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o il whom it may concern.:

BeitknownthatI, D LoNsoN E. BARNARD,V

a citizen of the United States of America, and
a resident of Beloit, in the county of Rock

5 and State of Wisconsin, have invented cer-.

fain new and useful Improvements in Gas-
KEngines, of which the following is a specifi-
cation, reference being had to the accompa-
nying drawings, forming part thereof.

In the drawings, Figure 1 is a side eleva-
tion of my improved engine with one of the
ly-wheels removed. Fig. 2 is a plan of the
same. Kig. 3 is a section at the line 8 3 on
Iig. 1. Fig. 4 is a detail axial section of the
cylinders, the section being o tset, so as to cut
axially through the igniting devices, as at the
line £ 4 on Fig. 7. Tig. 51is an axial section
of one of the eylindrical double pistons and
its guide-bearing between the cylinders, as

10

20
section, on an enlarged scale, of the lgnitinge
device. Fig. 7 is a section through the dou-

ble-cylinder head at the line 7 7 on Fig. 1.

Kig. 8 is a seetion through the double eylin-
ader and water-jacket at the line 8 8 on Fig. 1.
Fig. 9is a section at the plane indicated by
the line 9 9 on Fig. 1. Figs. 10, 11, 12, and
15 are detail elevations of the four eccentrics
which operate the exhaust and Igniting de-
vices, sae being shown at corresponding po-
sitions and their operating-shaft being shown
In cross-section. |

In my improved engine I employ four eyl-
inders, each of which is provided with an in-
dependent piston, the action in each being of
the type known as ““four-cycle ’-——that 18, the
operations necessary to the result—to wit,
drawing in the charge, compressing and ex-
ploding the charge, retreating under the ex-
plosive action, and expelling the gases of ex-
plosion or exhausting—requiring each one
movement of the piston, so that two tull re-
ciprocations—that is, two movements in each
direction—are necessary to the com plete cy-
cle. T'he mechanism is arranged to cause
these four operations to take place at each
halt-revolution of the main shaft-—that 18, at
eacn travel of the piston in each direction—sa
different operation being performed in each
cylinder and theorder of rotation in all being

25

30

35

40

45

at the line 5 5 on Fig. 9. Fig. 6 is a detail

der No. 1 is receiving the charge the charge
1s compressed and exploded in cylinder 2, the
piston is retreating under the explosion in
cylinder 3, and the gases of combustion are
being expelled in cylinder 4.
A 1s the base, on which the engine is
mounted. |
B, B? B3 and B* are foar cylinders ar-
ranged in pairs, individuals of which are side
by side, the pairs facing each other endwise,
corresponding individuals of the two pairs
being conaxial. The eylinders B’ and B2 face
each other endwise and are conaxial.
‘inders B® and B*face each other endwise and
are conaxial, and the two axes are parallel.
- Cylinders B’ and B? lie side by side, and cyl-
inders B* and B! lie side by side. Structur-
ally eylinders B’ and B? constitute a con-
tinuous cylinder, and cylinders B? and B3
constitute also a continuous eylinder later-
ally adjacent to the first, but the longitudinal
‘middle portion of each being merely a guide-
way or slide bearing for the cylindrical Pis-
tons which travel in the respective cylinders
and being apertured,as hereinafterdescribed,
for the cross-pin or cross-head, by which the
movement of the pistons is communicated to
the mechanism, they are functionally four
cylinders, as deseribed. They are, however,
all Tormed in one casting, which is adapted
to be bored from end to end to form the four
cylindrical chambers, which are closed at the
opposite ends by suitable heads to completo
the chambers. These heads will be herein-
after deseribed in detail in connection with
the devices mounted therein. The four pis-
tons C', C%, C?, and C! for the cylinders B,
B3°, B% and B% respectively, are themselves
hollow cylindersand are each nearly equal in
length to the eylinders in which they respec-
tively reciprocate. The cylinders (' and C®
are,imoreover,structurally only a single eylin-
der, and similarly the eylinders C*and C* are
structurally but one cylinder, said eylinders
having, however, at the middle point of their
length transverse posts C* (S, respectively.
These posts do not constitute diaphragms be-
tween the cylindrical chambers of the double-

