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To all whom it may concern:

Be 1t known that I, Ira SAYRE BARNETT;,

a citizen of the United States, residing at
Lousville, in the county of Jefferson and
5 Otate of Kentucky, have invented certain
Jnew and useful Improvements in Gas-En-

gines; and I do hereby declare the following to

be a ftull, clear, and exact description of the
invention, such as will enable others skilled.
1n the art to which it appertains to make and
use the same.

This invention relates. to gas-engines and
other explosion or internal-combustion mo-

10

tors employing gaseous or liquid combusti-
bles—such as gas, gasolene, oil, naphtha, or.

I5
- admixtures thereof with air—for the motive
charges. -

My improved engine embodying such in-
vention 1s of special value as a mo.or for au-
tomobiles or motor-vehicles and has been de-
signed largely for that purpose, stmplicity
and compactness of construction and hght-
ness of weight having been important factors
kept in view in evolving the invention. The
engine 1s, however, applicable to any service.

In addition to securing a motor of high
efficiency combined with simplicity, com-
paciness, and lightness of construction, as
above noted, the principal objects of the in-
vention are, first, to produce an 1mproved
consiruction and arrangement of wvalves
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adapted to the requirements of engines of
this class; second, to provide improved valve-

opera,i_'ing_ mechanism'of simple and stron

35
niuing the explosive charges in the working

- cylinder or cylinders
jusiment thereof for regulaling the periods

40 ortimes of ignition, and various minor objects

hereinafter.appearing, all alming to improve -

the construclion and efficiency of machines
- of this character. '

The inveniion will first be deScribed With

45 reference to the accompanying drawings, |

which are to be iaken as

fleation, and
ticularly in the annexed claims. _

. In said drawings, wherein corresponding

5o parts In the several views are. designated by

a part of this speci-

like characters of reference, Figure 1 is a cen-
tral longitudinal vertical section of a gas-en-

- gine embodying my invention. Fig.2isa ver-
- tical cross -section of the same. Fig. 3 1s. a
. 55 front elevation of said engine.

and to provide for ad- - :
respective cylinders.

will then be defined more par-

Iig. 4isade- |

tail sectional view of a fitting in the cylinder-

head for a spark-plug, blow-off cock, or the
like. -Fig. 5 is a detail bottom plan view of
the roller-carrying frame of one of the valve-
operating rods. Fig. 6 is a top plan view of
the engine with parts in section. Fig. 7 is a
front elevation of my improved contacit-
breaker or make-and-break device for the
circuits of the eleciric igniting apparatus.
Kig. 8 1s a side view of said device, showing

the same in its compartment. Fig. 9 is a

diagrammatic representation of the engine

and electric igniting apparatus including the

circuits, induction-coils, make-and-break de-
vice, &c. | -

The engine illustrated in the drawings is a
triple-cylinder motor, each working cy%inder
of which is of the ordinary four-cycle type;

but ‘the invention is of course equally ap-

plicable to a single-cylinder, two-cylinder, or
other multiple-cylinder machine. |
~ Referring to said illustrated machine by
symbols of reference, the letters A A desig-
nate transverse supports on which the en-
gine - bed B is mounted. These supports
may be bolted rigidly to the frame of the au-
tomobile or other machine in which the en-
gine 18 to be used. o
The letters C C C indicate the working cyl-
inders, shown mounted vertically upon the
engine-bed, having their lower ends open
and their upper ends closed. The engine-
shaft D, mounted in suitable bearings in the

g.| engine-bed or, as here shown, in bearings
consiruciion -and positive action; -third, to.

devise improved means for antomatically ig- .

formed bstween the engine bed and supports
A, is represented having three cranks dis-
posed at different angles and connected by
pitmen, with suitable pistons working in the

In practice the cylinders are preferably
economically constructed from steel castings
or forgings bored inside in the usual manner
and turned down outside to give proper thick-
ness for strength and having suitable open-
ings in their heads for inlet and exhaust
valves, spark-plugs, and blow-off cocks. It
will be noticed that the cylinder-walls are
represented here tapering: downwardly in
thickness, greater strength being required at
their upper ends where the explosions oceur.
The lower open ends of the cylinders have
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flanges bolted to the engine-bed, suitable

gaskets being preferably interposed to form
water-tight joints. o :

Surrounding all the cvlinders is a water-

110




L

1O

LS

GE;?

