F. REYNOLDS.
STARTING DEVICE FOR EXPLOSIVE ENGINES.

o % X .
= o w.& = M Wy
=g H 5 2
s ? L K =L : @Mu
= «\_u . ) 22 L.lzwﬂuuw W. : s
< ~ g Tz N
=1 oy
£ | : N,
53] L i)
~ 7 \ — N\ ) . . \uw \»V
& m ol .2 L2 B a3 Ny
— £ L LD; 2T |
3 27 2 _ > -
- 2| o ST T m @16 1 2 D5 e
b - - - 2 T S =] 9/4
< = 3 1 »
a P =\ ol 200 = R e\ U1
a A I ARTE BitiaasiERi
F ~L.
= &V \QN &N\INQ.A% / . - " M_,l_l f(
S S r v
m A %\v __“ r__l__rc.wu, ;
- . H __ } {
m_ _ «% __1 _ 7 = w.nhlu.._.:“l..l\\.\ !
< 2Z i ) T £ A ———— A
e i ;
2 2
- &r\ §$ N y
N , £ . o )
mw Np [ 2 Z : g “ _
— — - E .
- 74 N ) ﬂ
) 174 ¢ -
= Yy Sy M/@/
) 0 S A .
o g 9 & SN
1 . = ’
—~ rézy PN




F. REYNOLDS.

STARTING DEVICE FOR EXPLOSIVE ENGINES,
APPLICATION FILED NOV. 9, 1904,

11,016,522,

Patented Feb. 6, 1912,

4 SHEETS—SHEET 2.

v oA

SN

K NErs
» %{E
VRIS

;\E‘ N‘\

DN
Wi
h ~N
I m

M T T T

707 %)
- “3\§ \i - ;(
o O N
Q N[ @
b ~
| N :
! ) \L__L T o T —
IR N
) N © . RS T
WITNESSES : o i\} w VIENTOR
i s ‘ :
‘%&-&M\Q ‘ “ . & W .
I ey M| R

ATTOLNEY



F. REYNOLDS.
STARTING DEVICE FOB EXPLOSIVE ENGINER.

APPLICATION FILED NOV,

1904,

b

Patented Feb. 6, 1912.

1,016,522,

4 SHEETS—RHEET 3,

Ve

INVENTOR

SARTNARRINRANNY

LA,

22

02

b,

W
A
;255‘
RSSO

L i3




F. REYNOLDS,
STARTING DEVICE FOR EXPLOSIVE ENGINES,
APPLICATION FILED NOV. 9, 1904.

1,016,522.

Patented Feb. 6, 1912,

4 SHEETS—SHEET 4.

77 <
{
l
. } —&, Y
U8 s b XN : ]
7 e ¢ T c/q l
, !;—,E,g‘-,rgv = i '
4 e . p
a30& i
€ Y 827 z——y
Z'" iy E ’,ijﬂ
A ‘
Vs L,
Z [{ 'J”/
| | ,»«;'l"'
, id ] Y
AV i Ly P9
/L ! | ~Z
(U7 L
R ]
PEIRIN
|19} >
- (st
He! H ez
BT s
, i
| \‘I N

I
N

I/P"IT,N'ESSESE : ‘ j
SR S,

yj/&/m /A/,// Z L7777 @éifﬁfffi
| _Zf}j/(f’ : ATTORNEY.

NS
S%)
}




UNITED STATES PATENT OFFICE.
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. To all whom it may concern:

Be it known that I, Frank Revworps, of

. Syracuse, in the county of Onondaga, in the
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State of New York, have invented new and
useful Improvements in Starting Devices
for Explosive-Engines, of which the follow-
ing, taken in_connection with the accom-
panying drawings, is a full, clear, and exact
description.

This invention pertains to explosive-en-
gines and relates more particulatly to that
type of engine having a reciprocating pis-
ton, and it resides in a novel device for easily
and conveniently starting the engine and
which may be applied to an engine having
one or more cylinders, and it is designed for
both “two-cycle” and “ four-cycle” engines
having either upright cylinders or horizon-
tally opposed cylinders. .

The main object of the present invention
is to produce a starting-device which may be
readily combined with any well known' en-

- gine of the aforesaid types, and which shall

be simple and compact in construction, very
efficient in its operation and at the same time
can be easily and conveniently operated.

To this end the invention consists in the
novel arrangement. and construction of the
compenent parts of the starting-device as
hereinafter fully described and set forth in
the claims. :

In the accompanying drawings Figure 1,
is partly a plan view and partly a longi-

. tudinal section of a so-called “opposed-cyl-

inder ” explosive-engine equipped with my
improved starting device, Fig. 2 is a hori-

-zontal section taken on the dotted line

—X—X— in Fig. 1, Fig. 3 is an enlarged
detail front view of the cam-mechanism and
the rack-and-pinion mechanism which con-
trol the action of the valve-operating means

- of the starting device, Fig. 4 is a vertical sec-

tion on the line —Y—Y— in Fig. 8, Fig. 5
is an end view of a single-cylinder éngine
equipped with-my invention, Fig. 6 is partly
a side-view and partly a longitudinal section
of the latter engine, Fig. 7 is a vertical sec-

‘tion ‘on line —Z—Z— in Fig. 6, Fig. 8 is

an enlarged longitudinal section through the
crank-case of the single cylinder engine,
Fig. 9 is an enlarged detail view showing
the rod provided with the inlet-port and re-
lief-passage and the means of cscillating the
rod, Figs. 10. and. 10° are further enlarged
transverse sections of the rod taken through'
the said port and passage respectively, Fig.
11 18 = detail side view of the mutilated

usual ecarbureter

usual . valves —d—d—.

gears by which the crank-shaft is turned to
move the piston, Fig. 12 is an enlarged detail
side view of one of said gears having a por-
tion broken away, showing the yielding
tooth thereof; and Fig. 13 shows a modifica-
tion of the means for oscillating_the afore-
said rod. |

