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Be it known that II, F???????? ?. ?. SIMs, 
of the city of Toronto, in the county of 
York, Province of Ontario, Canada, a sub 
ject of the King of Great Britain, have in 
vented certain new and useful Improve: 
ments in Internal-Combustion Engines, of 
which the following is a specification. 

0 
This invention relates to internal combus 

tion motors operating on a four-stroke cycle. 
In such motors it has been usual heretofore 
to employ puppet, rotary or sleeve valves 
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? operated from the crank shaft to 
control the inlet and exhaust valves, and my 
object is to devise a construction which will 
entirely eliminate the valve operating parts 
of the ordinary motor. 

attain my object by means of a con 
struction which utilizes the varying condi 
tions in the cylinder, as to pressure, to actu 
ate the valves at the proper times, substan 
tially, as hereinafter specifically described 
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ings in which- i. V 
longitudinal section through. 

and illustrated in the accompanying draw 
Figure 1 is a 

the cylinder of a motor constructed in ac 
cordance with my invention; 

Fig. 2 a cross section of the same along 
the line a-b in Fig. 1; r 

Fig. 3 a view similar to Fig. 1 showing 
a modified construction; Fig. 4 an enlarged longitudinal section of 
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the fuel pump shown in Fig. 3; 
Figs. 5, and 6 are diagrammatical views showing different positions of the valves at 

different parts of the cycle. Referring particularly to Fig.1, 1 is the 
cylinder of ordinary, construction with a 
water jacket 2, piston 3, and exhaust port 4 

40? leading out of the top of the combustion 
chamber of the cylinder. The piston may 
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be of ordinary type, but is preferably pro 
vided with a concaye hemispherical top to 
give the combustion chamber as nearly as possible an ideal sh?pe. 
The exhaust port 4 has an inwardly facing 

valve seat formed around it in the head of 
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the combustion chamber, and against this 
seats the annular exhaust valve 5. This ex 
haust valve is provided with the hollow 
stem 6 which forms an inlet for air or for a 
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combustible mixture. 
The stem is closely fitted in an opening in 

the bottom of the second cylinder 7 formed 
in alinement with the motor cylinder and 
provided with the removable head 8 in 
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which the hollow stem 6 is guided. At the 
outer side of the head is formed a chamber 
9, with which communicates the intake pipe 
10, which, in the form of engine shown in 
Fig.1 will be led to a suitable carbureter. 
In the second cylinder 7 moves the piston 

11 secured to the valve stem 6. The space 
below the piston communicates by means 
of one or more ports 12 with the atmos 
phere. This opening is located above the 
bottom of the cylinder so that when the pis 
ton descends below the level of the port it 
acts on an elastic air cushion which prevents 
further movement without causing a jar. 
Above the piston, 11, the cylinder, by 
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means of one or more passageways 13, com 
municates with ports 14 communicating 
with the interior of the motor cylinder 1. 
These ports are so located and the piston 3 
so proportioned that the port will be un 
covered by the piston when the latter is at 
the end of its upward stroke and also when 
it is at the end of its downward stroke. 
The result of this construction is that at the 
end of the explosion stroke of the motor 
communication is opened between the two 
cylinders so that the full pressure of the 
exhaust is exerted against the piston 11 to 
open the exhaust valve 5. The opening is 
almost instantaneous, as the area of the pis 
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ton 11 is made very much larger than that . 
of the exhaust valve 5, which also, of course, is exposed to the full pressure of the ex 
haust gases. x - 

- By suitably proportioning the port or 
ports 12, and particularly by giving them a 
lead as shown particularly in Fig. 1 the ex 
haust valve may be caused to open at any 
desired point earlier than the end of the 
explosion stroke of the motor as good prac 
tice demands. 
Warious means may be provided for clos 

ing the exhaust valve at the end of the ex 
haust stroke. In Fig. 1 I show bent fingers 
secured to the piston head adapted to engage 
the underside of the valve. - 
may be made of any' special steel or other 
material which retains its hardness even 
when highly heated. 

In Fig. 3 I show the piston directly con 
tacting with the under side of an exhaust 
valve. a construction which is 
with low speed engines. 
The stem of the exhaust valve being uti 

lized for the admission of air or combustible 
mixture, the inlet valve 16 is arranged con 
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quite feasible 
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formed in the part 32. A port 40 is formed 
in the hollow stem 31 which registers with 
the port 39 when the inlet and exhaust 
valves are closed. A by-pass 41 is provided 
in the part 32 communicating with the port 
39. This is controlled by the needle valve 
42 screwed through the part 32. 
The operation of the pump is as follows: 