piston cylinders to which they pertain, but

the sawe, so that, for example, while cylin- -
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merely extend transversely through the oth-
erwise continuous cylindrical cavity. The
posts C5 Cf are axially bored through and re-
ceive the cross-head D, which connects the
pistons together, and extending through the
longitudinal aperture 6*in the partition-wall
b5 and through the corresponding longitudi-
nal apertures b® b®in the opposite outer walls
B% Bfof the middle portion of the double cyl-
inder-casting, comprising the four cylinders
B', B? B3, and B, serves as the connection for
the pitmen E E, which at opposite sides of
the cylinders are connected to corresponding
cranks F' F' on the main shaft F, which is
located at the outer end of one pair of the
cylinders B’ and B®, for example, and hasits
journal-bearingson the base-frame A. Upon

the upper side of the c¢ylinder-casting at the
middle portion between the cylinder-cham-

bers B’ B3, on the one hand, and B* B4, on the
other hand, I mount the feed and governor
mechanism,which will be presently described.
For the present, however, it will be sufficient
to state that said mechanism comprises ducts
which lead in a precisely similar manner to
corresponding apertures B® B* in the upper
side of the said intermediate portion ot the
cylinder-casting, so that the explosive charge
conducted to said apertures is delivered in a
precisely similar manner onto the exterior of
the pistons C' C?, on the one hand, and C? C*,
on the other hand. Kach of the continuous
cylinders, which constitute, respectively, the
pistons C’ and C? and the pistons C® and C4,

has at the upper side a longitudinal groove

¢, which extends for an equal distance both
ways from the middle point of the length of
the eylinder, so that a portion of its length 1s
outside the cavity of each of the pistons.

TFrom these grooves apertures c¢', ¢?, ¢, and

¢t lead into the cavities of the pistons C', C2,
C3, and C!, respectively, and the length of
the grooves ¢ is as great as the full travel of
the pistons, so that the grooves are never out
of communication with the ports B* B®%, re-
spectively, and are therefore each always in
position to admit an explosive charge which
may be in position to be drawn or forced into
said apertures B*. Such explosive charges,
it will be observed, are received not immedi-

ately into the cylinders B/, B?, B3, and B?, bat

into the cavities of the pistons. These cavi-
ties are closed except as to thesald apertures
and certain valved openings leading into
them at the head or inner end of each piston.

For convenience the valve and seat which
are employed in each piston are constructed

completeand fitted and adapted to bescrewed

into the piston. They are all precisely simi-
lar, and the desecription of one will suffice
for all. & is one of these valves. G is
its seat and guide-frame, which is provided
at the end having the seat with a peripheral
thread, by which it is adapted to be screwed

presses it and unseats the valve.
“sion of the spring G?, which may be adjusted

!

piston. The valve G has a small stem g,

which is provided with two guide-bearings g’
g in the frame G',and between its bearings
it is provided with a spring G, coiled around
the stem, stopped against the bearing ¢’ and
against a stop-collar g% which is fast on the

stem inside the frame-—that is, between the
bearings ¢’ and g.
‘it will be seen, is to seat the valve G inward,

The action of the spring,

and the outward movement of the valve com-
The ten-

70
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by adjusting the stop-collar ¢? is designed

- to be sufficient only to hold the valve seated

against a limited suection, which will be ex-

perienced when the piston retreats oris drawn

outwardly from the cylinder, the latter being
closed, so that such retreat produces a par-
tial vacuum in the cylinder.
ing movement,therefore,anyexplosive charge

which may have been admitted to the piston-.

chamber, or which, being in any passage lead-
ing to the aperture ¢, is within reach of the
suction which will be experienced through
the piston-chamber when the valve G is open,
will be drawn into the eylinder to supply the
partial vacuum. o

B% B% are the cylinder-heads. They are
chambered for water circulation, as herein-
after explained, but for the purpose of the
action in other respects may be considered

as merely solid heads, whieh are properly se--

cured, closing the ends of the cylinders. In
each head and at the center of each of the
cylinders closed by it there is mounted an

oexhaust-valve H. These exhaust-valves are

In such retreat-
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all alike, and the rescription of one, with 1ts -

appurtenances, will suffice for all. From the

head of the cylinder long bosses B B* pro-

ject at positions suitable for the location of
the exhaust-valves, and these bosses are axi-
ally bored to afford guide-bearings for the
stems s of the exhaust-valves H, respectively.
The valves seat outwardly on the inner face
of the head, and their stems extending out