~ Referring to Figs. 1, 2, 3 and 4 of the
drawings illustrating the opposed-cylinder
engine, —A——A— represent the cylinders
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which are disposed horizontally and eut of -

line and are united by a divided case —B—
which may be supported in any suitable and
well knewn manner. Each of said cylinders
is.provided with an exterior chamber —C—
which may be formed integral therewith and
is preferably disposed atone side of the cyl-
irider. These chambers communicate with
the cylinders by mesdns of passages —a—a—
and. are provided with inlet-ports —p—s—
for admitting the explosive mixturg sup-
plied by pipes . —c—c— leading, from .the
(not necessary to be
shown), which ports are provided with the

opened by suction produced by the inward
thrusts of the pistons in the well known
manner and are closed automatically by the
usual spiral springs —e—e— —D_" de-
notes the main shaft provided with the well
known eranks —f—f— to which are con-
nected the usual rods —g—g— of the recip-
rocating pistons —E—H— disposed in the
cylinders —A—A— and —G— denotes the
usual balance - wheel secured to the said
crank-shaft. The shaft —D— is journaled
in the case —B- in the well known manner
and secured thereto adjacent to the case are
pinions —#A—}— which mesh with gears
—i—i— secured to shafts —j—j— suitably

journaled on the case and protruding at the
exterior thereof. To these shafts e

are secured cams —7%k—%k— which are ar-
ranged to alternately actuate rods —7—7
respectively to open valves —m—m— of the
exhaust-ports —n—n— disposed in the
aforesaid chambers —C—C—, which valves
are closed automatically by means of spiral
springs —o¢—o— surrounding the rods and
moving the rods in opposition to the cams

in the well known manner. —p—p— denote

the ustal electric-contacts which are secured
to any suitable parts of ‘the engine and to

—¢-—g——, Wwhich contacts bear on the usual
timers: —r—p— secured to  the shafts

—jo—sg— i the well known manner.

These valves are
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‘which are attached the primary cireuit wires -



—g—s— denote the usual electric spark-
plugs which are fastened in the cylinders, in
the present case they are secured to the
chambers —C—C— - which . conimunicate
with said cylinders, to which plugs are fas-
tened the - usual secondary-circuit = wires
— et , _

The described parts are common to all

- explosive-engines and for .that reason a
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further description of the same is unneces-
sary. I will therefore proceed -to describe
my imprdved starting-device as applied to
the two-cylinder engine shown.

—H— 1s a supplemental shaft which is
stuitably journaled on the crank-case —B—
and is oscillated for the purpose herein-
after explained. To said shaft —H-— is se-

cured a sprocket wheel —¢— which is con-

nected by the usual chain —wu— to a
sprocket-wheel —wv— secured - to another

- shaft —w— which may be supported in any

- 25

suitable manner. To the latter shaft is se-
cured a hand-lever —a»— which may be ar-
ranged-in any convenient position to be op-
erated by the person in charge of the engine.

This lever serves to oscillate the shaft

. —w— whereby like movement is imparted

30

to the aforesaid shaft —H—. To the shaft
—H— is secured a small mutilated gear
—y— which is arranged to mesh with a

‘larger mutilated gear —z— secured to the

crank-shaft —D—. The said lever is so
limited in its movement as to cause the mu-

,,,,,,

- tilated portion of the gear —y— to be pre-
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sented to the other gear —z— when the

lever is in its normal position thereby per-
mitting free and uninterrupted rotation of
the shaft —D— during the running of the

engine. When the engine is at rest and it

is desired to start the same, the lever is ac-
tuated whereby the small gear is caused to
engage the larger one. .

The engagement of the rotated gear
——y— with the gear —z— imparts motion

to the crank-shaft —D—, whereby the pis-

tons are moved. These gears are of such
relative sizes and deprived of a sufficient
number. of teeth as to cause them to be-
come automatically disengaged when one of
the pistons has reached substantially its
outermost position, so as to leave the same
in said position, said piston being the one
which was next to have been in the power-
stroke or cycle when the engine came to

rest. It will be understood that the move-

ment of the pistons is regulated by the posi-
tion the gear —z— assumes, in relation to
the gear —y-—, when the engine stops
running. ,

It is obvious that the explosive-mixture
is to be admitted into the cylinder whose
piston has been positioned. This is de-
termined by a novel arrangement of valves
and mechanism for controlling the same as

will be hereinafter fully described, By the

. 1,016,522

aforesaid automatic disengagement of the
gears —z-— and --y—, the latter is per-

mitted to be rotated in reverse direction .

when the hand-lever —»— is moved to its
normal position. : o

. The initial engaging tooth of the small
mutilated gear is formed separate from the

gear and 1s set in a socket —1— in which

1s disposed a spiral 'sprin% —2-— bearing on
the tooth, -this spring allows the tooth to
yield slightly to prevent the same from rid-
ing on a tooth of the large gear, thereby
insuring a mesh of the two gears. .=
—JI— represents .a reservoir in which is
stored explosive-mixture under compres-
sion. This compression may be effected by
any suitable and well known means. (Not
necessary to be shown.) From said reser-
voir extends a pipe —a*— which is con-
nected by a suitable valve—b*—;to branch-
pipes —c¢'—c'— which lead to the respec-
tive cylinders —A—A—. This valve is op-
erated by the aforesaid shaft —H—, as will
be hereinafter more fully described.
each of the branch-pipes —c¢*— adjacent to
the cylinders is provided a coupling or case
—d*— and through these couplings extend
rods —¢'—e'— which are permitted to be
reciprocated longitudinally and to be os-
cillated for the purpose shortly explained.
Each of these rods is provided with a port
—f*— which is arranged to register with
the pipe —c¢*— to afford communication of

-the latter with the adjacent cylinder. This

port is normally at right angles to the pipe
and constitutes an inlet-valve for supply-
ing the cylinder with the mixture. Each
rod is also provided with a longitudinal
channel or groove —¢'— which is disposed
quarter-way around the rod in relation to
the aforesaid port'and is in front of the
same, as clearly shown in Fig. 1. This
channel constitutes a relief-passage or valve
and normally faces the cylinder and com-
municates therewith. The Ilatter wvalve
serves to permit the escape of any previ-
ously admitted mixture which may have
remained in the cylinder when the engine
came to rest, and thereby relievés the pis-

ton from pressure and resultant resistance

thereto incident to moving the piston to the
beginning of its power stroke in the manner
aforesaid. This relief-passage is normally
within' the . coupling to prevent escape
of mixture from the cylinder during the
running -of the engine and of sufficient
length to extend outside of the coupling or
case ~—d*— while in communicatron with