When the exhaust stroke takes place, the ex 
haust valve is, of-course, open and the inlet 
valve, though seated, is lowered from its 
normal position. The port 40 is therefore 
drawn down out of alinement with the port 
39. The inner side of the by-pass, it will 
be noted, is open against the side of the 
hollow stem 31. When this stem is down 
there is, therefore, free communication be 
tween the space within the part 32 and the 
pipe 38 supplying the fuel. As the hollow 
plunger rises during the exhaust stroke, 
any fuel that may have been pumped in 
on the down stroke is expelled again to the 
tank on the up stroke. During the suction 
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stroke, the exhaust valve is closed, having 
been seated by the contact of the piston 3 
at the end of the exhaust stroke, but the in 
let valve is open having been drawn down by 
its frictional engagement with the hollow plunger 27. 
During the compression stroke the inlet 

valve is closed by its frictional engagement 
With the plunger 27, and as the exhaust 
valve is in the position shown in Fig. 3 the 
port 40 is in communication with the port 
39 and the side of the by-pass 41 is closed 
by the hollow stem 31. The only communi 
cation between the by-pass and the interior 
of the part 32 is therefore under and around 
the end of the needle valve, which may be adjusted to accurately regulate the slip and 
therefore the quantity of fuel pumped. 

Until the upper end of the hollow plun 
ger 27 passes the port 40, any fuel drawn 
in on its down stroke is returned through 
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the pipe 38 to the supply tank. After the 
end of the plunger passes the port 39, the 
quantity of fuel nipped off by the plunger 
is forced through the hole 29, into the bore 
of the rod 28. As the bore is always full 
of fuel despite the high pressure in the cyl 
inder, (see below), the forcing of the fuel 
nipped off by the upper end of the plunger 
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27 through its bore forces a similar quantity 
through the opening 30 at its lower end. 
This occurs just at the time when the piston 
has reached its highest position at which 
time th? holes 30 are open to the sl?ts.48 in the plunger 27. The fuel thus injected 
ignites in the charge of air due to the heat 
of high compression and the explosion stroke 
occurs. The downward movement of the 
piston thus closes the openings 30 by the 
withdrawing of the slots 43 from alinement 

65 rod 28 is held there as previously stated. 3. In an internal combustion. m. 
therewith, and the fuel in the bore of the 

Positive injection of the liquid fuel is thus 
obtained at the end of every other upward 
stroke of the piston, which is the necessary 
condition in a four stroke cycle motor. 
Numerous variations of the construction 

are possible all retaining the fundamental 70 
idea of the opening of the exhaust valve by . the utilization of the pressure remaining in 
the cylinder at the end of the explosion 
stroke, and the provision of means whereby 
the inlet valve is left open, or after closing 
is again opened at the ???????; of the Suction stroke to be again closed by any 
suitable means operative within the cylinder 
at the beginning of the compression stroke. 
In Fig. 3 it will be noted that the space 

beneath the piston 11 is open by ports 45 
to the interior of the stem 6 of the exhaust 
valve. This is equivalent to the openings 
12 to the air illustrated in Fig. 1. 
In Fig. 1 I show a lead to the port 14 at 

its under side as well as at its upper side. 
This enables the pressure in the cylinder 7 
to ????????! f early as may iii to reduce the force necessary in closing the 
exhaust valve. 02?? ry g the 
From the above description it will be seen 

that an engine may be constructed accord 
ing to the principle adapted for the use of 
any liquid fuel and which entirely elimi 
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95 nates all the complication of cam shaft, 
cams, gearing and compressors for the spraying of fuel. 
What I claim as my invention is: 
1. In an internal combustion motor oper 

ating on a four stroke cycle, the combina 
tion of the cylinder; the piston; a freely 
movable exhaust valve; a piston connected 
with the exhaust valve of greater area than 
the valve; a second cylinder in which said piston moves; and a passageway leading 
from the interior of -said second cylinder 

- behind the piston to the interior of the 
motor cylinder, controlled by the motor pis 
ton and opened to the interior of the motor 
cylinder substantially at the end of the 
downward stroke of the motor piston, said 
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passageway also being opened to the atmos 
.phereby the motor piston when the lattér 
is just at the end of its upward stroke. 

