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This invention relates to an improvement in in-
ternal combustion engines, and more particularly
to valve and fuel injector operating mechanism
for engines of the Diesel type and operating on

s the two stroke cycle, and so arranged as to

enable such engines to be readily reversed,

The mechanism in accordance with this inven-
tion will be found to bossess at once high effi-
ciency and extreme simplicity, - .

Generally speaking, the mechanism will com-
prise a crank shaft, in driven relationship with
the main crank shaft and connected on the one
hand with a slide valve through, for example, a
toggle mechanism, and on the other hand carry-
16 ing means, as a cam, for actuation of fuel injec-
tion means, as a fuel pump. The mechanism as 3,
whole is so arranged as to permit the engine to be
operated with either right or left hand rotation,
at will. - .

Having now indicated in g general way the na-
ture and puipose of this invention, I will proceed
to a detailed description of a preferred embodi~
ment thereof with reference to the accompany-
ing drawings in which: . _

Figure 1 is a sectional view of an internal com-
bustion engine of the Diesel type and embodying
this invention.

Figure 2 is a sectional view of the engine shown
in Figure 1, taken at right angles to the showing
g0 of Figure 1, : :

- - Figures 3 and 4 are timing diagrams, respec-
tively, for right and left hand rotation of the
engine shown in Figures 1 and 2.

Referring more particularly to Figures 1 and 2,

35 2 indicates a working cylinder ‘within which is a
piston 3 connected to a crank 4 of a crank shaft
B, through a connecting rod 6. The working cyl-
Inder is provided with exhaust ports T com-
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municating with an exhgust bassage 8 and adapt-

40 ed to be controlled by the piston 3, as is usual
in Diesel engines of the two cycle type. Opening
in the head of the cylinder 2 is a valve cylinder 9,
provided with ports 10 communicating with a pas-
sage or receiver i for scavenging air, which may

t5 be supplied from any suitable source of supply.
Within the valve cylinder 8 is a piston valve 12,
adapted to control the ports 0. _

The valve 12 is driven from a crank shaft 13,
mounted adjacent to the valve cylinder, by means
i0 of a toggle, comprising a rocker arm (4 on a suit-
ably mounted fulerum_pin 15, 3 connecting rod
16 pivotally connected to the rocker arm and to a
crank I7 on the crank shaft 13 and a. link 18
pivotally connected to the rocker arm and to the

§ piston valve (2.

(CL, 123—41)

A fuel injection nozzle 19 is Iet into the working
cylinder 2 adjacent to the valve cylinder 9 and
is connected to a fuel pump 28 through a conduit
21. The fuel pump 20 is mounted adjacent to the
crank shaft 13 and is adapted to be operated by
a cam 22, mounted on the shaft 13, and which acts
upbon a cam follower 23 carried on the end of the
pump piston rod. . -

The crank shaft 13 is supported by suitable
bearings, as roller bearings 24, and is adapted to be
driven from the main crank shaft 5 through a
chain 25 which engages with a sprocket 26 on
the crank shaft 5 and with a sprocket 21, engaged
with the crank shaft 18 through a slidable sleeve
28, to which the sprocket is ‘splined by straight
splines and which is engaged with the shaft 3
through spiral splines 29. The outer end of the
sleeve 28 is grooved, as at 30, for engagement by
the forked end of a hand lever 31, mounted on a
suitable-fulcrum pin- 32. :

As will now be obvious, when the:engine is in
operation rotation of the crank shaft 13, driven
from the main crank shaft 5, will effect operation
of the piston valve 12 and of the fuel pump 28.
The crank (1 and the cam 22 will be so set that
the engine may be readily reversed by stopping,
rotating the shaft (3 independently of the main
shaft § and restarting. The shaft 13 is readily ro-
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tated independently of shaft 5 by manipulating -

hand lever 31 to slide sleeve 28 relative to sprocket
21, with respect to which it is non-rotatable, and
which will result in rotation of shaft 13 due to the
spiral splined connection between the shaft and
sleeve. . :

The timing of the engine will be apparent from
the diagrams comprising Figures. 3 and 4, which
respectively illustrate timing for right and left
hand rotation.

Referring now to Figure 3 and assuming that
the shaft 13 rotates at the same speed and in the
same direction as the main crank shaft 5 as is
usual in two stroke cycle engines, and that the en-
gine is to be operated in right hand direction, as
shown by the arrow A, the main crank 4 is in the
position B for opening of the scavenging ports 10
by the piston valve 12; which for illustration is
taken as 40° above lower dead center. The crank
{7 of the shaft i3 is in the position C and the lobe
of the fuel pump operating cam 22 is in the posi-
tion D. As the main crank 4 moves to the point B’
of closing of the scavenging ports 10, the crank
T moves up to the position C’. In this move-
ment amounting to 110° the piston valve 12 has
opened the ports 10 and closed them again.

The point of fuel injection E is shown at 5°
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before top dead center which is 215° after the
point B at which the scavenging ports 10 are
opened. When the crank 4 is moved up to the
position E, the lobe of the cam 22 has moved 215°
from the point D to the point D’, which is 20°
before top dead center on which the fuel pump
with its cam follower 23 is assumed to be located.

