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Lo all whom 1t may concern:

Be it known that we, Orno C. Durygs’
and Maoxrris C. WarTE, both citizens of the

United States res:ldmg at Los Angeles, in
the county of Lios Angeles and State of
Cahtorma have invented new and useful
Improvements in Gras-Eingines, of which the
following is a specification. -

This 1nventmn relates to-internal combus-
tion engines of the compression type, and
the main object of the invention is to pro-
vide an engine which, while adapted to op-
erate reﬂuhrly as an 1internal-combustion
engine, may be operated as a compressing

“engine to compress air or other gas to form
a supply of compressed fluid “for subse-

quently starting the engine, and which is
adapted to operate as an air or fluid pres-
sure engine In starting up, preliminary to
opers ‘Ltmg as an internal-combustion engine,
the result aimed at being to start the inter-
nal-combustion engine by power instead of
by hand, and to combine the mechanism for

producmn all these functions in a unitary
Il’leCh‘lIllSIl‘l dispensing with extraneous ma-

chines or air compressors, or the like.
Another object is to provide simple,
manual controlling elements for regulating
the mechanism to accomplish any of the
three main functions above set fmtll where-
by simply the setting of a lever in -my one

' 01 the three definite’ positions will convert

the engine 1nto any one ot thf,, three types
mentioned. .

Another object 1s to pr ovide a simple and
efficient valve mechanism cap.lble of regula-
tion to perform its duty when the engine

. operates as an internal-combustion engine,
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as a pumping engine, or as a fluid-pressure
engine.

Another object 1s to provide a novel and
efficient three-way valve- which may be set

to codperate with the engine for maintain-

ing the proper flow of compressed fluid
which is admitted to the engine when it is
acting as a pressure- {)perated engine; or
for mﬂulatmﬂ the passage of fluid which
has been (*ompreqsed by the engine when op-
erating as a pumping engine or compressor ;
or which may be placed 1n condition to per-
mit the engine to operate as an internal-
combustion ¢ engine.

Another object is to so combine the mech-
anism of the engine that it is concentrated 1n
compact form ‘and housed ‘and protected

from 1njury, but which is accessible for in-
speetion or regulation when necessary.

Other adwntawea of the i1nvention will
appear in the lf)llowuw description.

The accompanying dr awings 1llustrate the
invention, and referring thereto —

Iigure 1 is a plan view of the engine.
1M, 9 is a side elevation of the engine with
the nearest fly-wheel removed. Flgf 3 1S an
enlarged vertical, longltuthn‘ﬂ section taken
on the line w'—a3. e, 1. Tfig. 4 is an en-
larged plan view of what is shown in Fi 12, 3
with part of the cylinder shown in horizontal
section, the magneto-box in horizontal sec-
tion, and the cam- -box partially in horizon-
al swtmn I‘lﬂ 51s a sn:le elevation, show-—

FOVArnor 101* contml]mg the movement of
the operating rod. Fig. 6 is a vertical sec-

tion enlarged through “the three- -way valve

taken on lme 2%t lfw ¢ g . Tisa sec-
tional view on line a:* I‘ltr b Flo. 8 1s
another fcum of V‘“LIV(‘ mechamsm whlch

may be used m place of the form shown in-

detail in Figs, 6 and 7.

1 {l{fswnates the base upon which 1s mount-
ed a ulmdel 2, and having journals 3 in
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which 1s m{m:nted aQ crml-: shaft 4. Th(, |

crank shaft 4 is connected by a connecting
rod 5 with a piston 6 within the (*vhndu‘
On one side of the cylinder 2 is an ex-
ploston chamber 7 provided with an inlet
ralve 8 and an exhaust valve 9. The 1nlet
valve 8 has a stem 10, and 1s held against
its seat by a coll spring 11. Screwed 1n the
encdd wall of the explosion chamber is a

threaded bushing 12 having a hand- whevl-

13, and-shidable Within the bmhmn 12 18 2
%1:;1 ing-block 14 behind which 1s a coil com-
pression spring 15. ‘T'he spring-block 14 has
a recess 16 into which a pin 17 projects, the
latter extending from the bushing 12. The
spring 15 normally holds the spring-block
I+ fully extended, and under normal con-
ditions the end of the mlet valve stemy 10
rests against the spring-block 14.