2. In an internal combustion motor oper 
ating on a four-stroke cycle, the combina 
tion of the cylinder; the piston; a freely 
movable exhaust valve; means operable by 
the pressure of the gases within the cylinder 
to open the exhaust valve substantially at 
the end of the explosion stroke of the mo 
tor; positive means for engaging and seat 
ing said valve at the end of the exhaust 
stroke of the motor; an inlet valve tending 
to open when a vacuum exists in the mo 
tor cylinder; and means tending to close 
said inlet valve when the piston of the 
motor rises in the cylinder. - 
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ating on a four-stroke cycle, the combina 
tion of the cylinder having an exhaust port 
in the end of its combustion chamber; a 
freely movable annular puppet exhaust 
valve controlling said opening and provided 
with a hollow stem forming an air inlet; 
an inlet puppet valve controlling the open 
ing in said stem; means operable by the 
pressure of the gases within the cylinder 
to open the exhaust valve at the end of the 
explosion stroke of the motor; and positive 
means for engaging and seating said valve 
at the end of each exhaust stroke of the 
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motor. . 
4. In an internal combustion motor oper 

ating on a four-stroke cycle, the combina 
tion of the cylinder having an exhaust port 
in the end of its commloustion chamber pro 
vided with an inwardly facing valve seat; 
a freely movable annillar puppet exhaust 
valve controlling said opening and provided 
with a hollow stem forming an air inlet 
and provided with an inwardly facing valve 
seat; an inlet puppet valve controlling the 
opening in Said stem; means operable by 
the pressure of the gases within the cylinder 
to open the exhaust valve substantially at 
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the end of the explosion stroke of the motor; 
and positive means for engaging and seat 
ing said valve substantially at the end of 
each exhaust stroke of the motor. 

5. In an internal combustion motor oper 
ating on a four-stroke cycle, the combina 
tion of the cylinder; the piston; a freely 
movable exhaust valve of the puppet type 
opening within the cylinder: a hollow stem 
for said valve forming an air inlet; means 
operable by the pressire of the gases with 
in the cylinder to open the exhaust valve 
at the end of the explosion stroke of the 
motor; and positive means for engaging 
and Seating said valve at the end of ?????? 
exhaust stroke of the motor. 

6. In fin internal combustion motor op 
erating Qin a four-stroke cycle, the combina 
tion of the cylinder having an exhaust port 
in the "end of its combustion chamber pro 
vided with an inwardly facing valve seat; 
an annular puppet exhaust valve control 
ling said opening and provided with a hol 
low stem forming an air inlet and provided 
with an inwardly facing valve seat; an in 
let puppet valve controlling the opening in 
Said stem; means operable by the pressure 
of the gases within the cylinder to open . 
the exhaust valve at the end of the explo 
sion stroke of the motor: a ro?. connected 

liter the piston on which the inlet valve is 
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slegywed with a frictional fit whereby the 
will open and close the valve while 

slidable through the sa ile:'an neans linit 
ing the opening of the let valve. 

7. In an internal combustion motor oper 
ating on a four-stroke cycle, the combina 
tion of the cylinder having an exl. ust port 
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in the end of its combustion chamber pro 
vided with an inwardly facing valve seat; 
an annular puppet exhaust valve controlling 
said opening and provided with a hollow 
stem forming an air inlet and provided with 
'an inwardly facing valve seat; an inlet pup 
pet valve controlling the opening in said 
stem; means operable by the pressure of the 
gases within the cylinder to open the ex 
haust valve at the end of the explosion 
stroke of the motor; a rod connected to 
the piston on which the inlet valve is sleeved 
with a frictional fit whereby the rod will 
open and close the valve while slidable 
through the same; means limiting the open 
ing of the inlet valve; and a fuel pump of 
which said rod forms the plunger. 

8. In an internal combustion motor oper 
ating on a four-stroke cycle, the combina 
tion of the cylinder: the piston; an inlet 
valve of the puppet type; a rod connected 
to the piston on which the inlet valve is 
sleeved with a frictional ?it whereby the rod 
will open and close the valve while slidable 
through the same; means limiting the open 
ing of the inlet valve; and a fuel pump of 
which said rod forms the plunger. 

9. In an internal combustion notor oper 
ating on a four-stroke cycle, the combina 
tion of the cylinder; the piston; an inlet 
valve of the puppet type; a hollow rod con 
nected to the piston on which the inlet 
valve is sleeved with a frictional fit where 
by the rod will open and close the valve 
while slidable through the same; means lim 
iting the opening of the inlet valve; a hol 
low sten for said valve in which said rod 
operates as a plunger; a pump cylinder in 
which the upper end of the valve stem re 
ciprocates; a hollow fuel discharge rod se 
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cured to the end of the pump cylinder fitting 
into the hollow plunger rod, said discharge 
rod having a lateral opening adjacent each 
end, the upper opening communicating with 
the interior of the pump cylinder, a slot 
being formed in the side of the hollow 
plunger with which the lower opening of the 
hollow discharge rod registers when the pis 
ton is at the end of its upward stroke and 
below the inlet valve, the pump cylinder 
having a fuel port formed in one side and 
the hollow stem of the inlet valve a similar 
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port which registers with the aforesaid port 
when the inlet valve is closed. 