‘the cylinder to effect the escape of the mix-

ture when .the rod ——¢'— is shifted out-
wardly. When the rod has moved  suffi-
ciently to cut off this communication, it is
given a quarter turn to cause the aforesaid
port —f'— to register with the pipe —ec—
thus admitting the explosive mixture into

In-
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the cylinder from the chamber —I—. The
rod —e'— is immediately shifted in inward
direction to close the port —f*— and thus
the admitted mixture is entrapped in the
cylinder. During the latter movement of
the rod the relief-passage is maintained out
of communicaiton with the cylinder to pre-
vent escape of the entrapped mixture, and
just previous ta the completion of this

-movement said rod is rotated to carry the

port and relief-passage to their normal
positions. C
While I have shown the valves of only one
cylinder, at the same time it will be under-
stood that those of the other cylinder are
identical both in construction and operation
except in a reverse condition and therefore
do not require illustration. ,
—h'— denotes an annularly toothed rack
which is disposed horizontally and suitably
supported on the engine, and is actuated by
a pinion —¢— secured to the aforesaid shait
—H— as clearly shown in Fig. 2. The rack
is formed at one end with a sleeve —j'—
provided with ‘a longitudinal slot. —A*—
having a notch —*— in one edge adjacent
to the outer end, in which sleeve slides a
rod —m'— provided at its inner end with a

- transverse pin —n*— movable in the slot

30

35

and adapted to engage the notch —*—.. To
the outer end of the rod —m’— is rigidly
attached one end of an arm —o>—, the oppo-
site end of which arm is disposed loosély be-
tween two collars —pi—p'— rigidly se-
cured to one of the rods —e*—. This rod

. —e*— is supported longitudinally movable

at one’end in the aforesaid coupling or case

- —d'— and at its opposite end in a sleeve

40
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—¢*— rigidly fastened to the crank-case
—B— of the engine. This latter sleeve is
provided with a longitudinal slot —r—

‘having inclined or oblique ends as indicated

at -—s'—s'—. This rod —e'— is pro-
vided with a transverse pin —#*—sliding in
the said slot —#'— and adapted to engage

the ends thereof. To the opposite end of

the aforesaid rack —A'—. is rigidly con-
nected a rod —u'— to which is rigidly fas-

. tened a sleeve —v*— provided with a longi-

50

tudinal slot —w'— having a notch —a*— In
one edge adjacent to its inner end similar
to the other sleeve —j*—. In the said sleeve

- —v*— glides the other rod —e¢*— provided

56

at its inner end with a transverse pin —a2-—

movable in the slot —w'— and adapted to

engage the notch —a*~—. This rod is sup-
ported longitudinally movable in the other

. coupling or case —d*— and -in a sleeve
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—b2— rigidly attached to the adjacent cyl-

inder —A—. This sleeve is provided with
a longitudinal slot —¢*— having inclined or
oblique ends as indicated at —d?>—d2—,

and to the rod is secured a transverse pin |

—e?— sliding in said slot and adapted to en-

gage the ends thereof. By moving the afore-

‘ted into the cylinder.

8

said hand-lever —2— from its normal po-
sition the shaft —H— is turned in one direc-

- tion whereby the pinion —i'— then causes

the rack —A!— to shift to the right.

In case the pin —n'-- is in engagement
with the notch —*— of the slotted-sleeve
-—ji—-, the rod —m'— is carried with the
rack and sleeve, whereby the arm —o'— is
caused to move the rod —e*— in like direc-
tion. This movement of the said rod causes
the outer end relief-pasage —¢*— in the rod
to extend outside of the coupling or case
—d*— which passage is in connection with
the cylinder, thereby relieving the piston
from pressure of any mixture that may have
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remained in the cylinder, and thus permit- -

ting the piston to be easily moved to the
beginning of itg power stroke in the manner
aforesaid. '
When the rod —e¢'— has been moved a
sufficient distance to close the. communica-

-tion. betwen. the passage and cylinder, the

rod is automatically turned quarter-way
around by the engagement of the pin —#'—
with the outer inclined or oblique ends —s'—
of the slot, whereby the port —f*— is caused
to register with the pipe —c¢'— and thus
the compressed explosive-mixture is admit-
By moving the said
hand-lever —a— to its normal position
the rack and connected rods are shifted in
reverse. direction, whereby the said port
—f1— is closed to entrap the mixture in the
cylinder. During the movement of the rod
—el— the pin —#'— travels in the slot
—7'— whereby the relief-passage is pre-
vented from communicating with the cylin-
der, and when the said pin engages the other
inclined or oblique end of the slot the rod is
automatically turned in reverse direction
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to move the port and passage into their nor- -

mal positions. It will be understood that in

case the said pin —n'— is disengaged from:

the notch —/'— the rack is permitted to

“inove independent of the rod —m*—. When

this pin is disengaged, the pin —a*— is in
engagement with the notch —a*— formed in
the slot —w?'— of the sleeve —v'—, thus
by reciprocating the rack as described the
other rod —e'— is moved likewise and auto-
matically oscillated to carry its inlet-port
and relief-passage into and out of communi-
cation with the other cylinder —A— It
will be observed that the mechanisms just
described .automatically control the admis-
sion-valves of the cylinders, thereby deter-
mining the cylinder whose piston is at the

_beginning of the power-stroke or cycle. The

sald .pins —n'—a’—— are caused to engage
and disengage their respective notches —*—

-@*— by the oscillation of the rack —A'—
‘which movement is effected by means of a

pinion —f*— secured to the rod —u'*—, and
a._vertically disposed rack —¢g?— engaging

said pinion. This rack is secured to a ver-
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tically reciprocating elongated plate —A*—
which is provided with a longitudinal slot
—4*— having reduced end-portions as in-
-dicated at —j*—, and is supported by a
sleeve or box —k*— projecting rigidly from
the crank-case —B— of the engine on which
sleeve one of the aforesaid cam-shafts —j—
~is" journaled. Said plate is guided in its

" movement by means of rods —{*—*— pro-

.10

15

jecting rigidly from the crank-case and ex-
tending through the end-portions —j*—j*—
of the slot —#>— as more clearly shown in
Figs. 3 and 4 of the drawings. The plate
is actuated by means of two pins —m*—m*—
projecting rigidly from its cuter face and

- arranged to be alternately engaged by the
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cam —Fk— secured to the shaft —j—. 'fo
the shaft —w— of the aforesaid hand-lever
—a— is secured an arm —n’— constituting
an electric-circuit-maker and breaker.