In order to facilitate the starting of the
engime, the hand-wheel 13 may be tmmd to
advance the bushing and with 1t the spring-

b]ock 14 which wﬂl I1ft the inlet valve from

| 1ts seat, the spring 15 being stron%er than

the spring 11, so that some gas will eseape
while fsraltlnn the engine, which will allow
the engine to be eaqﬂy started. Tf the engine
is turned over very slowly, all of the gas
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~ Dblock during the time that the inlet valve
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will pass out through the valve, and 1f it 1s
turned over very quickly the pressure will
rise sufficiently to compress the spring 15
and shut the valve during compression, after
which it will again open. When the spring-

hlock 14 is extended, as above described, the

recess 16 permits the retraction of the spring-

rests upon 1ifs seat. As soon as the engine
has been started the hand-wheel 13 may be
turned back to relieve the valve from the

pressure of the spring 15, and 1t will then
“operate under normal condition.

An intake pipe 18 is arranged to deliver
fuel to the combustion chamber, and. has an
extension 19 forming an air inlet which

preferably extends into the interior oi the

hase 1 to muffle the sound produced by the

~air as it rushes into the pipe 19 during the

20

~wall of the explosion chamber 7, and mount-
ed in the plug 21 is an igniter 22 which may |
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of the exhaust valve stem 28.

1ntalke. | - . o
20 designates a vaporizer which may be
attached to the pipe 18. | :

A taper plug 21 18 arranged in the lupper

be of any preferred construction. The 1g-

niter 22 is operated by-a rod 23 which 1s
- pivoted to one arm of

a bell-crank lever 24,

a coill spring 25 being attached to the other

arm of the bell-crank lever 24 and to a sta-
‘tionary lug 26. The bell-crank lever 24 has

a lip 27. L _
The exhaust valve 9 has a stem 28 which 1s

slidably mounted in a guide 29 which 1is

screwed to the side wall of the explosion
chamber 7. The stem 28 carries a spring
retainer 30, and a coil spring 31 yieldingly
holds the exhanst valve 9 against 1ts seat.
An exhaust pipe 32 is connected to the ex-
plosion chamber. “A block 33 has a stem 34

monnted in a journal 35 and forms a swivel-
ouide for one end of an operating rod 36,

the end of the latter lying adjacent the end
Attached to
the other end of the operating rod 36 1s a
carrier bloclk 37 _
38 and heing mounted to slide longitudinally
or laterally in a gnide 39. One end of the
ouide 39 has a recess 40, and a spring-retain-
ing thimble 41 is arranged in the adjacent
end of the guide 39. | -

A compression spring 42 which encircles
the operating rod 86 lies partially within the

~ thimble 41 and recess 38, and serves yield-

60

inglv to press the operating rod 36 toward
the cam shaft 71. The end of the carrier-

hlock 87 is slotted and ecarries a roller 42.

The carrier-hlock 37 is provided with a rec-
tanoular slot 44 into which projects a pin 45

which is carried by a regulating lever 46

~ pivoted to a bolt 47, the regulating lever 46

65

4G being provided with a combined operat-
ing and latch handle 48. - -

The upper face of the guide 39 is provided
with three cireular recesses 49, of which in

having a cylindrical recess |

995,082

Tigs. 1 and 4, two only may be seen, the

third being obscured by the handle 48. - The

| three recesses 49 are designated S, P, R, the.

o -

initials respectively standing for “ starting ”,
“pumping ’, and “running”. The handle

48 has a vertical movement relative to the
| lever 46, being yieldingly pressed down

against the same by a spring 50, while rig.

idly attached to the handle 48 is a latch-pin

51 which is adapted to engage with either

of the recesses 49.
By lifting the handle 48 and compressing

the spring 50, the pin 51 is raised out of its
seat in a perforation; the handle may then
be swung to bring the pin 51 over another

perforation, whereupon the spring 50 ex-

pands and draws down the handle 48 and
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drops the pin 51 into the recess. The handle

48 and the regulating lever 46 may thus be

‘swung into any one of .its three positions,
and the pin 45 which lies within the slot 44
will accordingly tilt the operating rod 86

85

upon its fulerum, the swivel guide 33, the

latter swinging freely in the journal 35 to
accommodate this lateral movement ot the
operating rod 86. o S
“The guide 39 is formed of a lower member
52 which is preferably cast integral with the
base 1, and of an upper member 53 which 1s

! detachably fastened to the lower member 52

by bolts 54, thus forming a removable cover
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for the carrier-block and adjacent end of the

operating rod.

