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UNITED STATES PATENT O¥FICE.

WARREN P. VALENTINE, OF HOLYOKE, MASSACHUSETTS, ASSIGNOR TO INTERNA-
. TIONAL STEAXM PUMP COMPANY, A CORPORATION OF NEW JERSEY.

‘GAS-ENGINE.

945,297,

Spedification of Letters Patent.  Patented Jan. 4, 1910.

Appligation filed May 4, 1909. Serial No. 493,845,

To all whom it may concern:

_ Be it known that I, Warrex P. VALEN- .
/TINE, a citizen of the Utited States, residing-

at Holyoke, county of Hampden, and State
of Massachusetts, have invented certain new
and useful Improvements in Gas-Engines,
fully described and represented in' the fol-

lowing specification and the accompanying .

-drawings, forming a part of the same.

This vention relates to gas, engines, and
the special object of the invention 1s to pro-
vide a sumple, cheap, light and durable. gas
enginé which may be run at high rates of
speed with certainty and economy and which

~will have a high efficiency under very light
as well as under heavy and moderate loads.

The invéntion consists in eertain.novel

features of construction and combinations of.

parts all as fully hereinafter, described and
specifically pointed out in the claims.

In the accompanying drawings forming
part of this specification and which show a
gas engine .embodying the various features
of the invention in s preferred form:—Fig-
ure 1 is an-end elevation partly in section
through the left-hand power cylinder of
Fig. 3. Fig. 21s a section on line 2 of Figs.
3 and 4. Fig. 3 is a sectional elevation of
the engine on a plane passing through the
_center of the power cylinders, fuel pump
cylinder and crank shaff bearings.g fig. 4
is a section on line 4 of Figs. 1 and 3. Figs.
5 and 6 are sectional views of the fvel pump
cylinder and valve corresponding to Fig. 2

but showing the pump. piston and valve in’

‘different positions. Kig. 7 is a view taken
on line 7 of Fig. 8 showing the governor.

Tig. 8 is a section on line 8 of Fig.z'??. Figs.

9 to 13 are diagrams showing the power and
pump pistons and the yalve in different po-
- sitions corresponding to the divisions of the
cycle shown in Fig.-14. . Fig. 14 is a cycle.
diagram of the engive shown. = ° '
Referring to the drawings, which show-a
two-cylinder engine, A is i base casing which
forms. air .chambers e, ¢’ in which air is
compressed for scavenging. On the base
casing are mounted the power. ¢ylinders B
-and B’ and the fuel pump cylinder C. The
power cylinders and fuel pump cylinders are
preferably cast in one piece, as shown, to

avoid leakage and for economy in construc-

-tion, and the power cylinders are shown as
having the usual water jackets 1. The crank
5 shaft D is mounted in bearings in the base

: proper position.

casing A, and is connected to the upper pis-
tons 6, b’ by pitmen 30 connected to cranks
81 set 180° apart, and the fuel piston ¢ is
connected. with the crank shaft by means of .

the piston rod 82, pitman 33 and crank 34. ¢3

The pump crank is offset from its leadin
power crank something more than 90°, pref-
erably approximately 110°, as shown in the
drawings and as indicatéd in the diagram
Fig. 14, instead of being set at approxi-
mately 90° from the power cranks. The ad-
vantage of setting the pump crank at such a .
greater angular distance behind the power
cranks will be apparent as other features of
the invention are gescribed hereinafter.. The
crank shaft is shown as carrying two bal-
ance wheels 85 and 36, in one of which the
governing mechanisth hereinafter described

‘1s mounted. .- :

- Tach of the air chambers a, ¢’ is provided
with a port 2 for:the admission of air, and
these chambers are connected to the explo-
sion end of the power cylinders B, B’ by’
ports 3 opening into the power cylinders at
or near the line of the exhaust ports 4. The
charge is admitted te the power cylinder B
from below the pump piston ¢ through port

5in the cylinder wall and port 6 in the pis- - '

ton: ¢, and the charge is admitted to the .
power cylinder B’ from above the pump pis-
ton -¢ through similarly arrangeg ports T
and 8, the admission ports thus being con-
trolled by both the power and pump pistons
aiid admission to the power cylinders occur-
ring “only when both pistons are in the