~ —0®—0*— denote the flexible electric-con-
tacts which are insulated apart and may be
supported in any suitable and convenient
manner, and to which are connected the pri-
mary electric-circuit wires —p*—p*— of the

usual induction-coil (not necessary to ‘be

shown).  The said arm —n*— is arranged
to press the contact —o*— against the con-
tact —o3— when the lever is in its'normal
position. When the lever is moved forward
the circuit is broken. Said movement of the

lever operates the aforesaid sprocket-wheels'

—¢— and —v— and chain —u— which actu-
ate the mutilated gears —y—2z— to advance
the pistons to the beginning of their inward
strokes, ana also causes the rack —A*— to
actuate one of the rods-—e'— to move its re-
lief-passage and inlet-port into communi-
cation with the cylinder in the manner
aforesaid. ‘

By the return movement of the hand-lever
the arm —n*— is caused to press the contact
—o0%— against the other contact .—o%—,
thereby closing the primary circuit and caus-
ing a sparking at the plug —s— in the cyl-
inder in the well known manner. It will
-of course be understood that the circuit-
closer is tiied in its movement in relation
to that of the rods —e¢'—e'— s0 as to effect

the said sparking after the rods have been

moved to close communication between the
pipes —c*—.and the adjacentcylinders. The
pipe —a'— leading from the reservoir —I—
is preferably provided with a suitable valve
—g*— operative for shutting off the mixture
to relieve the pipes from pressure when the
engine is not in use, or to permit the re-
moval or repair of the pipes when required,
and prevent leakage at the ports —f'—f*—.

In Figs. 5, 6, 7, 8 and 9 of the drawings.

illustrating a single-cylinder engine, the
cylinder —A— is disposed vertically and is
supported on the crank-case —B— in which
the crank-shaft —D-— is journaled similar
to the described two-cylinder engine. —d—

1,018,522

represents the main intake-valve and —m—
the exhaust valve. These valves are connect-
ed respectively to rods —a*—I— disposed
vertically
—b%—-b*— and extending into the crank-
case. These valves are opened alternately
by the usual cams —¢*—k— which are se-
cured to the rotary shaft —j— and are ar-
ranged to engage the lower ends of respec-
tive rods —a*—I—. These valves are closed
autematically by spiral springs —e—o— in
the well known manner. The rod —e!— in

‘this instance, which is provided with the in-

and passing through guides

70
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terport —f*— and reliéf-passage —g*— is .

disposed vertically, and is actuated by the
rack —/7*— and pinion —¢*— in the manner
hereinbefere described. To the shaft —j—
is secured a supplemental cam —e*— which
is adapted to engage the rod —I— for open-
ing the valve —m— to effect the exhaust of
the initial explosion. This shaft is adapted

to be reciprocated and is provided with the

gear —i— meshing. with a  pinion -—A—
secured to the crank-shaft —D—, and to
permit this movement, I provide the pinion
with a wide engaging face as clearly shown
in Figs. 6 and 8. Said shaft is shifted man-
ually in one direction. by means of a cam

—f*— formed on or secured to the side of
the sprccket-wheel —#— which is turned by

the hand-lever —x—, which movement. car-
ries the main cams —¢*—k— out of opera-
tive position and simultaneously carries the
supplemental ¢am —e*— into said position
as -shown in Fig. 6, said sprocket-wheel
being fastened to the shaft —H— which is
provided with a mutilated gear —y— adapt-
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ed to engage a larger gear —z— secured to -

the crank-shaft —D— as aforesaid. This
movement of the lever —x— primarily

106

causes the rod —e'— to be moved cutward -

to permit the old mixture to escape from the
cylinder through the.relief-passage or port

—g¢*—, and thence to be automatically

turhed quarter-way around by the engage-
ment of the pin —#'— with the outer in-
clined end of the slot —*—to admit the com-
pressed mixture through the port —f'— into
the cylinder. When the lever —ar— is re-
turned to its normal position, the shaft —j—
is caused to be retamed in the position into
which it has been shifted by the aforesaid
cam ~—j*—. This.return movement of the
lever imparts reverse longitudinal and ro-

tary movement to the rod —e'— and thereby’
‘closes the port —f'~— to entrap the mixtare

in the eylinder, and also actuates the cir-
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cuit-maker and breaker —n?-— which is .
timed to effect the sparking at the plug in -

the cylinder and resultant ignition of the en-
trapped mixture subsequent to the closing
of said port —f*—. The ignition drives the
piston inward in the well known manner,
whereby the shaft —D--, through the pin-
ion —A— and gear -—i— imparts rotary

125

135
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motion to the shaft —j—. To the latter
shaft is secured a cam-lug —g*— which is
arranged to engage a similar lug —A°— on
the crank-case during its rotation, by which
engagement the shaft is automatically shift-
ed to its normal position to carry the cams
—¢*— and —k— into operative position
and simultaneously carry the supplemental
cam out of said position. ; It will be under-
stood of course that the supplemental cam

is so arranged as to open the exhaust-valve |’

before the cam-lug —¢*— on the shaft en-
gages the other lug —A*— on the crank-case.

When the engine is under motion, the
main cams operate again in the usual man-
ner. The sprocket-wheel —¢— is provided
with another cam —f*— which is adapted
to engage the end of the shaft —j— when

_the cam —/*— has been moved out of con-

tact with the shaft. This cam —f*— is
employed- for imparting further movement
to the shaft and to press the opposite end
of said shaft firmly against the balance-
wheel G when the piston has completed said
movement. This engagement of the shaft
with the balance-wheel serves as a brake for

locking the crank-shaft to prevent the in--

ward movement of the piston incident to
the expansive-pressure of the initial charge
of explosive-mixture admitted into the cyl-
inder, and resultant escape of the unex-

loded-mixture through the exhaust valve.