A magneto-box 55 is arranged-on the side

of the cylinder adjacent the explosion chan.-
her 7, and comprises a lower member 56
which is preferably bolted to the cylinder 2,
and an upper member 57 which may prefer-
ably be detachably fastened to the lower
member, thus forming a housing for the
magneto and its adjacent mechanism. With-
in the magneto-box 55 is a magneto 58, the

armatire of which is mounted on a shaft 49,
the shaft 59 having rigidly attached thereto-

the bell-crank lever 24, before described. -

Pinned on the operating rod 36 1s a block
60 to which is pivoted a detent 61 having
a rearwardly-extending arm 62, a coil spring
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63 bearing upon the top of the arm 62 and

serving to tilt the detent 61 upwardly. The

bleek 60 has a threaded stem 64 upon which
is screwed a sleeve 63 which has a hand-
wheel 66 and a dial 67. The face of the

jmnd-wheel 66 has several recesses 68, either
of which'is adapted to support a pin 69,

there being a pin 70 projecting up -from
the operating rod 86 against which the pim_

69 is adapted to strike. The sleeve 65 forms
a timing device and its front edge rests
against the undercut end of the arm 62, and

115
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the elevation of the detent 61 may be reg-

ulated by screwing the timing device along
the threaded stem 64, the spring 63 yield-
ingly holding the arm 62 against the edge

of the sleeve 65. The pin 69 may be set

130
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in any position desired on the timing deviee |

to t"‘“lll.:l’i% 1ts limit of mlymmvnt and when
set 1n the recess desired 16 wiil pﬂumi One
complete revolution of the timing device,
tbe pm 7() plwenlmﬂ illc- tlmmﬂ luww
Timit in

|||||

”Hm opemtuur rod 36 13 reciprocated, as
wiil be hereinafter described; as it moves
Jum md the dotent 61 striles apainst the
Iy tlting he b“ l-crank lever 21, and
14:%::1{{% the rod 23; at a cerltamn pmnt 1
the forward movement of the operating rod
36 the detent 61 rides out from ander the
shonlder 27, whereupon the spring 25 re-
acts and 1}11511&-, the rod 23 forward, which
onoerates the wm ter 29,

Mounted in the frame is a cam shaft 71
W hlf h carrles a gear 72, and meshing there-

v h 1$ 2 pinion 73 which is ]Ilf)ll’ilt&"l] on the
shatt 4, the ratio of gearing heuw
L0 Jm one.  Carried on the cam shaft 73
15 2 workine or runminge cany T4, a %tartlrl
T m and an inter nmlmlt ['mwenim'
tmwmw roller 76. By means of the reg-
winting lever 46 the operating rod 36, wilh
its earrier block 27, may be swung to bring
the rolier 43 1Into "‘.‘H}Ilﬁ.lﬂ” contact wﬂ,l
{*.lﬂlt"l the running cam T4, pumping roller
76, or stavtine cam T5.

When the operating rod :
with the eybinder, the mllv H 1S f!li{‘{‘t!’}f
in line with the Ill‘illllﬂ“‘ cam T4, as thig i1s
the position in which i parts will operate
during the greater part'of the time.  When
tie roller 43 is resting ;1;'111114 elther the

lllllll

| :‘":111"i'1l'“1i'h-r‘-' voller 70 or ‘.«H}lhi[]u EERY nst The

*
o

- springs

Cthe underent edee of [ the trip-plate 87,

startine cam 75, the u]wztttlwr rod 86 will

shand s Iiuhi’*« ont of lne with the cvlinder,
sat as ity radius Imm he swivel-guide {;1
15 a0 great, the tmnnl r poesttion of the rolle
10 with respect to either the rolled 76 or
clarting cam 76 18 amaterial. Morcover,
Hf oper atine vod 36 operates at this dﬂfjilhll

ositiom during o very small percentage of
e in the npv ration of the engine.