‘through the bosses B% are threaded at the

outer ends for the nuts H' H', which serve as

“stops for the springs H* I?* which are coiled
“around the bosses B% and stopped at the in-

ner end on the head B®°, the outer end being

' stopped by the nuts H', the tension of the

105
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IT§ .

springs being controlled by adjusting said

nuts. Both the exhaust-ports °* in each head
lead into the exhaust-passage B, and the

final exhaust-pipe J is connected through an

aperture b in the periphery of the head,

“which leads into the exhaust-chamber I3,
These exhaust ports and valves are located
~just below the horizontal center of the eylin-
“ders, and at about an equal distance above
the said horizontal eenter I locate the ignit-
ing devices, which will now be described.
-Onto the outer side of the head B°, I bolt fast
the brackets I K, which are merely cylin-

I20

125

65 into a threaded opening in the end of the | drical posts with suitable flanges for secur- 130




TO

20

25

- 20

40

45

50

55

6o

65

659,011 33

Ing them to the head. These posts are bored
axially, and the bore is continned through the
head, a snitable water-cavity of the head be-
ing located at a proper point for this purpose.
To the opposite sides of the post K, I secure
two very stiff springs K’ I, which extend be-
yond the end of the post and have nearthe end
deep notches ¥ L1 facing each other, and
have theirends finished with sloping surfaces
facing each other diverging from the onter
margin to the notches, respectively. A plun-
ger L, fitted to the bore of the cylindrical
bracket I{, extends through the same and into
the explosion chamber or ¢ylinder, at the end
of which the bracket is mounted. This plun-
gerhas nearthe outerendadisk flange I/, hav-
ing a ¥Y-shaped margin adapted to enter the
notches £ 51, the diameter of the disk flange
being suitable to permit it to enter between
the two springs and be seated in the notches,
and the slope of the V-shaped edges being
adapted to codperate with the slopes av the
edges IXM at the ends of the springs, so that
when the plunger has pushed inward it may
force apart the spring and become engaged
with the notches, as indicated. A spring K2
may be employed coiled around the stem of
the plunger between the disk flange and the
end of the cylindrical bracket K, operating
with a tendency to resist the inward move-
ment of the plunger. As will hereinafter ap-
pear, this spring may be dispensed with when
the structure is in all other respeects such as
herein shown—that is, comprising the Springs
K’ with their notches and sloping ends.
bracket I is insulated from the cylinders,
the insulating-washer being indicated at K5
The outer end of the plunger is also provided
with a contact-point d, serewed into the head
in position to collide with the end of the
plunger.

[ will now describe the mechanism for con-
trolling the exhaust-valves and the igniting
devices. --

In the frame A there is journaled a shaft M,
parallel with the mainshaft and located above
1, and rotary motion is communicated to said
shaft M from the main shaft by gears M’ M=,
which give to the shaft M one revolution for
each two revolutions of the main shaft. On
this shaft M are four precisely similar eccen-
trics N, N*% N3 and N*. Rodsn' 72 connectthe
eccentriecs N’ and N2 to mechanism mounted
on the head of the proximate cylinder and
rods »n’and n*similarly connect the eccentrics
N®and N* to mechanism mounted on the end
of the remote cylinder.
the two heads is precisely similar and the de-
seription of that upon either head will suffice
for the other.

the outer surface of the head and supporting
a bolt or shatt P, which extends horizontally
and protrudes at both ends and provides ful-
crums for two similar levers P? P8 which are
connected at their upper ends respectively to