jacket E, of sheet-copper or other appropri-
ate material, having a bottom flange bolted
to the upper plane surface of the engine-bed,

a suitable gasket being preferably interposed.
This jacket completely incloses the cylinders,

which are turned down and spaced apart, as
stated, thus providing a large water-space
and Insuring an effective cooling. Circula-
tion of water in the jacket is maintained by a
pump, as F, having suitable inlet and dis-
charge pipes communicating with the water-
space. Cool water 1s pumped from the pump
to the water-jacket, and thence the heated
water 1s circulated to a cooling apparatus
(not shown) and back to the pump, so that
cool water is maintained in the jacket. The
pump is shown located beneath the engine-

- shaft and operated directly from a gear G on
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 with the separate combustion or.explosion-
e,

the shaft. Said gear 3 is also shown geared,
through the medium of an idler H, with a
cear 1 on a counter-shaft J, mounted 1n a lat-
eral extension of the engine-bed and having
a series of cams K thereon for operating the
valve-rods, as hereinafter explained.
Kachcylinder-headisrepresented equipped
with valve-casings L for the inlet and ex-
haust valves, cock M, and spark-plug N.
The valve-seats are located practically with-

1n the sxplosion-chamber of the cylinder and |

formed 1n the lower ends of the cylindrical
fittings or valve-casings L, fitted tightly 1n
openings therefor in the cylinder-head, hav-
ing lower shoulders held air-tight against the
inner or lower side of the cylinder-head, as-

bestos gaskets being preferably interposed

and having upper exteriorly-threaded parts
engaged by nuts [, which secure the valve-
casings firmly in place. These nuts form
shoulders for the water-jacket, which rests
thereon, has openings inclosing the valve-

casings, and is held firmly down by other nuts

e. Gaskets are preferably interposed be-
tween the nuts [ and e and cylinder-head and
water - jacket.
somewhat above the water-jacket, have lat-
eral openings communicating with the gas
inlet and outlet pipes P and P’, closed upper
ends with guides I/ for the valve-stems o of
the valves proper, O, and also lower guides {*
for said valve-stems. - The valves G, which
ﬁreferably open within the cylinder, are

eld against their valve - seats by springs,
such as coiled. springs o/, inclosing the valve-
stems between the tops of the valve-casings
and nuts, caps, or other abutments on the
valve-stems. The valves open by depression
of their valve-stems, as hereinafter described.
This arrangement of having the valves oper-
ate entirely within the cylinder 1s an advan-
tage over other engines in that it dispenses

chambers common to motors of this typ
causes the explosion to take place wholly
within the cylinder, so that all its power is

65 more effectively exerted in working the pis- |

The valve - casings extend .

form hous ngs for the rods, hol

818,082

ton,and avoidsgeneration of heat outside the
cylinder, as in those engines wherein the gas
1s ignited in a separate chamber. |

The blow-off cock M and spark-plug N are
screwed or otherwise secured 1n fittings or
short pipe-sections, such as m, secured 1n the

cylinder-head and water-jacket 1n a sumilar

manner to that in which the valve-casings 1.
are fastened. As shown in Fig. 4, the said
fittings m are screwed in the cylinder-head by
left-hand threads, have shoulders held against
the inner side of the head, and have right-
hand nuts screwed thereon and binding the
same in place. The water-jacket has open-
ings inclosing the fittings and 1s held tightly
down on said nuts by other nuts screwed on
sald fittings.
posed between the lower nuts and cylinder-
head and water-jacket to make water-tight
joints. Itisanadvantage to have the spark-
plug situated at the top of the cylinder i this
way, since in such position it is less liable to
come in contact with the cylinder-oil, and
thus become short-circuited: - -

The inlet-pipe P supplies gas or explosive

Gaskets are preferably inter-
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mixture to the cylinder, and the exhaust-pipe -

P’ discharges the spent gases therefrom.
Said inlet-pipe communicates with any sut-
able source for supplying the explosive mix-
ture, usually with a source of air-supply and
also with an atomizer, carbureter, or other
device (not shown) by means of which gaso-
lene or other liquid combustible 1s vaporized
and mixed with air for produc:ng the explo-
sive charges. The pipes P and P/, as shown,
extend along opposite sides of the set of cyl-
inders and have branches commun cating
with the valve-casings and fitted to the open-
ings thereof by air-tight jornts. The ends of
the pipes are formed with clamps p, secured
around the valve-casings, to make air-tight
joints, which also support and secure the
pipes firmly in place.