Y obrip-plate 87 s arranged on the upper
(IR ul '}w car 1-11 hlm L, uf The gulde 39
. to which is piv-
H‘} the end of which
Lo engage

"""'1 H

Ins-
tened to the top of the carrier-block 37 is
a tat spring D0 which bears aeainst the
nnder side of the governor-lever 89 and nor-
maliv holds the latter so that the trip ])latt*
47 will ride freely under the cnd m. the
covernor-lever 89 under normal conditions.

Pivoted to the gear 72 are curved weights
01 which are connertefl by a pair of spiral
92 and serve to draw the same to-
ward the center; in order to equalize the
moveinent of the weighis H1 they arc cmn-—
nected by links 93 to. opposite points of o

«'tu..u]' 6 oOvernor ieven
i5 sliohtly beveled and s adapted

PIDS and 107

&

am shaft 71, Fastened to the under side
of the governor-lever 589 18 a flat spring 95
which 1s so bent that 1ts free end lies over
flanges 96 which project from the weights
Ol An adjusting screw 97 passes Lhwugh
an arm 98 formed integral with the trip
finger 89 and holds the spring 95 1n the
desired posttion relatively to the governor-
fever 89, there being a retaining spring 99
which acts a oainst a milled ﬂimﬂ'e 100 on
tie dfl‘]ll“utlllﬂ serew 97 for h(}ld.mtr the lat-
ter in the position to which it may be ad-
justed.

As the gear 72 revolves, the flan 2s 96
sweep amuml under the free end of the
spring 95, By referring to IFig. 5 1t will

be noted that each flange 96 is t tapering.

When the gear 72 revolves at a certain speed,

pressure 1 1111[)..11[0{1 to the spring 95, which
results in overcoming the tension of the
spring 90 and 101)10%(,5 the governor-lever
89 so that the trip-plate will strike the end
of the governor-lever 89 and prevent the
f}lwmhnfr rod 36 from retracting.

Arranged on the side of the cylinder 2
is a valve o vlinder 101 having chambers 102,
103 and 104, the chamber 104 cormunicat-
mg with lho chamber 102 through a passage
105 which lies back of the chamber 103 and
does not communicate therewith, Both
chambers 102 and 104 communicate directly
with the chamber 103 through ports 106 and
107.  Arranged within the valve cylinder
101 is a balanced double valve 108 having
a stem 109 which projects through an ex-
tenston 110 of the eyhnder,101, the exten-
sion 110 having a slot 111 with a noteh 112,
while a pin 113 in the stem 109 projects
into the slot 111 and 1s adapted to be en-
oaoed with the noteh 112 to hold the stem
£09 and valve 108 vetracted so that the ports
are both open. A compression
spring 114 1s arranged between the rear end
of the valve 108 and the adjacent cylinder
end nd serves to push the valve 108 for-
ward and close the ports 106 and 107 when
the pin 113 1s lifted out of engagement with
the noteh 112, mrnlnunlmtln;z with the
chamber 103 is a pipe 115, which 1s con-
nected with an air tank., not shown, and 1s
mmldml with a valve 116; while commMUN1-

79
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100
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ating with the chamber 102 1s a pipe 117

‘whnh is connected with a three-way valve

118, the latter being connected by a pipe 119
with the 011)1{351011 chamber 7. Connected
in the pipe 117 1s a strainer 120 shown 1n
detail 1 g, 7.

The three-way valve 118 shown in detail
in Figs. 6 and 7 comprises a casing 121 1n
which is a taper plug 122 having a stem 123
which passes through a pailr of telescopic
cups 124 within which is a coil compression
ai:nmtr 125 serving to draw the plug 122

osely into 1ts seat. A ¢

ank 126 18 at-
 sleeve 94 which 1s loosely mounted on the | tached to the plug 122 and is provided with

120

129

130
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a handle 127 which may be constructed simi-

larly to the handle 48 before described, and

n

10

‘which may

be moved over an index-plate
1928. The index-plate 128 is provided in the

present embodiment with three circular re-

cesses 129, only two of which show 1n Iig. 2,
the other one being obscured by the handle
127. R