The movement of the hand-lever —»— to
its normal position causes the cam —jf*— to

release the balance-wheel from its engage-

" ment with the shaft —j—, whereby the
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cam-lugs —g*—h*— are allowed to shift

the shaft to its normal position as aforesaid,

It will be understood that I do.not limit
myself to the aforesaid mechanism em-
ployed for oscillating the rod —e'—, inas-
much as various other means m:y be used

for this purpose. For example, two miter-

gears —g¢*—h*— may be substituted for
the rack —A'— and pinion —i'— secured
to the rod —e*— and supplemental shaft
—H— respectively. This modification is
illustrated in Fig. 13 of the drawings. - It
will be understood, that when these miter-
gears are employed, the rod —e'— receives
only oscillatory movement and therefore is
not provided with a relief-passage or valve
for the escape of old mixture which might
exist in the cylinder. In this instance the
escape of the mixture is effected by the usual
exhaust-valve —m— connected to the rod
—7—, said valve being opened by one of
the cams secured to the shaft —j— and
actuating said rod. This shaft is rotated
by the crank-shaft when the latter is turned
to move the piston by the mechanism here-
inbefore described. - It will be further un-
derstood that this cam is so timed in its ac-
tion as to allow the spring —o-— to force
the rod downward to close said exhaust-

5

valve when the piston’ reaches substantially
its outermost position. '

I claim—

1. In an engine of the class described, the
combination with the cylinder, piston and
igniter, of a manually controlled starting-
device comprising a reservoir for storing
explosive-mixture under pressure and con-

70

nected to the cylinder, a normally closed

valve operative for admitting the explosive-
mixture into the cylinder,.a mechanism for
moving the piston to a predetermined posi-
tion and including means adapted to throw
said mechanism out of connection with the
engine to allow the piston to remain at rest
in said position, means for opening said
valve at will while the piston is at rest, and
means controlled by the piston moving
mechanism for effecting the ignition of the
admitted mixture as set forth.

- 2. In an engine of the class described, the
combination with the cylinder, piston and
shaft, of a manually controlled starting-
device comprising mechanism for turning
the shaft to move the piston and including
means adapted to automatically throw said
mechanism out of operative connection with
the shaft when the piston reaches a prede-
termined position allowing the piston to re-

‘main at rest, a reservoir for storing fluid

under compression, a passage leading from
said reservoir to the eylinder and provided
with a novmally closed valve, and means

actuated by the shaft-turning mechanism

for opening said valve when said mecha-

‘nism 1s thrown out of connection with the

shaft, whereby the fluid is admitted to the
cylinder as set forth.

3. In an engine of the class described, the
combination with the cylinder, its piston.
and exhaust means, of a manually controlled
starting-device comprising a mechanism for
moving the piston to a predetermined po-
sition, a reservoir for storing fluid under
compression and connected to the cylinder,
a normally closed valve operative for ad-
mitting the fluid into. the cylinder, a brake,
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and means actuated by the aforesaid mecha- -

nism for applying sald brake to the engine
during the admission of the fluid as and for
the purpose set forth.

4. In an explosive-engine, the combina-
tion with the cylinder,. piston, igniter and

‘exhaust-means, of a manually controlled

starting-device comprising means for mov-
ing the piston to a predetermined position,

-a reservoir for storing explosive-mixture

under compression, a pipe leading from said
reservoir to the cylinder, a normally closed
valve in said pipe, a mechanism operative
for opening and closing said valve while the
piston “is in said position, a brake, means
controlled by said .valve-operating  mecha-
nism for applying the brake to the engine

‘during the operatien of said valve, and
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means controlling the aforesaid igniter as
set forth.

5. In an explosive-engine, ‘the combina-
tion. with ‘the ylinder, piston, igniter and
exhaust-means, of 5 manually  operated
starting-device comprising mechanism nor-

mally disconnected from the engine and op-.

- . erative for ‘moving the piston outward to a

". predetermined
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relief - valve
during said
a reservoir for stor-

position, a
opened: by said mechanism
movement of the piston,

ing explosive-mixture under compression, a -
from said reservoir to the cyl- |

pipe leading
inder, a valve controllinig the discharge of
mixture from the reservolr into the cylinder,
means opening the latter
to the positioning of the piston and elosing
of the relief-valve, and means controlling

‘the igniter, as set forth, :
. 6. In an explosive-engine, the combina--

tion with the cylinder, piston, electric-
sparker therein and _exhaust means, of a
starting-device comprising a mechanism for

-moving the piston.outward to a predeter-

mined ‘position,
plosive-mixture
necting with the
ting the mixture into the cylinder, mecha-
nism for operating said ‘valve; an electric-
circuit-maker and breaker controlling the
aforesaid electric sparker, manually oper-
ated -means for actuating said mechanism
and means for actuating the circuit-maker
and breaker as set forth. :

In an explosive-engine, the combina-
tion with the cylinder, its piston, electric
sparker therein, and_exhaust valve, of g
starting-device comprising’ a mechanism for
moving the piston outward to a predeter-
mined position, a reservoir for storing ex-

a reservoir for storing ex-
under compression and con-

- plosive mixture under compression and con-

necting with the cylinder, a valve control-

- ling the admission of mixture into the cyl-

45
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inder, mechanism for operating said admis-

sion_valve, an electric circuit-maker and

breaker controlling the igniter, cam-mech-.

anism for opening the exhaust valve, and a
manually operated lever for actuating said
Mechanisms and circuit-maker and breaker,
as set forth. : A
8. In an explosive-engine, the combina-
tion with the cylinder, piston, and crank-
shaft, electric sparker and exhaust means, of

a manually controlled starting-device com:-

prising inechanism operative for moving the
piston to a predetermined position and
adapted to free itself from the engine when

‘the piston reaches said position, a reservoir
“for storing explosive-mixture under com-

pression and connected to the cylinder, a
normally closed valve disposed between the

reservoir and cylinder, mechanism for open- .