The mechanism for automatically open'ng
the inlet and exhaust valves cons sts in the
main of a series of vertically-movable valve-
rods Q, operated by the cams K on the cam-
shaft J and carrying lateral valve-operating
arms or tnppets R, adapted on descension of
sa;d rods to depress the valve-stems. Sa'd
rods are shown guided in bearings ¢’ and ¢ at
their upper and lower ends, respectively, the
upper bearings being supported in clamps p’
on the pipe P and the lower ones. cons:sting
of bushings screwed into the engine-bed.
Tubes U, screwed to the bearings ¢’ and g,
the upper
bearings against vert'.cal movement, and ren-
der the structure more rigid. The valve-op-
erating arms or trippets R are rigidly secured
on: the upper ends of the valve-rods, and they
may be held so as to project directly ove: the

valve-stems by guides mounted on the pipe

P. These gu’des are shown as the upper bi-
furcated ends of standards S, which have also
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mountings or settings for a tube T, which in-
closes electric wires of the sparking or 1gnit-
ng caewtt, hereinafter described. The valve-
rods are held normally raised by suitable
springs, such asstout coiled expansion-springs
9%, Inclosing the rods and acting between the
upper bearings ¢’ and su-table caps or other
abutments on the rods. At their lower ends
the rods are formeéd or provided with rigd
frames V, each 1nclosing one of the cams K
and carrying a lowerrollerv beneath the cam,

~adapted to be engaged thereby to lower the

rogd on each revolution of said cam. The
sard frames are preferably formed with shoul-
ders around their junctions with the rods,

- whrch hmit their upward movement and stop

the rollers from touching back of the cams, -

- so that said rollers will be engaged only by

.25

35

40

the projecting or raised parts of the cams at
the proper intervals. The cam-shaft J, as
before mentioned, 1s geared to the engine-
shaft D through the medium of gears G H 1.
Gear I has twice as many teeth as the gear G,
and hence the cam-shaft J, known asa ‘‘one-
to-two’’ shaft in the trade, rotates but once
for every two rotat’ons of the engine-shaft.
The several cams K are set on the cam-shaft
in such position as to engage the rollers v at
the proper times and for the proper intervals
to open and release the inlet and exhaust
valves for the proper per:ods, and since the
engine-shaft rotates twice to every rotat'on
of the cam-shaft it is obvious that the inlet
and exhaust valves of each cylnder each
open once for every two reciprocations of the
piston of that cylinder, which 1s proper m a
four-cycle engine. The pos.tion or adjust-
ment of the several cams determines, of
course, the periods of open'ng and clos ng of
the corresponding valves, and as the prope:

periods for introduct’on of the explos.ve

charges and exhaust of the spent gases are

- wellunderstood further explicat’ on is deemed

50

unnecessary. _
I have illustrated herein electrical spark-

‘ing_qr igniting apparatus which, so far as the

general electrical circuits are concerned, 18
common to many explosion-engines; but the

. make-and-break devices for such -circuits

constitute an 1mportant and valuable fea-
ture of my.invention. The spark-plug N of
each cylinder-head holds one terminal of the

- electrical circuit for that cylinder, the other

55

terminal of which connects with the ironwork
of the motor or with the c¢ylinder, and thus

 completes the circuit through the spark-plug.

As usual in electrically-ignited explosion-en-

- gines, I preferably employ for each cylinder

60

an induction-coil X, the primary circuit X’ of
which includes a battery X3, switch X*, and

contact-breaker or my 1improved automatic

“make-and-break device Y, and the secondary

J

~ circuit X*? of which has its op%OSite terminals

connected to the spark-plug N and ironwork

w—ip

The electrical circuits and connections are di-
agrammatically represented. As the illus-
trated machine 1s a triple-cylinder engine,

‘there are indicated three of the mmduction-

coils X, or ““sparking coils,” as they are usu-
ally called, from the secondary poles of each
of which one wire leads to the spark-plug N
and the other connects with the ironwork of
the motor. From the primary poles of each
induction-coil one wire leads. to the battery
X3® while the other leads to the contact-
breaker or make-and-break device Y, which,
together with the ironwork of the engine, is
in the primary electrical circuit, said circuit
also including the switch X* common to all
the circuits. The wires of all the secondary
circuits X? may be suitably insulated and in-
closed 1n the a,’f}(y)rementioned tube T, which 1s
preferably filled with wax or other suitable
substance to prevent water or moisture from
seeping through the tube, as well as to pre-

| vent the wires from contacting or becoming

short-circuiting in any way.