The fuel employed is any suitable gaseous

friel jwhich is mixed with the fres hair in the

‘cylinder after the scavenging, this fuel be-
ing admitted alternately above and below

the pump’ piston ¢ through ports 20 and 21.
The fuel mixture of air and gas may- be sup-
plied from: any suitable source, and its ad-
mission to the pump through the ports 20
and 21 is controlled by a slide valve d
‘mounted in a casing M. The valve d is a
cylindrical valve. sliding in a cylindrical
housing e. The valve casing M has an ad-
mission port 10 and is-open- at the bottom,

and the lower end of the valve is formed i

‘with an annular groove. 11 which is con-
hected with the interior qf the valve by

small holes 12. This construction permits

of ready removal of the valxe’ and conven-
jent access to the interior-of the volve casng,
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while the escape of fuel niixture by leakage
is provided against by the annular grooye
and holes 12, since any escaping gas will

-pass from the groove through the holes to

the interior of the valve, from which it can
pass through an opening 13. An opening 14
Is also provided from the interior of the
valve to the closed upper end of the casing.
The valve is connected by a link 17 to a
lever 18 to which is also connected a rod 19
extending from an eccentric 20 which is
mounted to rotate with the fly. wheel 35.
The eccentric thus operates to reciprocate
the valve, and for the purpose of regulating
the charge in accordance with the load the

" position and throw of the eccentric are con-

20.

25

30

© 35

40

trolled by a governor so that the length of
the reciprocations of the valve and the ex-
tent of opening of the fuel ports 20, 21, will
be lesseaed as the load is decreased and in-

creased as the load is increased. Any form

of governor may be used for this purpose.
A common form of wheel governor is shown
in the drawings and especially in Figs. 1, 7
and 8. As here shown the fly-wheel 35 car-
ries two we.ght arms 21 mounted to swing
on pivot studs 23 secured in the arms of the
fly-wheel, and the heavier ends of which are
drawn inward by springs 22. Secured on
one of the weight arms 21 so as to swing
therewith, is a %rame 94 carrying the eccen-
tric 20 so that the swinging of the weight
arm 21 to which the frame 24 is secured
shifts the eccentric to.increase or decrease
the eccentric throw and the movement of the
valve d through stem 16, link 17, lever 18
and.eccentric rod 19, which is actuated by
the eccentric 20. The other weight arm 21
serves as a counterbalance to the weight arm
carrying the frame 24, and the movement of
the frame 24 and the weight arm in both

- directions is limited by stops 25 carried by

45

50

the frame 24 on opposite sides of the ex-
tended end of pivot stud 23, which the stops
25 epgagﬁ at the limit of movement of frame
24 in either direction. In Figs. 2, 9 and 10,
the parts are shown in position with one of

the stops 25 engaging the end of the stud 23
.as when the engine 1s at rest. On incréase

of speed, with the fly-wheel rotating in the

* direction shown by the arrow in Fig. 7, the

55
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heavier ends of the weight arms 21 will
swing outward, and thus swing the frame
924 to move the eccentric and eccentric rod 19
downward, in Fig. 7, thus varying the posi-
tion and throw of the valve ¢ in accordance
with the speed of the engine. .

The charging ports 5 and 7 are opened by

the pump piston as it nears the end of its

stroke and after the power pistons have
passed below such ports, and are closed again
by the pump and power pistons before the
pump piston completes its stroke. There is
thus entrapped in the compression end of

the pump cylinder at the end of each strole |

~of raiging

045,267

of the pump piston a guantity of fuel 10ix-
ture equal to the remainder of the stroke
plus the clearance volume. This mixture
thus. entrapped is then further compressed
by the continued motion of the pump piston
until the opposite end -of the pump piston
passes the end of a recessed port 40 in the
wall of the cylinder, thereby opening a pas-
sage through a flash port 41 to allow the
compressed mixture to pass from the com-
pression end to the suction end of the-cylin-
der.. A flash port 41 is provided from each
end of the piston so as to permit the en-
trapped mixture to pass at_the end of each
stroke of the };ump piston through and past
the piston to the suction end of the cylinder.