ing and closing said valve, an elettric cir-

 cuit-maker and breaker “controlling the

aforesaid sparker,

valve subsequent

‘tion with the cylinder, crank-shaft,
electric-sparker, intake-valve,

cylinder, a valve for admit--

and a lever for actuating ‘

1,016,523

sald mechanisms and circuit-maker and
breaker, as set forth. L

In an explosive-engine, the combina-
tion with the cylinder, piston, electric-
sparker, intake-vaive and exhaust-valve and
main cams for automatically opening said
valves, of a manually operated starting-de-
vice comprising mechanism for. moving the
piston to a predetermined position, .a reser-
voir for storing explosive _
compression and connected to the cylinder,
a valve controlling the discharge of mixture
from the reservoir,
and closing said discharge-valve,

a- supple-

-mental cam for operating the exhaust-valve,

mechanism for moving the main cams out
of ‘operative position and ' simultaneous]

mixture under:

70

75

mechanism for opening

80

moving the supplemental cam in said post- -

tion, an electric circuit-maker and breaker
for controlling the aforesaid igniter and a
lever for actuating said mechanisms and cir-
cuit-maker and breaker, as set forth.
10. In an explosive-engine, the combina-
i piston,
exhaust-valve,
an auxiliary shaft driven by the ecrank-
shaft, main cams secured to the auxiliary
shaft for opening the said valves,
ing-device comprising mechanism for rotat-
ing the crank-shaft to move the piston to a
predetermined position, a reservoir for stor-

1ng explosive mixture under compression

and connected to the cylinder, a_discharge-
valve between the resérvoir and cylinder,
mechanism for opening and closing the
latter valve, a supplemental cam secured to

85

90

of a start- -

96

100

the aforesaid auxiliary shaft for opening the -

exhsust-valve, mechanism for shifting the
said shaft longitudinally to simultaneously
move the main cams out of operative posi-
tion and the supplemental cam into sajd po-
sition, means - automatically moving said
cam-shaft to its normal
circuit-maker and breaker controlling the
sparker,
actuating said mechanisms and circuit~
maker and breaker, as set forth. A

11. In an expldsive-engine, the combina-
tion with the cylinder, piston, crank-shaft,
igniter and exhaust-means, of a starting-de-
vice comprising a suitably supported rotary-

shaft operative Afor rotating the crank-shaft

to move the piston to a predetermined posi-
tion and normally disconnected from said
crank shaft, manually operated means for
rotating the. rotary shag:-, a reservoir for
storing explosive mixture under  compres-
sion and connected to the cylinder, a valve
controlling the discharge of mixture from
the reservoir, means actuated by the rotary
shaft for opening .and closing said dis-
charge-valve, and a manually operated elec-
tric circuit-maker and breaker controlling
the aforesaid igniter, -as set forth.

'12. In an explosive-engine, the combina-

position, an electric

and manually operated means for
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tion with the cylinder, piston, crank-shaft,
igniter, and exhaust means, of a starting-
device comprising a suitably supported ro-
tary shaft, operative for rotating the crank-

shaft to move the piston to a predetermined !

osition and comprising a pair of gears
astened to the respective shafts and nor-
mally out of mesh, a reservoir for storing
explosive mixture under compression and
connected to the eylinder, a normally closed
valve for controlling the admission of the
mixture into the cylinder, -mechanism actu-
ated by said rotary shaft for opening and
closing said valve, an electric circuit-maker
and breaker controlling the aforesaid 1g-
niter, and a manually operated lever for
rotating the latter shaft and actuating the
circuit-maker and breaker, as set forth.

13. In an explosive engine, the combina-
tion with the cylinder, piston, crank-shaft
and exhaust-means,of astarting device com-
prising a suitable rotary shaft, a pair of
mutilated gears for connecting said shafts
and normally out.of mesh, and operative
for moving. the piston outward to a pre-
determined position; a reservoir for storing

fluid under compression and connected to

the cylinder, a normally closed valve op-
erative for admitting the fluid into the eyl-
inder, a pinion fastened to said rotary shaft.
a rack engaging said pinion and opening
and closing said admission valve, and manu-
ally operated means for rotating the latter
shaft, as set forth,

"14. Tn an explosive-engine, the combina-
tion with the cylinder, piston, erank-shaft,
electric sparker, and exhaust-means, of a
starting-device comprising a suitably sup-
ported supplemental shaft, a pair of muti-
lated gears secured to the respective shafts
and normally out of mesh and operative for
moving the piston to a predetermined po-
sition, a chaln and sprocket-m_echanism for
rotating said supplemental shaft, and ac-
tuated by a hand lever, a reservoir for stor-
ing explosive mixture under compression, a
passage leading from the reservoir to the
cylinder, a normally-closed valve in said
passaze for admitting the mixture into the
cylinder and consisting of a reciprocating
rod provided with an aperture arranged to
register with thé passage, a pinion secured
to the supplemental shaft, a rack attached to
the said rod and engaging the pinion and
reciprocated thereby, and.an electric cireuit-
maker and breaker actuated by the aforesaid

lever and controlling the igniter, as set

forth. o

15. In an explosive-engine, the combina-
tion with the cylinder, piston, crank-shaft,
electric-sparker, - and exhaust-means, of .a
starting-device comprising a' suitably sup-
ported supplemental shait operative for ro-
tating the crank-shaft to move the piston
to a predetermined position and normally

7

disconnected from said crank shaft, chain
and sprocket-mechanisny for rotating said
supplemental shaft, a reservoir for storing
explosive mixture under compression. a pipe
leading from the reservoir to the cylinder, a
coupling in the pipe adjacent to the cylin-
der. a rod extending through said coupling
and provided with a normally closed inlet-
port arranged to register with the pipe, a
relief-passage extending lengthwise of the
rod and arranged to communicate with the
cvlinder during the aforesaid movement of
the piston. a rack on said rod and engaging
a pinion on the supplemental shaft to recip-
rocate the rod for opening and closing said
relief passage. means for oscillating the rod
to- open and close the inlet-port, a manually
operated lever actuating said chain and
sprocket - mechanism. and an eleetric cir-
cuit-maker and’ breaker actuated by said
lever and controlling the aforesaid sparker,
as set forth.