The

The mechanism on

P is a bracket mounted on |

the rods n’ n® Q is a bracket also mounted
on the head below the bracket P and afford-
1ng support for the vertical bolt or shaft Q’,
both ends of which protrude from the bracket
and constitute fulerums for similar levers
Q° Q% The lower ends of the levers P? P3
are connected by links ¢ ¢ to the correspond-
ing but oppositely-seated ends of the levers
(Q* %, respectively, which, being placed in re-
verse position and each being provided at
one end with a lateral offset, are adapted for
connection of said links in the same plane,
one of said offsets turning up and the other
down when the levers are in position. 'The
identity of form of the levers Q? Q3 is a mat-
ter of structural convenience, as they have
different functions. Thelever Q?is designed
to operate the exhaust-valves, while the lever
(Q° operates the igniters. The lever Q? stands
in the horizontal plane of the ends of the ex-
haust-valve stems A, and in its intermediate
position, when the levers extend directly
crosswise of the direction of the stroke of
the pistons, it is a little distance from the
ends of both the stems. When it is rocked
in one direction about its fulerum, it collides
with oune valve and opens it, and when it
recelves a reverse movement it releases that
valve and collides with the other. The ec-
centric N, which operates the lever P2, and
thereby the lever Q?, makes, with its shaft,
one revolution for each two revolutions of
the main shaft. A quarter-revolution, there-
fore, of the eccentric corresponds to each

‘movement in each direction of any one pis-

ton. T'hiseccentric is set on theshaftso that
the quarter-revolution which corresponds to
the inward compressing and exploding move-
ment, for example, of the piston in eylinder
B’ is that quarter during which the eccentric
18 passing over the center of the shaft on the
side remote from the eccentric-rod, and there-
by the lever Q* is at this stage withdrawn to
the maximum distance from the end ot the
exhaust-valve of said eylinder and the re-
verse movement has commenced, so that the
valve is left closed, and said movementof the
piston produces a compression and explosion
in eylinder B',ignition being effected as will
presently be explained. It will be seen that
the described movement of thelever Q?causes
it during the same quarter-revolution of the
eccentric above described to open the com-

‘panion exhaust-valve of the adjacent eylin-

der b° and close it again during said quarter-
revolution. This eylinder B?, therefore, is
being exhausted by the inward movement of
1ts piston at this stage, the next quarter-
revolution of the eccentric, corresponding to
the next half-revolution of the main shaft
and to the retreating movement of the pis-
tons in eylinders B" and B? cansing the lever
Q* to approach and pass through an equal

~distance beyond a position at which it stands

directly transverse to the axis of the move-
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ment of the pistons and is out of contact with | municates with any source of suppiy and is

the stems of both valves. DBoth valves are
therefore closed during this movement, dur-
ing which the piston in cylinder B’ is being
driven out by the force of the explosion
which occurred at the end of the compress-
ing movement which preceded it and the
cylinder B® is taking in a new charge by the
suction caused by the withdrawing move-
ment of its piston, this charge being recelved
from the piston-chamber. During the next
quarter - revolution of the eccentric, which
corresponds to the next inward movement ot
the pistons in the ecylinders B’ and B2, the
lever Q? is performing that part of its osecil-

lation which causes it to-open the exhaust-

valve of the cylinder BB" and to move through
the portion of its path of movement most re-

mote from the stem of the exhaust-valve of

cylinder B3, which valve is therefore still
closed. In this movement compression pre-
paratory to explosion is taking place in cyl-
inder B® and cylinder B’ is being exhsausted
or relieved of the gases of explosion. Dur-
ing the next quarter-revolution of the eccen-
trie-shaft, corresponding to the second re-
treating movement of the pistons in the eyl-
inders B and B2, the lever Q° is moving in
the opposite direction through the same por-
tion of its path of movement which it trav-

~ersed during the second quarter-revolution,
~and during this movement, therefore, the
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exhaust-valves of both these cylinders B’ and
B? are closed, the piston being forced out-
ward by the force of the explosion in e¢ylin-
der B® and a new charge being taken in from
the piston-chamber in e¢ylinder B'. The ec-
centric N9, which operates the corresponding
narts at the opposite end, is set on the shaft
ninety degrees behind the eccentric N', so
that during each quarter-revolution of the
eccentric-shaft the eccentric N°®is perform-
ing with respect to the exhaust-valves of the
cylinders B* and B*the action which has just

= been finished at the other end with respect to

the exhaust-valves of cylinders B’ and BS.
It will therefore be seen that each of the ac-

tions which make up the full cyele of action

in each cylinder takes place successively in
the several cylinders following in the same
order. Thus explosion occurring first in B/,
next in B? at the opposite end, next in B® at
the same end as B, and last in B* at the op-
posite end, and the pistons all moving as one
and transmitting to the cross-head which
connects them the impulses which are re-
ceived transmit an impulse derived {from ex-
plosion at each half-reciprocation—that 1is,
at each movement in each direction.

