve |

longitudinally on said shaft, and means for-
returning said sleeve to its normal position
In_whicli its teeth engage the teeth of the
collar, substantially as described.

5. In an internal combustion engine, the
combination of a driven shaft, a cam shaft
operated thereby, a fixed collar on said shaft, /
having a plurality of teeth, a cam sleeve
movable on said shaft, also having a plu-
15 rality of teeth adapted to engage teeth.on

the collar, means for moving said sleeve

Iongitndinally on said shaft, and means for

returning said sleeve to its normal position

in_which its teeth engage the teeth of the
20 collar, comprising a cylinder, a piston there-
in, an operative connection from said piston
 to said sleeve, and means for supplying com-
pressed air to said cylinder, substantially as
described. . :

6. In an internal combustion engine, the
combination of a driven shaft, a cam shaft
operated thereby; a fixed collar on said:shaft,
having a plurality of teeth, a cam sleeve
movable on said shaft, also having a plu-
80 rality of teeth adapted to engage teeth on

the collar, means for i

10

25

moving said sleeve lon-
gitudinally on said shaft, means for return-
Ing said sleeve to its normal position in
which its teeth engage the teeth of the col-
85 lar, and means for resisting the circumfer-
ential movement of the cam when the teeth
~ are out of engagement; substantially as de--
scribed. B -
7. In an internal combustion engine, the
40 combination of a driven shaft; cam shafts.
for the inlet and-outlet valves, fixed collars
thereon, sleeves on said shafts, said sleeves
and collars, beéing adapted to engage each
other in two relative positions -of the cam -
45 sleeve, springs for pressing said sleeves and
collars together, means for moving on each
shaft & plurality of such cam sleeves, com:
prising ‘a cylinder, a piston ‘reciprocating
. therein, a bar attached to said piston, fin-
50 gers attached to said bar and engaging said.
" “'sleeves, -springg for resisting the movement-
‘ofsaid sleeves, and means %or admitting
- pressure fluid to said cylinder to move ggig
- . pistons, sybstantially as described. ’
65 _8.:In an internal combustion' engine, the
' combination of a driven shaft, cam shaftg
for the inlet.and’ cutlet valves, fixed'€ollars
- thereon, ‘sleeves on-said"shafts; said sfeeves.
- --and_collarg being adapted“-to-.enfa%?, each’
99 other in-tWo . relative positions of the cam

-+ sleeve, springs for pressing said sleeves a,nd
~ ~.collars to?!ﬁi:r,_ ‘means for.mnqving on each
. shaft a pumlllltﬁ of such: canr’ aleeves, com-
. prising a cylinder, & g ton . recipgoéating
8 therein, a bar attacfmdt'es&idpistm, fingers.

-energy of the

.and"al§6 to control the admission of gas to

o

_attached to said bar and engaging said

sleeves, means for resisting the circumferen-.
tial movement of each cam when disen-
ﬁaged, and. means for admitting a pressure

uid to said cylinder.to ~nove said pistons, 70’
substantially as described. :

9. In-an &ternal ¢ombustion. engine hay-
ing inlet and outlet valves, a starting valve,
mhechanism (’}It?érspb_le by compressed air, for
simultaneously opening said starting valve 75
and closing the inlet and outlet valves, and
means for supplying compressed air to said
mechanism, and to theé-engine through said
starting valve, substantially as described.

10. In an internal combustion engine-hav- go

(ing inlet and outlet valves, & starting valve,

mechanism operable by-compressed air, for
simultaneously opening said starting valve
and -closing the inlet and -outlet valves, .
means for supplying compressed air to the g5
engine through said starting valve and to -
sald mechanism, ahd means for controlling
the time of admissioh of said compressed air
corresponding to the period desired of the ,
cycle of the engine, substantially. as de- 9o
scribed. - - o
11. In an intérnalcombustion engine, the -
combinationi of a starting valve, means for
simultaneously ‘closing the inlet and outlet
valves of the engine and opening said start- 95
ing valve, means for passing compressed air
to and from ‘the engine through said start-
ing valve, means for selecting the period of
the engine’s’ cycle during which the com:

‘pressed air is admitted and exhausted; a 100.
“valve for controlling the latter means, and

means for operating said valve:to cause the
engines to act as pumps to absorb the kinetic
, moving parts, substantially as

described. . . 7 Sy Y105

12. In an internal combistion engine, the . ‘
combination of the engine proper, a source’f
supply ‘of compressed air, a valve, a hanale
for turning said-valve,means for shifting the
cams on the shafts of the engine by means 110
of-compressed air, said valve being arranged
to-'oon’gol the shifting of said cams also to .
admit compressed air into the engine to'start
the same, also to.convert all cylinders of the
engines ‘proper into pumps to absorb the 115
kinetic energy thereof, by the movement. of
the same handle, sybstantially as described.

- 13, In an internal combustion engine, the

‘combination of the engine ‘proper, a-source
of supply.of cpmpfe.ssedj alr, -a’ valve, "a 120-
handle for turning ‘said valve,- means for - -
shifting the cams on the shafts of the engine

-by means of gompressed air, said Yalve being .

arranged to contrel the shifting of sgid cams:.

Mo to, - Imit compressed air into the engine 126 .

‘td"start the same, also, tp convert the engines!5

-into ;piumps to ‘absorb ‘the kinetic enegfy.‘

theredf by the movement of the same handle,

the engine, substantislly as described.- » 180
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14. Tn an internal combustion engine, the
combination of the engine proper, a source
of ~supply of compressed air, a valve, a
handle for turning said valve, means for
shifting the cams on the shafts of the engine
hy means of compressed air, air brakes, said
valve being arranged to control the shifting
of $aid cams, also to admiit compressed air
into the engine to start the same, also to con-
vert the engines into pumps.to absorb the
kinetic energy thereof and also to set said
air brakes, by the movement of the same
handle, substantially as described.