16. In an explosive-engine, the combina-
tion with the cylinder, piston, crank-shaft,
igniter and exhaust-means, of a starting-de-
vice comprising a supplemental-shaft, means
transmitting rotary movement from the lat-

ter shaft to the crank-shaft to move the
-piston to a predetermined position, manu-

ally operated means for rotating sald sup-
plemental shaft, a reservoir for storing ex-
plosive mixture under compression, a pipe
leading from the reservoir to the cylinder,
a coupling in said pipe adjacent to the cyl-
inder, a longitudinally movable rod extend-
ing through the coupling and provided with
a normally closed inlet-port arranged to
register with the pipe and with a longitudi-
nal relief-passage arranged to communicate
with the cylinder, a suitably supported
guide sleeve fer the rod and provided with
a longitudinal slot having inclined ends, a
pin projecting from the rod and movable in
the slot and adapted to engage the inclined
ends thereof to oscillate the rod and thereby

_open.and close.the inlet port, a pinion se-

cured to the aforesaid supplemental shaft,
an annularly tosthed rack engaging said
pinion whereby the rod is reciprocated to
opén and close the relief-passage and per-
mitted to oscillate, and a_suitably actuated
electric circuit-maker and breaker control-
ling the,aforesaid igniter, as set forth.

17. In an explosive-engine, the combina-
tion with the cylinder, piston, crank-shaft,
mixture intake-valve, exhaust-valve, igniter,

‘and auxiliary shaft, geared to the crank-

shaft and shiftable longitudinally, main

cams secured to said auxiliary shaft and op-

erative for opening said valves, of a start-
ing-device comprising a suitably journaled
supplemental shaft, a pair of mutilated
gears secured to the crank-shaft and sup-
plemental shaft respectively and operative

for moving the piston to a predetermined
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position, means for rotating éaid supple-
mental shaft, an auxiliarly cam secured to
the auxiliary shaft for opening the exhaust-

- valve, a cam actuated by the supplemental

10

16

20

25

.the auxiliary cam into said

“tion with a ' ‘
tons, igniters and suitably actuated exhaust.
valves, of a starting-device comprising

shaft and shifting the cam-shaft n.one - di-

rection to move the main cams out of op-
erative position and simultaneously move
position, another
cam operative for -automatically ~shifting
the cam-shaft in the opposite direction to

Testore the main cams to their normal posi-

tion, a reservoir for storing explosive mix-
ture under compression and connected to the
cylinder, a valve, controlling the ‘discharge

of mixture from the reservoir, mechanism’
the  aforesaid supplemental-

actuated by
shaft for operating said valve, and a suit-
ably actuated electric circuit-malker and
breaker controlling the aforesaid igniter, as
set forth. . : R
18. In an -explosive-engine,  the combina-
plurality of cylinders, their pis-

mechanism for moving the pistons t6 a pre-

determined- position and’ including - means. |

for automatically throwing said mechanism
out -of connection with the engine, a reser-

- voir for storing explosive-mixture under

30

35

- forth,

40

45

‘tion with a

compression and connected to the said cyl-
inders, normally closed valves operative for

admitting the mixture into the respective
cylinders, mechanisms for. actuating said

valves, automatic regulating means opera- |

tive for determining the valve to be opened,
and an_electric circuit-maker and . breaker
actuated by the ‘'piston-positioning mecha-
nism for' controlling said igniters as set

19.'In an explosive-engine, the combina-
plurality of opposed cylinders,
their pistons, crank-shaft, suitably actugted
exhaust-valves and electric-sparkers in the
cylinders, of a starting-device comprising a
supplemental rotary shaft, means. transmit-
ting rotary movement

" pistons to a predetermined position, manu-

&6
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ally operated mechanism for rotating said
supplemental shaft, a reservoir for storing
explosive mixture under compression, pipes
conducting the mixture from said reservoir
to the cylinders, normally ‘closed “inlet-
valves in the pipes adjacent to the respec-
tive cylinders, mechanism for independently
actuating said valves -and ‘operated by
the supplemental shaft, automatic regulat-
Ing means causing the proper valve to be ac-
tuated, and a suitably actuated electric™ cir-
cuit maker and breaker controlling the
aforesaid sparkers, as set forth. ‘

20. In an explosive-engine, the combina-
tion with a plurality of opposed cylinders,

their pistons, crank-shaft, electric-sparkers

and suitably‘ actuated. exhaust-valves, of a

‘spective’ shafts and
the pistons to substantially their outermost

from the latter shaft |
to the crank shaft for moving one of the .
“forth.

_tion with' two

shafts and

1,016,520
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| starting-device éomprlsing‘ 4 supplemental
| rotary shaft, mutilated

gears secured to the
respective shafts and operative: for moving
the pistons so as to set g piston in a pre-
determined position, manually operated

-mechanism_imparting oscillatory movement

to said supplementa] shaft; a reservoir for

storing explosive mixture under compres-

sion and connected to said ¢ylinders, nor-
mally closed valves adjacent to the respec-

70

75

tive cylinders for controlling the admission

of mixture thereinto, mechanism ‘actuated
by said supplemental :
closing said . admission-valves, automatic -

shaft for opening and

means regulating the action of said mecha-

‘nism whereby said valves are rendered inde--

pendently operative to cause the proper cyl-
inder to be charged with said mixture, and
a suitably actuated electric circuit-maker

and breaker controlling the said sparkers, as

set forth. :

80

85

21: In an’ explosive-engihe, ‘the combina- ‘

tion with two opposed cylinders, their pis-
tons, crank-shaft,
suitably actuated exhaust-valves, of a start-
ing-device comprising a supplemental shaft,
a pair of mutilated gears secured to the re-
: ‘operative for moving

positions, -chain and sprocket - mechanism

imparting oscillatory mévement to said sup- -

plemental shaft, a manually operated lever
for actuating. said mechanism, a . reservoir
for storing explosive. mixture under com-
pression and connected to the cylinders, nor-
mally closed valves adjacent to the respec-
tive cylinders for controlling the admission
of mixture thereinto, a rack connected to
said valves for actuating the same, a pinion