The valve d is formed to have an inside
lap so as to keep the inlet ports to the pump
cylinder closed while the flash ports are per-
forming their functions. For this purpose
the lap must be sufficient to close the inlet
port to the suction end of the cylinder
slightly before the opening of the flash port

70

80

85

by the pump piston and to open the inlet

port to the opposite end of the pumnp cylin-
der, which has then become the suction end,
slightly after the pump piston at the begin-
ning of its succeeding stroke has closed the
flash port. : :
The closing of the charging port from the
pump cylinder to the power cylinder before
the end of the stroke of the pump piston
prevents the blowing back of the more or
less neutral gases from the power cylinder
to the pump cylinder, which In engines gov-
erned by t%rottling_the intake is liable to
occur at light loads when the charging port
is not closed until the pump piston reaches’
the end of its stroke, at which time com-
pression in the pump cylinder has ceased.
This early closing of the charging port re-
sults in a further compression of the fuel
mixture remaining in the compression end
of the pump cylinder, which compression is
relieved by the use of the flash ports. The
flash ports by allowing such compressed fuel
gas to pass to the suction end of the pump
cylinder thus serve a double purpose—that
the voluinetric efliciency of the.
fuel pump, and that of relieving the pressure
in the ¢learance spaces, so that, as the valve.
opens the supply ports, no back puff from
the clearance spaces through the carbureter
will take place. Such back pufl through the
carbureter would be uneconomical and also
disturbing to the action of the carbureter.
The operation of the engine and the tim-
ing of the opening and closing of the vari-
ous ports will ‘be understood from a brief
description in connection with the drawings.
Figs. 1 to 3 show the parts in position as
in Fig. 13, while compression is taking place
in the .ylinder B and expansion is taking
piace in the cylinder B’. In the diagrams,

Figs. 9°to 13, the parts are shown in posi- 1
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tion with the power piston B in' the posi-
tions-indicated by the cycle division lines 1
to 5 in the cycle diagram Fig. 14. .In Fig.

9, which corresponds with line 1 of the cycle-

diagram, expansion is about to begin in cyl-
inder B, while admission is about to take
place in cylinder B’. In Fig. 10, which cor-
responds with line 2 of the cycle diagram,

* the. power piston B is about to open the ex-

10

haust.and. scavenging ports, and compres-

“* sion is taking place in cylinder B”. In Fig.
- .1t, which corresponds with line 3 of the
. cycle disgram, admission is about to take

15

‘place in cylinder B and expansion is about

in in cylinder B”. In ¥Fig. 12, corre-

tob
spending to line 4 of the cycle diagram, the
exhaust port has been closed and compres-

.. sion is about to begin in cylinder B, and ex-

25

- ‘reached the position shown in Fig. 9 at the

i'&_BSiOH_ is taking placelin cylinder B% "In
20 )
£

[§

fig. 13, which corresponds with line 5-of the
-,{v,cle diagram, the charging port has-been
(_;ylinder B, while expansion
cylinder B". - . : .
" The operation with regard to cylinder B
is as follows: When the power piston b has

continues. in

- end of its instrolke, the air supply port 2 has

30

been opened to admit air to the compression
chamber A, and, ignition having taken place,
the piston moves downward through the ex-

- pansion operation, closing’ the port 2 anc
" compressing the air in the chamber a. The

45

40

- 45

* during the first part of the exhaust and

50

exhaust; scavenging and charging ports re-
main closed until thé piston reaches the po-
sition shown in Fig. 10, whereupon by-the
continued downward movement of the pis-
ton the ‘exhaust port 4 is first opened, and
immediately afterward the scavening ‘port
3 isepened,so that the air compressed in the
chamber ¢ during the expansion movement
of the piston & rushes into the cylinder B,
hastens the exhaust and sweeps the cylinder:
clear of the explosion gases so that no waste
gases are left in the cylinder to be nixed
with the incoming charge.  After the piston
b passes. the end of the. charging port 5, and

scavenging, the charging port is kept closed
by the pump piston ¢, which is meanwhile

‘moving downward to compress the charge

"_ " which has been drawn into-the lower end of

‘55

. piston, the charging port 5 is opene
the chargé which has been compressed bélow .