The casing 121 has a main chamber 130
with which the pipe 119 communicates, and

. has another chamber 131 with which the

20

pipe 117 communicates. The chambers 130
and 131 communicate with each other
through a port 132 which is normally closed

by a valve 133, there being a compression’

sprifig 184 acting against the bottom of the
valve 133 and holding it against 1ts seat.
The valve 133 has a stem 135 which lies
within a circumferential groove 136 formed

in the plug 122, the groove 136 having a cam

- face 137, so that when the plug 122 stands
in the position shown in Fig. 7, the valve

25

30

munication between the pipe 119 and the

188 is held against its seat by the spring

134 : while by turning the plug 122 the cam
face 137 will gradually depress the stem 155

~and open the valve 133.

The plug-122 has a passage 138 which
oives communication of the pipe 119 with
the chamber 130 when the handle 127 stands
at either P or S; when the handle 127 stands
in the position shown in Fig. 2 at K, com-

~ chamber 130 is cut oftf. |

35
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When the engine is operated by power de-
rived from internal combustion in the cylin-
der 2, the handle 127 is moved to R, as
shown in Fig. 2, thus shutting off communi-
cation between the pipe 119 and the chamber
130, as clearly shown in Fig. 3; the valve
108 is also held retracted, the pin 113 en-
caging in notch 112, as shown in IFig. 2, so
that the stem 109 ‘will not be acted upon by
the disk 66 the handle 48 is moved 1nto po-

sition R, so that the roller 43 codperates with
‘the running cam 74. As the piston moves

through the working stroke, the inlet valve
R and the exhaust valve 9 are both held
against their seats, and the operating rod
36 moves toward the cam shaft 71, being re-
tracted by the spring 42. Upon the return

‘stroke the running cam 74 acting upon the
yoller 43, pushes forward the operating rod

36, and the end of the operating rod strikes
against the end of the exhaust valve stem
98 and pressing the spring 31, opens the ex-
haust valve 9, thus permitting the exhaust

oas to pass out through the pipe 32 as the

. piston 6 moves toward the head-end of the

60

66

cylinder. As soon as the piston reaches this
end of its stroke the running cam 74 allows

the operating rod 36 to be retracted by its

spring 42, and the spring 31 expands and
closes the exhaust valve 9, and as the piston

moves forward it sucks in a supply of fuel

through the pipe 18, the inlet-valve 8 open-

095,062

ing automatically and remaining open until
the end of the suction stroke, and during the
return or compression stroke the inlet-valve
8 closes, and as the piston 6 moves toward
the head end of the cylinder, 1t compresses

70

the explosive fuel within the cylinder 2, the

operating rod 86 being meanwhile moved
forward by the running cam 74, and as soon

as the detent 61 strikes the lip 27 1t rock.
the shaft 59, which gives a partial rotation

of the armature of the magneto and simul-
taneously therewith rocks the bell-crank le-
ver 24 backward, expanding the spring 2o
and retracting the rod 23; and as soon as the
detent 61 rides from under the lip 27, at
which point the position of all of the parts
in Fig. 3 are shown, the spring 25 quickly
reacts and pushes forward the rod 23, thus
operating the igniter 22 and
spark in the combustion chamber which 1g-
nites the charge; thus, the igniter 1s not

operated until the armature has reached 1ts

highest speed and has produced the requisite
current ; the piston is again moved through
the working stroke, the running cam 74 per-
mitting the operating rod 36 to be retracted
by the spring 42. -

~ As before stated, the cam shaft TL re-

volves at one-half the speed of the crank--

shaft 4 and the running cam 71 is so timed
as to reciprocate the operating rod 36
through alternate long and short strokes,
oiving it a short stroke, terminating at the
point shown in Fig. 3 without commng 1n
contact with the valve stem 28, but sufli-
ciently long to allow the detent 61 to oper-
ate the igniting mechanism during the com-
pression stroke; during the exhaust stroke,
the running cam 74 advances the operating
rod 36 through a much longer stroke and
opens the exhaust valve 28 as before de-
scribeéd. * -

When the speed of the engine rises to a

certain point the weights 91 move out and
their flanges 96, as they ride under the

79

producing a

85

90
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100
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spring 95, depress the governor-lever 89 so

| that the latter will catch the trip-plate 87
and hold the operating-rod from retracting.

