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My invention relates to a fuel injection
valve for constant pressure, internal com-
bustion engines and, particularly, to a type
of constant pressure engine employing an

8 air chamber into which- the compressed air
of the compression stroke is delivered dur-
ing the latter part of the compression stroke
and from which this air is again inducted
into the cylinder during the early part of

10 the power or combustion stroke.

With proper modification, this valve may
also be employed in any selid injection type
of oil engine in which a close approach to
a constant pressure thermal cycle is desired.

Referring particularly to the type of con-
stant pressure solid injection oil engines em-
ploying an air chamber and a non-return
valve between the air chamber and the cyl-
inder, and which engine is illustrated in

18

20 Figure 5 of the drawings, it will be seen-

that this type of engine requires that the

oil be injected at such a rate that the pres-

sure does not tend to rise in the cylinder.

If the oil is injected at a higher rate, there
25 is nothing to prevent the flame or products

of combustion from passing through the air

chamber valve and into the air chamber.

Although there is nothing seriously harm-

ful for the flame to enter the air chamber,
30 for best operating results the flame should
always be directed toward the cylinder, so
that the products of combustion are con-
tinually passing on out of the way of suc-
ceeding portions of oil as the piston ad-
vances and thereby insure perfect combus-
tion. If this process is not approximately
carried out, imperfect combustion results
because the products of combustion of the
earlier portions of oil become mixed with
the pure air in the air chamber.

The air from the air chamber flows into
the cylinder by induction; that is, as the
piston moves out from the cylinder head,
1t tends to lower the pressure in the cylin-
der and the air from the air chamber nat-
urally flows through the open valve into
the cylinder as fast as the piston advances.
Now, as the piston starts slowly and ac-
celerates its speed as it advances, so the air
entering the cylinder flows in with an ac-
celerating velocity in exact proportion to the
accelerating speed of the piston. It is clear
that the fuel should be injected at the same
rate as the flow of the air, which is equiv-
alent to saying that the fuel should be in-
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jected at an accelerating rate in correspond-.
ence with the piston travel.

In the practical operation of this type of -

engine, it is not desirable to inject as much
oil as the air will consume, but to leave a
considerable quantity of excess air in the
products of combustion to oxidize the car-
bon deposits on the piston and to give the
engine a - higher thermal efficiency. Fur-
thermore, there is considerable self regula-
tion going on in the way of automatically
adapting the combustion to the fuel injec-
tion rate by a raising or lowering of the
pressure, which changes the density of the
compressed air and, therefore, its relation
to the rate of piston travel.. For these rea-
sons, it has been found that the oil does not
have to be injected precisely in accordance
with the rate of piston travel, but only ap-
proximately so. ) '

In a single cylinder engine the fuel pump
may be so designed as to deliver oil to the
injection valve at an accelerating rate of
flow and, therefore, a simple valve is all
that is required. But, with a multiple cyl-
inder engine, it is desirable to use a con-
stant pressure pump, supplying the valves
with oil at constant pressure and using a
valve of such construction that the fuel will
be injected at an accelerating rate.

In my invention, this is accomplished in
the manner as shown by the drawings and
the description which follows. It must,
however, be observed that the details of con-
struction are not essential, as there are
numerous ways in which the same idea cap’
be carried out, but the principle, as set forth
in the claims taken in connection with a
practical example, as shown in the drawings,
is to be taken as representing the scope of
the invention.

Referring to the drawings:

Figure 1 is a sectional view of the valve,
showing all of its.parts. The section plane
passes through the axis of the valve, cutting
all the parts upon a diametrical plane, ex-
cept the parts a*, o™, of, @8, a®®, a¥, a**, o**,
a*®, @, a*%, a® and @**, which are shown in
elevation, and the part o°, which is shown
partly in elevation and partly in section.

In this figure, the by-pass, “a**,” is shown
diametrically opposite the inlet connection,
“a*,” in order to simplify the drawing, but
it is more convenient to arrange it on the
side of the valve body as shown in Figure 5.
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Figure 2 is a separate view of the part, a°,
taken perpendicular to its assembled view
in Figure 1. '

Figures 3 and 4 are two views of the part,
a*?, also shown perpendicular to its assem-
bled view in Figure 1.

Figure 5 is a typical illustration of the
valve in position in the engine cylinder with
those parts of the engine with which it co-
operates. The view is taken upon a section
plane passing through the cylinder and air
chamber perpendicular to the crank shaft
and shows the piston and valve in elevation.

No fuel pump is illustrated because any
pump will answer which is capable of fur-
nishing a mnearly constant pressure oil
supply.

Referring to Figure 1, the valve will be
seen to consist of a housing, “av,” with four
openings. The upper and lower openings
are provided with packing glands, “¢*™ and
“gtt?  The side outlet to the right is con-
nected to the fuel pump and the side outlet
to the left embraces the by-pass device, “*1.”

The bore of the housing is much smaller
near the middle, just large enough to pass
the rod. Directly above this contraction is
a third set of rod packing, “¢',” held in
place by the gland, “@*®.” This arrangement
divides the valve into an upper and lower
chamber "separated by the packing, “a,”
and made tight at the ends by the packings,
“(I;QG” and “aﬂﬁ.”