60

the pump ‘cylinder -on the upward stroke of
the pump piston. The charging port re-

-mains closed until the parts reach the posi-
. tion shown in Fig. 11, after ‘whick by the.

continued downward movement of the pump

the pump piston is admitted to the cylinder

‘Brabove. the piston . During the first part

" of the admission period, the exhaust port re-

65

mains open and the in-rushing charge’as-.
sists*in the scavenging operation and clears

the cylinder of a large part of the air whick-.

osed and compression 1s taking place in-

and"

"charge alternat ‘
“while  certain features of the‘invertion are

8

enters from the scaveriging-port 8, thus in-.

suring a full charge with less compression n
the pump cylinder than would otherwise be
necessary. After the scavenging and exhaust

_ports have been closed by the upward move-

ment of the -piston -0, the-admission port

_remains open and admission continues as in

dicated by Fig. 12, and common compressio::
by both power and pump pistons together
takes place until the position shown by. Fig.
13 is reached, when, with the pump and
power pistons timed as shown, the charging

-port 5 1s closed by both pistons. From this

point in the cycle, compression takes place
in the cylinder B as the piston b moves up-
ward until at or about the end of the up or
outstroke of the piston, ignition takes place
again and the ‘cycle is repeated. At the
moment the charging port 5 is closed, as
shown in Fig. 18, compression is still taking

.place 1n the lower end of the pump cylinder

by the continued downward movement of

_the pump piston. The fuel mixture thus en-

trapped in the compression end of the pumyp’
cylinder,~ after ‘being: further compressed.
passes to the suction end of the cylinder
through the flask port 41 as hereinbefore ex-
plained, and as shown in Fig. 5, both the
ports 20, 21 being then closed by the valve
d as shown in this figure. - By the time the
power piston b has reached the end of its
compréssion movement shown in Fig. 9, the
pump. piston has started its upstroke, com-

ressing in.the upper end of the pump eyl-
inder the charge which was drawn in on the
down stroke, and drawing a fresh charge
into the lower end of the cylinder through
the inlet port 21 which has meanwhile been-
opened: by the downward movement of the
valve d, which port 21 is'not opened by valve
d until ‘the piston ¢ on its upward movement
has closed the flash port 41 as shown in Fig.
6. . This action of the valye d is the same in
opening port 20 for the down stroke of pis-
ton ¢, keeping both ports 20, 21 closed during
the time the flash port from the upper end
of the cylinder C is open, o

The cycle of the power piston 0’ is the
same as'that of the piston b, except that the
successike Stages of -the cycle occur 180° be-
hind .those of the piston b; and obviously
also the movemen{ and operation of the
pump piston on its upstroke bear the same
relation to the operation of the piston 0" as

‘they bear on the downstroke to the opera-

tion of piston &.. . = -

~ While the invention has been illﬁstr‘uted
and described as ‘applied to a two-cylinder

‘engine, in which a power stroke in each cyl-

inder at each revolution of the crank shaft
is secured, the ?umpv'piston supplying the
ely to the two cylinders, and

limited. to such a constraction, it will be un-

derstoed that-the claims-nof thus limited

9¢

j
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include an engine having but a single power

cylinder, in which case ‘the (ipum cylinder -
might be single acting instead of double act-

ing as shown.

It will be seen that in the preferred con-

" struction shown the desired timing of the

10

15

“to be opened when the pur
-made part of its compression stroke and to

20

25°

30

35

40

45

50

55

60
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opening and closing of the Various ports of
the engine is' secured without the use of
valves in contact with the hot gases of com-
bustion; the difficulties incident to the effect
of such hot gas on valves being thus avoided.
. What is claimed is: . o

1. In a gas engine, the combination of a
power cylinder and 1ts piston, a pump cyl-
inder and its piston, a charging passage con-
necting the pump cylinder anfT power cylin-
der, means for causing the charging passage
ump . piston has

be closed before the pump piston has com-
pleted its stroke, and means for adimitting
the fuel gas to the pump cylinder. '
2, In a gas engine, the combination of a
power cylinder and its piston, a pump cyl-
mder and its piston, a chargin(%- passage con-
necting the tpump cylinder and power cylin-
der, means for causmg the charging passage
'to be opened when the pump piston has

made part of its compression stroke and to’

be closed before the pump: piston has com-
pleted its stroke, a flash port for relieving
the pressure developed in the pump cylinder
after the closing of the charging passage, an
inlet passage for supplying fuel to the pump
cylinder, and a valve for controlling said
inlet passage timed to open said passage
after the flash port has been closed.