This action takes place when the operating
rod is-in its forward position with exhaust

full open and the exhaust valve 1s thus held

open, allowing air to be sucked into and

forced out of the cylinder one or more tinmes
until the speed of the engine has dropped

sufficiently to allow the weights 91 to spring
in to permit the spring 90 to raise the gov-
ernor-lever 89 out of engagement with the

trip-plate 87, whereupon the operating-rod

36 is then retracted by the spring 42 and re-
sumes its functions of operating the igniter
and exhaust valve at the proper intervals.
By turning the disk 66 so that the pin
69 rests against one side of the pin 70, the
detent 61 will besuspended at a relatively low
elevation which will allow it to escape from

113
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139
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the lip 27 and thus produce an early spark,
while by turning the disk 66 so that the pin
69 rests against the other side of the pin 70,

" the elevation of the detent 61 will be at a

10
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80
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higher point, and it will not therefore escape
from the lip 27 as soon, so that a late spark
may be produced; while sparks may be pro-
duced at intermediate points of the stroke
by setting the disk 66 at any point inter-
mediate of these two positions, and by vary-
mg the position of the pin 69 in the disk 66
a considerable range of regulation is af-
forded. a |

At the close of each run of the engine
1t 1s desirable to operate it as a pumping
engine or. compressor to compress air for
starting 1t for the next run, and during the
operation of the engine as a pumping engine,
the power is derived from the momentum
of the fly-wheels which gives sufficient power

for compressing an ample supply of air to

be used for starting. N
In pumping, the handle 48 is moved to
position P, over the middle recess 49, which

‘swings the operating rod 86 on its fulecrum,

the swivel-guide 33 placing the roller 43
against the pumping roller 76 so that as the
crank shaft is revolved by the momentum of
the fly-wheels, the piston 6 is reciprocated,
but the operating rod is stationary so that
neither the igniter nor exhaust valves are
operated. The handle 127 is also placed in
position P over the middle recess 129, which

while partially turning the plug 122 still |

affords, by the passage 1388, communication
of the pipe 119 with the main chamber 130,
and thus the valve 133 is yieldingly held
closed by the spring 134. The globe valve
116 1s opened, but the pin 113 is allowed
to remain in engagement with the notch 112
s0 that the valve 108 is open. As the fly-
wheels revolve by their momentum and turn
the crank-shaft, the piston as it moves away

from the cylinder head creates a suction in

the cylinder which causes the inlet-valve 8
to open, the vaporizer 20 of course being
shut off in the usual way by closing the
needle valve ¢, and air is sucked through

_.the pipes 19 and 18 int¢ the explosion cham- .

ber and thence into the cylinder, so that
npon the return stroke of the piston the air

15 ‘compressed, the valve 8 being closed and

the air which ig thus compressed in the cyl-
inder is forced through the pipe 119, through
the passage 138 into the chamber 130, which
forces open the valve 183 and passes into
the chamber 131, thence through the screen
120 and pipe 117, through the valve-cylinder
103 1nto the pipe 115, and thence into the
usual supply-tank not shown. Upon the re-
turn stroke or suction stroke of the piston
the air thus forced past the valve 133 is

- trapped thereby, and the valve 133 remains

closed during the suction stroke; upon the
compression stroke it again opens and per-

B

|

S

mits the compressed air to passtherethrough
and through the connections before de-
scribed Into” the tank, which action is re-
peated so long as the momentum of the fly-
wheels 1s maintained. |

A suttable gage, not shown, may be em-
ployed for determining when the proper
pressure has been produced in the tank. It
1s preferable to stop thé engine after pump-
ing so that the crank stands at about 90°
from dead center.