‘secured to the supplemental shaft and en-

gaging said rack, means controlled by the
engine and acting upon the rack and valve
connections to render the valves independ-
ently operable to cause the proper cylinder
to be charged, and an electric circuit-maker
and breaker actuated by the aforesaid lever
and  contrélking “the  said sparkers, as set

electric-sparkers,. -and -
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29. In an explosive-engine, the combina-

» ‘oppesed cylinders, their pis-
tons, crank-shaft, electric-sparkers, exhaust-
valves, and cam-shafts actuating said valves,
of a starting-device comprising a suitably
supported oscillatory - supplemental shaft,
mutilated gears secured to the _respective
operative for moving the pistons
5)redet_;ermined positions, manu-

outward to 1018, 1
mechanism for oscillating said

ally.operate

~shaft, a reservoir for storing explosive mix-
-ture under

compression and connected to
said’ cylinders, normally closed valves for
admitting the mixture into the respective
cylinders, a rack connected to said valves, a

pinion secured to the supplemental shaft and

engaging said-rack, and means operated by
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the aforesaid cam-shafts for regulating the
action of said rack to.cause the same to open |

~ and close the proper admission-valves, and

10
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2 suitablK actuated electric . circuit-maker
and breake

niter, as set forth. , :

23, In an’explbsi_ve-enginé,i the combina-
tion with two opposed cylinders, their pis-

tons, crank-shaft, electric-sparkers, intake

and exhaust-valves and cam-shafts actuating |
“said valves, of a starting-device comprising
- a supplemental shaft connected by mutilated
gears to the crank-shaft and operative for,

moving said pistons to predetermined posi-
tions, a reservoir for storing explosive mix-
ture under compression, pipes . conducting

the mixture to said cylinders, a coupling in:
. each pipe adjacent to:the respective cylin-.

ders, longitudinally movable rods extendit;g
through said couplings and each: provid

-with an inlet valve, consisting of a port ar-
*  ranged to register with the pipes and with
"4 longitudinal relief passage arranged to

- communicate with the cylinder, %mde-sleeve?
ongitudinal

for said rods and provided with.

 slots having inclined ends, pins projecting

30

from the rods and movable In the slots and-

adapted to engage the inclined ends thereof,

to allow the rods to be reciprocated to open
-and ‘close the relief-passages and oscillated

to open and close the intake-ports, anan-

‘nularly toothed rack provided at one end

" with a sleeve, a gear axially in line with and.

35-

40

rigidly connected to the rack and provided
with a sleeve extending in opposite direc-
tion to that of the rack sleeve, a rack en-
gaging ‘said gear, means operated by one

‘of the aforesaid cam-shafts for actuating.
the latter rack to impart oscillatory move-

ment to the annularly toothed rack, longi-

- tudinal slots provided in the sleeves of the

45
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rack and-gear and each slot formed at one

end with a notch, supplemental rods sliding.

in said sleeves and rigidly connected to_the
valve-rods and provided with pins traveling
in said slots, said pins*tpermitting free lon-
gitudinal movement of the gear and con-
nected rack and adapted to engage the
notches to impart reciprocatory movement to
the valve rods, s pinion secured to the afore-
said supplemental shaft and imparting re-
ciprocatory movement to the annularly
toothed rack, mechanism oscillating the lat-
ter shaft, a hand-lever for operating said
mechanism, and an electric circuit-maker
and breaker actuated by the said dever and
controlling the aforesaid sparkers, as”set
forth. : L B T
94. In an explosive engine, the combina-
tion with a cylinder, piston, crank shaft and

automatic igniting devices, of a starting de- |-

vice comprising a suitably supported supple-

r controlling the aforesaidig--

troll

O

mental shaft, 2 pair of mutilated gears se-
cured to the respective shafts and normally
out of mesh, mechanism including a hand-
lever for turning the supplemental shaft to

move the piston fo a predetermined position,’

and a separate ignition device controlled at

‘will independently of the first named igni-

tion device by the operation of the lever as
set forth. = - .

95. In an explosive-engine, the combina-
tion with the cylinder, piston and crank-
shaft, of a starting-device comprising a sup-

‘plemental shaft, a mutilated gear secured
‘to the crank-shaft, a smaller mutilated gear

secured to. the supplemental shaft and ar-

ranged to mesh with the first mutilated gear,
said’
‘formed spring-pressed initial tooth whereby

smaller gear ‘having a separately-

the latter is allowed to yield to insure mesh-
ing with the teeth of the larger gear, as set
forth and shown. '~ -~ o

" 96, In an explosive-engineé, the ‘combina-
tion with the cylinder; piston and crank-
shaft; of a starting-device comprising a res-

connected to-the cylinder, a valve interposed
between the cylinder ‘and resérvoir for ad-

- mitting the fluid into said cylinder, a brake,
“a-mechanism for applying said brake to the

engine to retain the Fiston immovable dur-.
ing the admission of the fluid, mechanism
for operating said valve, manually con-
e&m means for actuating said mecha-
pismg, and means for releasing said brake as
set forth.. B : . )
'97. In an .explosive-engine, the combina-
tion with a plurality of cylinders, pistons,
and crank-shaft, of a starting-device com-
prising a reservoir for storing fluid under
pressure and connected to the cylinders, nor-
mally closed valves operative for admitting
the fluid into the respective cylinders, auto-

‘matic means for determining the' cylinder

whose piston is on the power-stroke or
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- ervoir for storing fluid under pressure and

90
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cycle, whereby the corresponding valve is .

opened, a ‘brake, and means for applying
said brake to the engine while said valve is

‘open and for releasing the brake as set forth.

28. Tn an explosive-engine, the combina-

 tion with the cylinder, its piston and crank-

shaft, of a starting-device comprising means
for moving the piston to a predetermined
position, a reservoir for storing fluid under

110
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pressure, a pipe connecting the reservoir to

said cylinder, a valve in said pipe acting as
a relief-valve during the movement of the
piston to said position, and serving to ad-
mit the fluid into the cylinder as set forth.

FRANK REYNOLDS. [r. s.l

“Witnesses:.
- J. J. Laass,
L. H. Foumzr.
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