S is a casting comprising the gasolene-sup-

ply chamber and feed-passages leading to the |

cylinders and having the governing mechan-
ism mounted upon it and operating in and
with respect to such passages.

provided with an overflow-orifice, so that the
gasolene is maintained at a uniform height
in said reservoir. s’ is a duet leading from
said reservoir into the air-inlet passage s°.
s is a valve which controls this passage, and
which may be set to limit the flow of gasolene
as may be found necessary in order to give

70

the proper proportion of vaporand airforex-

plosive mixture. The air-passage s°extends
through the vertical member S* of the casting
S and has two branches ¥ s leading in the
branches S S0 to the lower ends thereof,
where said passages register with the ports
B B, respectively.- S° is a piston-valve
which operates in the passages s°. 1t has a

75

30

Y -duect opening at the upper end and later-

ally at opposite sides, the lateral openings
being in position such that they are adapted
to register with the mouths of the branch
duects S* 8 when the piston-valve is at the
lowest position, and thus afford the freest
communication from the passage s* below the
inlet of the duect s’ to the two ports B BY.
The valve 3? has a stem 5%, which extends up
through the passage s°, and at the upperend
has a collar S3., stopped between fixed collars

S 8% and adapted for pivotal connection with

the lever-arms T' TV of the governor-balls T’
T, which are fulerumed on the upper end of
the beveled gear T¢?, which hasa long sleeved
hub T, by which it is journaled on the up-
per portion of the member S5* of the casting
S.beingsuitablystopped longitudinally there-
on. The arms of the governor-balls are con-

t nected by a spring T%, tending to draw them

together and resist their separation which

Q0
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100

the rotation of the beveled gear carrying the

balls with it tends to produce. Such rotation
is communicated to the beveled gear and gov-
ernor-balls by the beveled gear 1°, which 1s
journaled in the bracket-arm S°and isdriven
directly or indirectly from- the main shaft, as
by a belt {f over the pulley T°on the shaft of
the gear 1°, as seen in the drawings.

For the purpose of cooling the c¢ylinders 1
provide a cylindrical jacket W, encompassing
each pair of ecylinders B’ and B? and B*and B

The integral casting comprising both cylin-

ders of either pair is formed with suitable
flanges B? B9 adapted to seat such cylin-

~drical jacket and afford facility for water-tight

junction of the latter with the casting. The
heads B®> have their cavities respectively pro-
vided with communication through the inner
plate of the head with the water-space about
the cylinders, such communication being
made through the aperture 6, and the escape
of the water is provided for by an aperture
D% in the periphery of the head at the upper
side. The cooling-wateris introduaced to the

- water-jacket from a common source of sup-

ply W' at the lower side of each of said jack-
ets W. This is most easily accomplished by

S'is a gasolene-supply chamber which com- | eonnecting the water-supply pipe W by the
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duet W' into the lower of the two ducts B | continunous contact with said bhearing-surface

3%, which are formed in the easting, extend-
ing between the flanges B%and B, and thus
constituting communication between the wa-
ter-spaces about the cylinders. The upper
duct B* serves to afford circulation between
the two water-spaces, whereby the tempera-
ture 1s more perfectly equalized.

X X X X are the electric-cireuit wires lead-
Ing to the igniters. The return or ground-
wire connection may be made from any point
on the frame. |

I elaim—

1. In a gas-engine, four eylinders in each
of which the action is of the four-cyele type
which are conaxial two and two, the two axes
being parallel; four pistons forsaid four cyl-
inders respectively, the cylinders and pis-
tons so arranged that the pistons enter the
cylinders at the proximate ends of the latter,
the pistons being chambered and provided
with valved passages from such chambers at
the heads of the piston into the cylinders re-
spectively, the outer surfaces of the two pis-
tons of each longitudinal pair being continu-
ous and being provided with a continuous
seat between the cylinders; and a gas-inlet
passage leading through such seat to the pis-
ton-surface and through the piston-wall into
their chambers respectively.