In starting up the engine to operate as
an air engine the valve 116 is opened, the

pin 113 is lifted out of engagement with the

notch 112 and the spring 114 expands and
Erﬂgses the stem 109 against the disk 66.
e handle 48 is moved into “starting”
position, which tilts the operating rod 36
upon its fulerum, the swivel-guide 83, plac-
ing the roller 43 in cobperation with the

starting cam 75. The handle 127 is also

70

70

50

85

moved into position S which turns the plug

122 so that the cam-face 137 presses down
the stem 135 and opens the valve 133, and
although the plug 122 is thus turned par-
tially, the passage 138 still allows communi-
cation between the pipe 119 and the cham-
ber 130. Compressed air from the tank
asses through the pipe 115, through the
valve-cylinder 103, through the pipe 117,
screen 120, past the valve 133, through the
port 132, through the passaﬁe 138, through
the pipe 119 into the explosion chamber,
and thence into the cylinder and pushes for-
ward the piston, and the crank shaft is thus
operated together with the cam-shaft 71.
The starting cam 75 is a double cam, as
shown, so that the operating rod 36 is ad-
vanced and opens the exhaust valve 9 dur-
g each stroke of the piston toward the
head end of the cylinder, and the compressed
air within the cylinder escapes through the
exhaust valve. During each forward move-

ment of the operating rod 86, as the disk

66 1s also moved forward, the stem 109 fol-
lows the disk, by reason of the expansion of
the spring 114, and the valve 108 is thus
automatically closed early in each return
stroke of the piston, bein
soon as the disk 66 is moved a distance equal
to that which the valve 108 must move to
close; during the remainder of this stroke
the disk 66 moves beyond the end of the
stem 109, and the valve 108 remains closed,
so that no compressed air is admitted to the
cylinder during this exhaust stroke. The
momentum of the fly-wheels reverses the
movement of the piston when the exhaust
stroke has been completed, and as soon as
the wing of the, starting-cam rides from the
roller 43, the spring 42 1mmediately retracts

‘the operating rod 86 so that the disk 66

presses against the end of the stem 109 and

opens the valve 108 early in the stroke, thus®
- admitting compressed air through the valve-

00
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fully closed as

116

130

125

139



10
15
20

25

for use in place of the three- |
scribed. In this form the pipe 117 is con-.

by-p:
by pipes 140,

103 and connections before d}??-
and - forcing the pis-
until

cylinder-
seribed, to the cylinder
ton forward, which action 1s repeated
the engine | |
tum, and at that time the valve 133 may
be shut by placing the handle 127 in posi-
tion “R”. The handle 48 is then placed
in position “R7”, whereupon as the piston

moves out it sucks in the fuel, compresses,

ionites, exhausts, and otherwise operates as

" before described, as an internal combustion

engine. | | | o
I'ig. 8 shows another form of mechanism
three-way valve de-

nected to the pipe 119, there being an ordi-
nary globe-valve 139 in the pipe 117." A
assage around the valve 139 1s provided
141, and 142, the former having

an ordinary globe-valve 143.. The pipe 141

has a check-valve 144 which will permit air
to pass from the pipe 140 into the pipe 142, |

but will prevent its passage in the reverse
direction. When the engine 1s operating as

an internal-combustion engine, globe valves |

139 and 143 are closed. When the engine is
pumping,

‘opened,and the air which is compressed in the

- 30

35

40

from the pipe 117-directly

cylinder of the engine 1s forced through pipes
119,140,141 and 142 into pipe 117, being auto-
matically trapped against passage backward

by the check-valve 144, When the engine s
being started by the compressed air, the valve

139 is opened and the compressed air flows
into pipe 119 and
thence to the engine cylinder, it being
viously immaterial whether the valve 143
is open or shut during this operation.
By using the check valve 133 or 144, 1t

is made possible to secure the starting air

~ pressure without the use of extraneous

45

pumps. - i
- What we claim is=— -~
1. A cylinder, 2 piston therein, a shaft,

mechanism. codperating with the piston for

driving said shaft, valves, cams and a lon-

oitudinally and pivotally movable bar oper-

" ated by said shaft for controlling said valves

50

37

60

fluid pressure.

and thereby causing the piston to operate by
internal combustion in said cylinder or by

9. A cylinder, a piston therein, a shaft,
mechanism cooperating with the
driving said shaft, valves, cams and a longti-
tudinally and pivotally movable bar oper-
ated by said shaft for controlling said valves

and thereby causing the piston to operate by
internal combustion in the cylinder or to
compress fluid in said cylinder.