3. In a gas engine, the combination of a
power cylinder and its piston, a pump cyl-
inder and its piston, a charging passage con-
necting the pump cylinder and pover cylin-
der controlled by both the pump axd power
pistons and closed before the pump piston
renches the end of its stroke, a flash port

controlled by the pump piston and opened

to relieve the pressure n the pump cylinder
after the charging passage 1s closed, and
means for admitting the fuel gas to the

- pump cylinder after the closing of the flash

port.

4. In a gas engine, the combination with
two power cylinders and their pistons, of a
double acting p'umf) cylinder and its piston.
charging passages leading one from one end

of the pump cylinder-to one of the power

cylinders and the other from the other end of
the pump cylinder to the other power-cylin-
der, means for causing the charging passages
to be opened alternately on successive strokes
of the pump piston when the pump piston
has made part of its stroke and to be closed
Defore the pump piston has completed its
stroke, flash . ports opened after the closing
of the charging passages to allow the com-
pressed fuel to pass from the compression

‘gas to the pump cylinder.. .

945,297

end of the pump cylinder to-the suction end
thereof, and means for admitting the fuel

5. In a gas engine, the combination with

two power cylinders and their pistons, of a”

double acting pump cylinder and its piston,
charging passages leading one from one end
of the pump cylinder to one of the power
cylinders and the other from the other end of

the pump cylinder to the other power cylin- 7

70

-
[5D)

der, means for causing the charging passages |

to be opened alternately on successive strokes
of the pump piston when the pump piston
has made part of its stroke and to be closed
before the pump piston has completed its
stroke, flash ports opened after the closing

of the charging passages to allow the com-

pressed fuel to pass from the compression
end of the pump cylinder to the suction end
thereof, an inlet passage to each end of the
pump cylinder, and a valve for controlling
said inlet passages having inside-lap to close
both inlet passages while the flash port is
open. :

.6. In a gas engine, the combination with
two power cylinders and their pistons, of a
double acting pump cylinder and its piston,
charging passages connecting the pump

cylinder and the power cylinders, each.

charging passage being controlled by the
pump piston and a power piston and being

80

85

990

95

closed before the pump, piston reaches the -

‘end of its stroke, flash ports controlled by
the pump piston for the passage of the com--

pressed fuel from the compression end to the
suction end of the pump cylinder after the
charging passages have been closed, and

means for controlling the admission of the

fuel gas to the pump cylinder.

7. In a gas engine, the combination with
two power cylinders and their pistons, of a
double acting pump cylinder and its piston,
charging passages connecting the pump: cyl-
inder and the power cylinders, each charg-
ing passage being controlled by the pump
piston and a power piston, said charging
passages being opened alternately on suc-
cessive strokes of the pump piston as it ap-
proaches ‘the end of its stroke and being

closed before the pump piston reaches the.

end of its stroke, flash ports controlled by
the pump piston for the passage of the com-
pressed fuel from the compression end to the
suction end of the pump cylinder after the
charging passages have been closed, an in-
let passage to each end of the pump cylin-
der, a_valve for controlling said inlet pas-
sages having inside lap sufficient to cause

both of the inlet passages to remain closed
while either flash port is open, and a.gov- *

ernor -for automatically controlling the

speed of thé. engine by .vatying the throw

of said valve. - RN
8. In a gas enging, the ~ombination of a
power cylinder and its piston, a pump. cylin-

109

115

137
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der and its piston, a charging passage con- piston and the power piston, & scavenging . 15
necting the pump cylinder and power cyl- | passage connecting the power cylinder with
wder controlled by the pump piston, and | the air chamber and controlled by the power
means for driving the pump piston from piston, cylinder exhaust and air chamber in.
the power piston to cause its movement to let ports controlled by the power piston, and
follow the movement of the power piston at | a crank for driving the pump piston set at 20
an angular distance substantially -greater approximately 110° behind the power crank.
than 90°, : | In testimony wheréof, I have hereunto set

9. In a gas engine, the combination of a my hand, in the presence of two subscribing
power cylinder and its piston, a pump cyl- | witnesses,. '

‘inder and its piston, an air chamber in WARREN P. VALENTINE.
which the engine gompresses air, a charging | - Witnesses:
passage connecting the pump cylinder an - Woaiam C. McIseop,

power‘cylinder.ﬁ‘@utrolle’d by both the pump WiLs M. Fuemine,