The make-and-break device, commonly
called the ‘‘breaker-box,” 1s preferably in-
closed in a dust-proof and water-tight com-
partment in the engine-bed. This 1s espe-
cially for the purpose of preventing water
from reaching the contact-breaker and form-
ing short circuits by accident or otherwise,
as when the motor car or machine 1s run
through a deep stream. With most auto-
mobiles when run through water as soon as
the water reaches the contact-breaker the
engine stops by reason of short-circuiting;
but in the present machine such hability 1s
avoided. Thé three wires leading from the
induction-coils to the make-and-break de-

“vice Y may besuitably insulated and inclosed

in a tube Z, filled with wax or other suit-
able substance, and fitted in a water-tight
stuffing-box in the wall of said compart-
ment. Said make-and-break device Y con-
sists, in the main, of a metal member, as a
disk or plate, having a bearing around the
cam-shaft J in contact with the ironwork of
the engine or otherwise in the electrical cir-
cuit, having suitably-disposed insulated con-
tact-points 4 connected to the terminals of
the aforesaid wires X’ from the sparking coils
and non-insulated contact-points 4’, carried
by metal springs or spring-levers y* and held
normally out of contact with said contact-
points ¥, but adapted to be brought succes-
sively into contact therewith on each rota-

tion of the cam-shaft J by a cam W on said

shaft, adapted to engage said springs or roll-
ers 9°, carried thereby. The springs or
spring-levers y* are shown secured to suitable
lugs on the face of the plate-Y and having

“their iree ends pressed inward against other

stops or lugs ¥*. - The contact-points y,which
are preferably adjustable screws, are secured
in insulating-blocks 4%, of wood fiber or other

65 of the motor or cylinder, as before noted. | appropriate material, shown in the form ot

-2 3
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threaded plugs screwed into threaded recesses

i lugs 9% The free ends of the levers 2
normally remain inward against the stops 4*;
but as the cam W revolves it engages the
three rollers 4° in proper order and moves the
contact-points ¥’ into engagement with the
contact-points ¥, thus making and breaking
three circuits in each revolution, one circuit
for every cylinder.' There are two kinds of
induetion-coils, one known as the ““vibrator’’
and the other as the “non-vibrator’”’ coil.
With the vibrator-coils as the contact-points
y and ' of each circuit are brought into con-
tact the primary circuit is energized, and at
the same time the spark occurs in the cylin-
der and continues until the contact is broken
With the non-vibrator coils when the con-
tact of the points  and v’ of each circuit is
broken the secondary circuit becomes ener-

gized, causing the current to bridge the gap |

in the cylinder and produce the spark by
which the charge of explosive mixture is ig-
nited. My igniting apparatus may be used
with either kind of coils, though I prefer the

non-vibrator coils. As the cam-shaft J ro-

tates once to every two rotations of the en-

~ gine-shaft, it follows that the sparks are pro-

30

35

duced 1n the cylinders at every second recip-
rocation of the pistons, which is proper.
The plate Y is preferably mounted on the
bearing j of the cam-shaft to prevent unnec-
essary wear and friction. Its hub or central
boss 1s shown rotatably fitted on said bear-
ing and held thereon by a pin 7/, inserted
through the hub into a slot or groove in the
bearing. The plate is practically stationary,
but 1s adapted to be oscillated or turned
through a small are for the purpose of ad-

- Justing the time of engagement of the cam W

40

45

with the rollers %, and thus regulate the time
at which the explosions occur in the cylin-
ders. In starting the engine a late spark is
needed—that is, the spark should not occur
n each cylinder until the piston-rod or pit-
man 1n that cylinder has passed or overcome
a dead-center. When the engine isin aetion,
an earlier spark is desired, and for high speed
a still earlier spark is necessary. This is ef-

- fectivelyprovidedfor by the above-mentioned

50
55

6o

oscillation or adjustment of the plate Y. As
a-meansior turning said plate itisshown con-

nected by a crank z with the tube Z, which

slides through the stuffing-box in the walls

of the contact-breaker compartment, said

tube 7Z having suitable -connection, as indi-
cated at 2’, with a lever (not shown)for mov-
ing 1t a limited distance inward and outward.

f'rom the foregoing description, taken in
connectlon with the accompanying drawings,

the operation of the engine will be readily un-

derstood -and the advantages of the several

features of novelty herein noted fully appre-

- clated.