2. In a gas-engine, four cylinders which
are arranged in two pairs, the individuals of
each pair being side by side, the two pairs
having their corresponding individaals con-
axial and longitudinally separated; four pis-
tons rigidly united and moving as one and
adapted to reciprocate in said four cylinders
respectively, their path of reciprocation ex-

tending into the interval of such longitudi-

nal separation of the cylinders, a fixed bear-
ing-surface adjacent to the path of recipro-
cation of each longitudinal pair of pistons at
sald interval, each said pair having a sur-
face of suirable longitudinal extent to main-
taln continuous contact with said bearing-
surface throughout the entire range of re-
ciprocation of the pistons, the pistons be-

‘ing chambered and having communication

through their heads with the cylinder-cham-
bers; respectively; and ducts from their
chambers leading to said continuous contact-

surface, the gas-supply duct leading through

sald fixed bearing-surface and adapted to
register thereat with said piston-duets.

5. In a gas-engine, four cylinders arranged
In two pairs, individuals of which areside by
side, the two pairs having their correspond-
ing individuals conaxial and longitudinally
separated; four pistons united together and
moving as one in said four cylinders respec-
tively, their path of reciprocation extending
into said interval of separation of the cylin-
ders; a fixed bearing-surface adjacent to the
path of reciprocation of each longitudinal
pair of pistons, each such pair having a bear-

ing-surface of suitable extent to maintain |

throughout the entire range of reciprocation
of the pistons, the pistons being echambered
and having communication at their inner
ends with the cylinder-chambers respectively,
and having ducts from their chambers lead-
ing to such extended bearing-surface; a gas-
supply duct leading through said fixed bear-
ing-surface and adapted to register with the
mouth of the piston-duct; a governing de-
vice comprising an air-passage and an oil-
Inlet leading thereinto; gas-passages there-
from leading to the said fixed bearings re-
spectively; a valve in said air-passage Dbe-
yond the oil-inlet; and a centrifugal govern-
ing device which operates said valve.

4. In a gas-engine, four cylinders formed
integrally in two longitudinal pairs, the in-
dividuals of each pair being conaxial, and
tormed by one continuous bore of uniform
diameter throughout; four pistons for said
fourcylindersconnected and adapted to move
as one, the longitudinal middle portion of the
cylinder-casting having longitudinal slots all
at the plane in which the axes of all the eyl-
inders are located; a cross-head which con-
nects the two longitudinal pairs of pistons,
extending through said slots, the two pis-
tons of each longitudinal pair having their
cylindrical surfaces continuous, and having
a continuous internal chamber; a gas-duct
leading through the bearing-surface of the
pistons at the middle point of their path of
reciprocation; and a duct leading from the

piston -chambers to corresponding point in

the bearing-surfaces of the piston, the pis-
tons having communication through their
heads respectively with the cylinder-cham-
Ders. -

5. In a gas-engine, in combination with
the four cylinders arranged as deseribed, the
pistons therefor, and the driving eonnections
from the piston to the main shaft; a shaft

driven by connection with the main shaft at

half the speed of the latter; exhaust-valves
at the opposite ends of the cylinders; lever
connections for operating them; eccentrics
on the driven shaft and links which counect
them to the levers, said eccentrics being
timed to open the valves respectively during
the portion of the rotation of the eccentric
which corresponds to the movement in one
direction of the pistons respectively, the two
valves at each end being controlled by one
and the same eccentric, and operated at op-
posite ends of a lever which is actuated by
the eccentric, the two eccentrics for the two
ends respectively being oppositely mounted
on the shaft.

In testimony whereof I have hereunto set,
my hand, in the presence of two witnesses, at
Chicago, Illinois, this 28th day of May, 1898.

DE LONSON E. BARNARD.

Witnesses: |

CHAS. S. BURTON,
BERTHA C. SIMS.
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