15, In an internal combustion engine, the
combination of the engine proper, a souree
of supply of compressed air, a valve, a
handle for turning said. valve, means

10

15

for
shifting the cams on the cam shaft of the
engine by means of compressed air, and air
brakes, said valve being arranged to control
the shifting of said cams, also to admit com-
pressed air into the engine to start the same,
and also to set said air brakes, by the move-
ment: of the same handle, substantially ‘as
described. .

16. In an.internal combustion engine; the
combination of the engine proper, a source
of supply of compressed air, a valve, a
handle for turning said valve, means for
shifting the cams on the cam'shaft of the
engine by means of compressed air, and air
brakes. said valve being arranged to control
the shifting of said i

20

30

cams, opening a starting

valve also to admit compressed air into the
engine to start the same, and also to set said
“air brakes, by the movement of the same
handle, substantially as described.

17. In an internal
baving inlet and’ outlet valves and cam
shafts for operating them, an independent
starting valve, a compressed air supply,
mechanism operated by compressed air to
shift the cams upon their shafts for closing
the inlet and outlet valves, and mechanism
independent. of said shifting mechanism and
operated by compressed ‘air for: simulta-
neously -opening the starting valve and for
keeping it open. . '

18. In an internal
60 ing inlet and outlet valves and a starting

'valve, mechanism operable ‘by compressed
_air for closing the inlet and outlet valves,
independent mechanism operated by com-
pressed air for. simultaneously opening the

starting valve and holding it  open, means
for supplying"compres_sed air to and ' ex-
hausting it from the engine through the
starting valve, and - yéans - for controlling

- the times of admission to and exhaust. from

~ 60 the engine of said compresseq air. -

35
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‘éombinatior of the engine ¢

fipply o compressed QT
¥V ,I;&}and:le'for.‘turnmg said ]
 shifting the cams upon the cam shafts of

‘of the engine proper, a source
a

combustion engine-

combustion engine hav-

-19.. Th an internal combustion engine, the

regulating .
valvé, means |

"and said fixed members

reciprocating therein,

gaging ggild

 cirenmferentin’
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the engine by means of compressed air, &
starting valve, and air-brakes; said regu-
lating valve being arranged to control the
shifting of said cams, to open the starting
valve o as Lo admit compressed air into the
engine to start the same, and to set said air-
brakes, by the movement of the same handle.

90. In an internal combustion engine, the
combination of a driven shaft, a cam shaft
actuated thereby, a fixed member on said
shaft, a cam movable on said shaft, said cam
and said fixed member adapted to engage
each other, means for moving said cam lon-
gitudinally on said shaft, and means for re-
turning said cam to its normal position in
engagement with said fixed member,

91. Tn an internal combustion engine, the
combination of a driven shaft, a cam shaft
actuated thereby, a fixed member on the cam
shaft, a longitudinally movible cam on said
shaft, means for shifting gaid cam, longitu-
dinally, a spring for returning said cam
when the shifting means is. withdrawn, said
cam and fixed member adapted to engage
each other in cither one of two relative po-
sitions., ’ - .

99. Tn an internal combustion engine, the
combination of a shaft, a cam shaft oper-
ated thereby, a fixed member on said shaft,
a cam movable on said shaft; said cam and
said fixed member adapted to engage each

cother in one of two relative positions, means

for moving said cam longitudinally on said
chaft to break said engagement, said means
comprising a cylinder, a piston therein, an
operative connection from said piston to
said cam, and means for supplying com-
pressed air to said cylinder.: :

93. In an internal combustion engine, the
combination of a driven shaft, a cam shaft
opérated thereby, a fixed member on_ said
shaft, a cam movable on said shaft, said.cam
and fixed member adapted to engage each
other in one of two relative positions, means
for making this engagement secure, and
means whereby an attendant may break said

 engagement, means for turning gaid cam

cireumferentially upon said shaft when dis-
engaged, means for shifting said cam back
on the shaft and securing a new engagement

between it and said fixed member. »
94, Tn an internal combustion engine, the
combination of a driven shaft, cam shafts
for the inlet and outlet valves,
bers thereon, cams on said shafts, said cams
_ being adapted to
engage each other in two relative positions
of the cams, springs for pressing said cams
and fixed members together, means for mov-
ing on each shaft a plurality of such cams,
said means comprising a cylinder, a piston
) a bar attached to seid
piston, fingers attached. to said bar and en-
is, means for resisting the
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disengaged, and means for admitting a pres-
sure fluid to said’ cylinder to move said
piston.

25. In a gas engine, the combination of
the engine havinhg usual inlet and exhaust
valves, a source of supply of compressed
fluid, a charge timing mechanism, a starting
valve for closing a passage between the
charge timing mechamsm and the cylinder
of the engine, and means for simultaneously

11

closing the usual inlet and exhaust valves
and opening the starting valve independ-
ently of said charge timing mechanism.

In testimony whereof I have hereunto set
iny hand in the presence of two subscribing
witnesses.

‘ . SZYMON JACHIMOVICZ.

Witnesses:

Francis M. WricHT,
D. B. Ricuarps.

Copies of this patent may be obta_hied for five cents each, by addressing the “ Commissioner of Patents,
C Washington, D. C.” ‘ '
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