05

It will be understood, of course, that nu-
merous changes may bemade in the details of

"

tudinally of the cylin -
in the bed, bearings therefor supported by

—

816,062

construction and general arrangement of
parts without departing from the scope of my
invention, and therefore I do not desire to be
limited to the specif '

| ¢ construct:
and described. | |
Having thus fully described my invention,

on shown

70

what I claim as new, and desire to secure by

Letters Patent of the United States, is—
1. A gas-engine having, in combination, a

;plurality of upright cylinders arranged in

alinement above a horizontally-disposed en-
gine-shaft, pistons therein operatively con-
nected to the engine-shaft, inlet and exhaust
valves 1n the cylinder-heads, inlet and ex-
haust pipes disposed at opposite sides of the
series of cylinders and- communicating re-
spectively with the inlet and exhaust valves,
vertically - disposed rods having means for
engaging and opening said valves, a shaft
geared to the engine-shaft having a series of

cams adapted at proper periods to actuate

said valve-rods, electrical . circuits having
separate terminals in the cylinders for ignit-
ing the explosive charges, and a make-and-
break device mounted on said cam-shaft
connected with and adapted to make and

break the several circuits in succession at the

proper periods. |

2. In a gas-engine, a cylinder having au
opening 1n'its head, a valve-casing fitted in
sald opening having an inner shoulder and
an outer binding-nut screwed thereon, a wa-

ter-jacket surrounding the cylinder seated

against said nut and having an opening fit-
ting around said valve-casing, and an outer
nut screwed on said valve-casing against said
water-jacket securing the parts in place.
3. In a gas-engine, a cylirider having open-

75

30

90

95

100 -

ings in its head for valves, spark-plug, blow-

off cock, or the like, valve-casings and fittings
for such parts fitted in said openings and se-
cured 1n place by inner shoulders and outer
binding -nuts, a surrounding water-jacket
seated against said nuts and having openings
inclosing said valve-casings and fittings and
other binding-nuts screwed on said valve-cas-
ings and fittings against said water-jacket.
4. A gas-engine having, in combination, a
suitable bed, a cylinder %aving an open end
secured thereto and an outer closed end or
head, a working piston therein, an engine-

shaft operatively connected to said piston,

inlet and exhaust, valves in the cylinder-head,
inlet and. exhaust pipes rigid with the eyl

inder-head ‘and communicating with said
valves, valve - operatin(% rods arranged loni_gi—-
er, bearings therefor

[OF§

110

115 -

120

one ot said pipes, tubes inclosing said rods -

and rigidly connected to said bearings,
frames rigid with said rods spring-held

agaist the opposite side of the bed, rollers

carried by the far sides of the frames, a shaft
passing through said frames geared to the
engine-shatt to rotate once to every two ro-

125
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S

tations of the latter, and cams on said shaft | casings thereof, a series of vertically-mov- 30

adapted to engage said rollers and thereby
movethe rodstoopen the valvesat the proper
periods. o »

5. A gas-engine having, in combination, a
suitable bed, a cylinder having an open end
secured thereto and an outer closed end or

‘head, a working piston.therein, an engine-

shatt operatively connected to said piston,

10 1nlet and exhaust valves in the cylinder-head,

20

25

inlet and exhaust pipes rigid with the cylin-

der - head and communicating with ' said
valves, valve-operating rods arranged longi-
tudinally of the cylinder, bearings therefor
in the bed, bearings therefor supported by one
of said pipes, tubes inclosing said rods and
rigldly connected to said bearings, and means
for moving said rods to open said valves at
the proper periods.

6. A gas-engine having, in combination,
an engine-bed, a plurality of upright cylin-
ders mounted thereon having upper closed
heads, working pistons therein, an engine-
shaft operatively connected with said pis-
tons, inlet and exhaust valvesin the cylinder-
heads, inlet and exhaust pipes arranged at
opposite sidesof the cylinder having branches
communicating with the inlet and exhaust

valves respectively and rigidly secured to the

able wvalve-operating rods, upper bearings
therefor supported by one of said pipes,

 lower bearings therefor in the engine-bed,

tubes inclosing the pipes and rigidly connec-
ing said bearings, and a shaft geared to the
engine-shaft and properly timed having a
series of cams thereon for operating said

valve-rods.

7. A gas-engine having, in combination, a
bed having bearings for a horizontally-dis-
posed shaft, an upright cylinder rising there-
from having its working piston connected to
said shaft, inlet and exhaust valves in the
upper cylinder-head, vertical valve-operat-

ing rods, a counter-shaft also journaled 1n

| bearings in said bed geared to the engine-

shaft and having means for controlling said
rods, an electrical igniting-circuit, a make-
and-break device therefor mounted on said
shaft, and a water-tight compartient in said
bed i which said make-and-break device 1s
housed.

In testimony whereof I affix my signature
in presence of two witnesses. .

TRA SAYRE BARNETT.

Witnesses: .
“A. J. JOrRDAN,
GEo. BURCHEL.
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