3. A cylinder, a piston_therein, a shaft,
mechanism codperating with the piston for
driving said shaft, a series of cams on said
shaft, valves, means operated by said cams

- for controlling said valves and thereby caus-

85

ing the piston to operate by internal com-

has acquired sufficient momen-

valve 139 is closed and valve 143 1s

piston for

fa———y

ob- | rocatory operating rod for actuating the

~valve, a swivel gnide tor supporting one end
of the operating rod, a carrier block at-

by

means.

shaft cobperating with the piston,
‘means operated by the crank shait for oper-

995,062

bustion in the cylinder, or to compress fluid
in the cylinder, or to.be
pressure in the cylinder,
regulate the fluid pressure.

4. A cylinder, a piston therein, an exhaust

operated by flmd
and a valve to

70

valve for the cylinder, a valve for control-

ling the admission of fluid pressure to the

cylinder, an igniter, a crank shaft cooperat-
ing with the piston, a single means operated

valves and the igniter, and means for man-

the crank shaft for operating both said.

5

ually varying the operation of said single '

5. A cylinder, a piston therein, an exhaust

valve for. the cylinder, a valve for control-
to the

ling the admission of fluid pressure .
cylinder, an igniter, a magneto, 2 crank

ating both said valves and the igniter and

a single

80

85

magneto, and means for manually varying -

the operation of said single means. -

6. A cylinder,a piston therein, an exhaust
valve for the cylinder, a valve for control-
ling the admission of fluid pressure to the

cylinder, a check valve between-the second

valve and the cylinder, manually controlled
means for allowing fluid to pass by the
check valve toward the cylinder, a crank

shaft cooperating with the piston, and

‘means operated by the crank shaft for op-

erating the first two valves.

90

“7. A cylinder, a piston therein, a valve for-

the cylinder, a cam shaft coSperating with
the piston, cams on the cam shatt, a reclp-

valve, a swivel guide for supporting one end

100

of the operating rod. a carrier block at- o

tached to the other end of the operating rod,

‘a guide supporting the carrier block, a
intermediate the guide and carrier

Spring

block for retracting the carrier block and

105

operating rod,.and means for shifting the -

carrier block into register with any of the
cams. | | | | |

110

‘8. A cylinder, a piston therein, a valve for

‘the cylinder, a cam shaft cooperating with
the piston, cams on the cam shaft, a recip-

rocatory operating rod for actuating the

115

tached to the other end of the operating
rod, a guide supporting the carrier block,

a spring intermediate the guide and carrier

“block for retracting the carrier block and

|

operating rod, means for shifting the carrier

120

block into register with any of the cams, and

means for engaging the carrier block and pre-

venting retraction of the same when the

speed of -the cam shaft exceeds a certain
point. R SRR
9. A cylinder, a piston therein, a valve, for

the cylinder, a cam shaft codperating with
the piston, cams on the cam shaft, a recip-
rocatory operating rod intermediate the ¢cam

125

130
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shaft and valve for actuating the latter, a
swivel guide supporting one end of the oper-
ating rod, means for swinging said operat-
ing rod Into register with any of said cams,
an igniter, a magneto, mechanism for oper-
ating the igniter and magneto, and adjust-
able means on the operating rod for oper-
ating sald mechanism. ,

10. A cylinder,a piston therein, a valve for
the cylinder, a cam shaft coGperating with
the piston, cams on the cam shaft, a recip-
rocatory operating rod for actuating the
valve, a swivel guide supporting one end of
the operating rod, a carrier block attached

to the other end of the operating rod, a
guide comprising a lower member and a
detachable upper member between which the
carrier block works, and means carried by
the upper block for swinging the carrier
block laterally. -

In testimony whereof, we have hercunto
set our hands at Los Angeles, California
this 17th day of May 1905.

- OTHO C. DURYIEA.
MORRIS C. WHITE.
In presence of—
(xEOrRGE T. IHACKLEY,
IFrevErRICK S. Liyox.

Copies of this patent may be obtained for five cents each, by addressing the ‘ Commissioner of fE’atﬂnts,
Washington, D. C.”
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