The lobe of the fuel cam 22 is so designed that
when it reaches the point D’ it will have moved
the fuel pump through one-half of its stroke, as
indicated in dotted lines, Figure 3, and the pump
is so designed that at this point, which is 5°
before top dead center of the crank 4, it begins
the injection of fuel into the working cylinder
through the fuel nozzle 9. :

As will appear, the exhaust ports T will be auto-
matically controlled by the working piston 3.
They will be opened when the crank 4 is at the po-
sition X, 15° ahead of the point of opening of the
scavenging ports 10, and will be closed when the
crank 4 is at the position X’, 15° ahead of the
point of closing of the scavenging ports 10.

Referring now to Figure 4, in which the various
positions of the main crank, cam 22, etc. are
shown, when the engine is running in reverse
with left hand rotation, it will be noted that when
the main crank 4 is at the point b for opening
of the scavenging ports, the crank 7 is at c’,
that the lobe of the cam 22 is at d and that when
the main crank has moved up 215°, the lobe of
the fuel cam 22 is at the point d’, 20° before top
dead center and since the lobe of the fuel cam
is symmetrical, the cam follower is moved up as
in right hand rotation. It follows that the scav-
enging ports close when the crank 4 has reached
the point b’ and the crank 17 is at ¢, while the
exhaust ports are opened when the main crank
is at the point z and they close when the main
crank is at the point z’.

In order to have the crank I7 and the cam 22
in correct angular relation to the main crank 4,
for left hand rotation, it is only necessary to
rotate the siiaft 13 to advance the cam 22 and
crank 171 a distance of 30°, which is readily ac-
complished by manipulation of lever 31, as de-
seribed. The reason for the 30° advance will be
readily understood from the fact that the main
erank 4 moved 80° from the position B to the posi-
tion b for opening of the scavenging ports. Such
movement would bring the crank (T up 80°, or
30° short of the desired position ¢. The fuel cam
22 would likewise be moved up 80° or 30° short
of its desired position d.  Hence, it is necessary to
agvance the crank 17 and cam 22 an additional
30°.

Tt will be understood that it is not intended that
this invention be limited to the details herein
given for illusrative purposes, since it will be ob-
vious that various modifications in detail may be
made without departing from the scope of this
invention. -

What I claim and desire to protect by Letters
Patent is:

1. In an internal combustion engine, in com-
bination, a working cylinder, a working piston, a
main crank shaft, means operably connecting
said piston and main crank shaft, a passage com-
municating with the interior of the cylinder, a
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valve adapted for the control of said passage, a
fuel nozzle let into said cylinder, a second shaft,
means affording a driving connection between
said main crank shaft and said second shaff,
means affording an operating connection between
said second shaft and said valve, a fuel pump
positioned adjacent said second shaft, means car-
ried by said second shaft for actuating said fuel
pump, a conduit affording communication be-
tween said fuel pump and said fuel nozzle, means
for ‘rotating said second shaft independently of
said main erank shaft to simultaneously change
the timing of the valve and fuel pump so that the
engine will run in reverse direction.

2. In an internal combustion engine, in com-
bination, a working cylinder, a working piston, a
main crank shaft, means operably connecting
said piston and main crank shaft, a passage com-
municating with the interior of the cylinder, a
valve adapted for the control of said passage, &
fuel nozzle let into said cylinder, a second crank
shaft, means affording a driving connection be-
tween said main crank shaft and said second
crank shaft, means affording an operating con-
nection between said second crank shaft and said
valve, a fuel pump positioned adjacent said sec-
ond shaft, means carried by said second shaft
for operating said fuel pump, a conduit affording
communication between said fuel pump and said
fuel nozzle and means for rotating said second
crank shaft independently of said main crank
shaft through an arc of approximately 30° to
simultaneously change the timing of the valve
and the fuel pump so that the engine will run in a
reverse direction, said valve and fuel pump being
timed for reverse operation of the engine on rota-
tion of said second crank shaft independently of
said main crank shaft through an arc of approx-
imately 30°. )

3. In an internal combustion engine, in combi-
nation, a working cylinder, a working piston, a
main crank shaft, means operably connecting
said piston and main crank shaft, a passage com-
municating with the interior of the cylinder, a
slide valve adapted for the control of said pas-
sage, a fuel nozle let into said cylinder, a second
crank shaft, a sleeve spirally splined on said sec-
ond crank shaft, a driven element slidably splined
on said sleeve, driving connections between said
main crank shaft and said driven element, means
comprising a toggle affording an operating con-
nection between said second crank shaft and said
slide valve, a fuel pump positioned adjacent said
second crank shaft, a cam carried by said second
crank shaft for actuating said fuel pump, a con-
duit affording communication between said fuel
pump and said fuel nozzle, and means for moving
said sleeve longitudinally relative to said driven
element a distance such as to rotate said second
crank shaft independently of said main crank
shaft through an arc of approximately 30° to
simultaneously change the timing of the valve

. and the fuel pump so that the engine will run in

a reverse direction, said valve and fuel pump be-
ing timed for reverse operation of the engine on
rotation of said second crank shaft through an arc
of approximately 30°.
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