10. In an internal combustion motor oper s w O O ating on a four-Stroke cycle, the combination 
20 

if the cylinder; the piston; an inlet valve of . 
the puppet type; a hollow rod connected to 
the piston on which the inlet valve is sleeved 
With a fictional fit wherely the rod will 
(len and close "the valve while slidable 
through the same: neans limiting tle open 
ing if the inlet valve; a holliv stein for 
Silit . \:ilve in ylbicli silic rol opert( 's : , : lºlunger; ti pimp cylinder ili w inicl the up 30 
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per end of the valve stem reciprocates; a 
hollow fuel discharge rod secured to the 
end of the pump cylinder fitting into the 
hollow piunger rod, said discharge rol lia V 
ing a lateral opening adjacent each ell, the 
upper opening communicating with the in 
terior of the pump cylinder, a slot being 
formed in the side of the hollow plunger 
with which the lower opening of the hollow 
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discharge rod registers when the piston is 
at the end of its upward stroke and below 
the inlet valve, the pump cylinder having 
a fuel port formed in one side and the hol 
low sten of the inlet valve a similar port 
which registers with the aforesaid port when 
the inlet valve is closed, a by-pass groove 
being formed in the inside of the cylinder 
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Wall extending up to the position the end of 
the stem of the inlet valve reaches when 
the valve is closed; and a needle valve con 
trolling the opening at the upper-end of 
the groove. 

11. In an internal combustion notor op 
erating an a four-stroke cycle, the combina 
tion of the cylinder; the piston; an inlet 
valve of the puppet type; a hollow rod con 
nected to the piston on which the inlet valve 
is sleeved with a frictional fit whereby the 
rod will open and close the valve while 
slidable through the same; means limiting 
th: opening of the inlet valve; a hollow stem 
for said valve in which said rod operates as 
a plunger; a pump cvlinder in which the 
upper end of the valve stem reciprocates; 
a hollow fuel discharge rod secured to the 
end of the pump cylinder fitting into the 
hollow plunger rod, said discharge rod hav 
ing a lateral opening adjacent each end, the 
upper opening communicating with the in 
terior of the pump cylinder, a slot being 
formed in the side of the hollow plunger 
with which the lower opening of the hollow 
discharge rod registers when the piston is 
at the end of its upward stroke and below 
the inlet valve, the pump cylinder having 
a fuel port formed in one side and the 
hollow stem of the inlet valve a similar port 
which registers with the aforesaid port when 
the inlet valve is closed, a by-pass groove 
being formed in the inside of the cylinder 
wall extending up to the position the end 
of the stem of the inlet valve reaches when 
the valve is closed; a needle valve control 
ling the opening at the upper end of the 
groove; an oil jacket through which the 
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valve stem slides; and an external collar 
for led on the valve stem within the jacket. 

12. i 1 an. internal comnlbustion motor op 
era ting on a four-stroke eyele, the combina 
tion of the cylinder; the piston; an inlet 
valve of the puppet type; a hollow rod con 
lected to the piston on which the inlet valve 
is sleeved with a frictional fit whereby the 
rod will open and close the valve while 
slidable through the same; means limiting 
the opening of the inlet valve; a hollow 
sten for said valve in which Said rod op 
erates as a plunger; a pump cylinder in 
which the upper end of the valve stem recip 
'ocates; a hollow fuel discharge rod secured 
to the end of the pump cylinder fitting into 
the hollow plunger rod, said discharge rod 
having a lateral opening adjacent each end, 
the upper opening communicating with the 
interior of the pump cylinder, a slot being 
formed in the side of the hollow plunger 
with which the lower opening of the hollow 

. (lischarge rod registers when the piston is 
at the end of its upward stroke and below 
the inlet valve, the pump cylinder having a 
fuel port formed in one side and the hollow 
stem of the inlet valve a similar port which 
registers with the aforesaid port when the 
inlet valve is closed, a by-pass groove being 
formed in the inside of the cylinder wall 
extending up to the position the end of the 
stem of the inlet valve reaches when the 
valve is closed; a needle valve controlling 
the opening at the upper end of the groove; 
an oil jacket through which the valve stem 
slides; an external collar formed on the 
valve stem within the jacket, holes being 
formed through the valve stem below said 
collar to convey oil to the external surface of the plunger. 

13. In an internal combustion engine, the 
combination of a cylinder provided with an 
exhaust port in its head; a puppet valve con 
trolling the exhaust port; and a piston, the 
said piston being adapted to engage and 
positively close said exhaust valve substan 
tially at the end of the exhaust stroke of 
the motor. 
Signed at Toronto, Canada, this 30th day 

of June, 1915, in the 
undersigned witnesses. 

FREDERICK L. H. SIMS. 
Witnesses: 

J. Edw. MAYBEE, 
E. P. HALL. 
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