The rod, “a,” passes through the three
packings and is hollow, with a contraction
of the bore at “a™.” | ,

Into the upper end is screwed thie nozzle,
“@2” and into the lower end the plug, “a*®.”
The rod, “a,” is slotted at the sides, “a*,” a
sufficient distance so that it may freely slide
up and down the full amplitude of its stroke
without striking the member, “g*,” which
passes through the.slots. One or more holes
are drilled through the side of the rod at
“a*” to admit the oil into the interior. A
plunger, “«®” is closely fitted to the interior
bore of the rod, “e,” and forms a valve by
seating against the contraction, “a'.”

This shuts the oil from the nozzle, “g'2.”
The plunger, “a°,” is also slotted to receive
the member, “a*,” but the slot is no longer
than the depth of the member, “4*,” and is,
therefore, securely held in place by it. The
lower portion of the plunger, “a’,” is hollow
to receive a non-return back pressure valve
comprising a ball, “a")” resting upon a seat,
“@®” which screws into the plunger, and a
stiff spring, “a'®,” bearing upon the ball,
“@’.” A port, “a*,”” completes the communi-
cation between the lower and upper cham-
bers. ,

Just below the plunger, “e®” is a spring
seat having a stem, “a®,” bearing against
the lower surface of the ball, “a”.” A spring,
“@®” is pressed upward from below by the
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seat, “a*’,” and the plug, “a*®.” Washers,
“gt0 are used to adjust the tension of the
spring.

The member, “a®,” is securely seated in
the slot, “a®,” Figure 4, and rests upon the
upper surface of the part, “a*".”

In order to prevent the oil from leaking
out through the threads of “¢*",” the mem-
ber, “a®2,” is turned down near its upper
end, a ring of packing, “e*,” placed over it

and held down by a metal ring, %e®.” It
will be seen that when the gland, “a®,” is

tightened it firmly forces together the parts,
‘(a'.].’i,” “024 ” “(1/22” ﬂnd ‘;a—ic” and SECUI‘Cly SeatS
the member, “g*,” against the valve body.
The oil can only pass from the lower cham-
ber to the upper chamber through the valve,
“a',” against the tension of the spring, “a'®,”
minus the tension of the spring, “a®.”

The spring, “a*®,” bears upon the ball, “a%,”
with a constant load, while the spring, “a®,”
is so adjusted as to bear very lightly upon
the under side of the ball, “a®,” when the rod,
“a,” is down, but as the rod rises the tension
of the spring, “a®,” rapidly increaces so
that when the rod has reached the height of
its travel it bears the ball upward with about
as much force as the spring, “ «',” bears it
downward. The result of this combined ac-
tion is that, when the rod is down, the back
pressure against the oil is a2 maximum;
while, when the rod is up, the back pres-
sure is nil.

The size of the plunger, “4%” is so chosen
as to give the required displacement with
due regard to the quantity of oil to be inject-
ed. When the rod, “a,” rises, the plunger,
“g*,” causes a negative displacement in the
upper chamber because it is stationary while
the rod, “e,” is movable. When the rod, “a,”
falls, the plunger, “e®” causes a positive dis-
placement tending to force the oil out
through the nozzle, becanse it cannot pass
back through the valve, “a’.”

Now, the size of the plunger could be
co nicely chosen as to exactly meet the re-
quirements of the quantity of oil to be in-
jected, but this is impractical because of
leakage and other variable conditions and
so 1t is made with an ample factor of oversize
and a by-pass provided for the surplus oil.

In order to bring the oil from the upper
chamber to the by-pass a port. “a®)” is
formed in the valve housing which com-
municates with the port, “@'+” The by-
pass communicates with the lower chamber
through the port, ¢ '%.”

The by-pass consists of a ball, “a™,” held
to its seat against the pressure in the upper
chamber by the spring seat, “a®,” the
spring, “a*,” and the plug, “a@®*.” The
members, “@*%,” are washers for adjusting
the tension of the spring.

The nozzle member, “a*%,” screws into the
rod, “e,” and seats against a shoulder on the
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nozzle. It has a hole, “¢*1” drilled from
below to meet the hole drilled crosswise at
an angle and contracted at the outlet to
form a nozzle. .

A spring, “a*2,” seats the rod, “a,” firmly
plunger, “g°”
and prevents any oil from entering the
nozzle until the rod, “e” is pushed upward
and uncovers the port, “a1.”

The valve is connected to a constant pres-
sure oil supply of high pressure through
‘t‘he 71,Jipe, “a',” and connections, “@” and
s,

Figure 5 is a typical installation of the
valve within the engine cylinder,

This engine has an air chamber formed
within the cylinder head: The volume of
this air chamber is preferably a half or a
third of the piston displacement. The air
chamber is closed by a non-return valve, “3,”
held to its seat by ‘a light spring located in
the spring case, “ps,” bearing upon the plun-
ger' “bl.”

The cylinder head also has a combustion
port, “CY” milled in its lower surface, form-
ing a passage for the air between the cyl-
inder and the air chamber.,

The air chamber is connected to an air
Lottle, not shown, through the pipe, “ep,”
for starting the engine. No air compressor
is required for. the engine normally replen-
ishes the air bottle from the air it com-
presses.

The fuel injection' valve, “aw,” seats into

a receptacle formed in the cylinder and is

held up in place by a suitable yoke, not
shown, under the collar of the valve.

The piston clearance is reduced to a mini-
mum and does not determine the compres-
sion pressure of the engine. The compres-
sion pressure is dependent upon the fuel
pressure,

By means of a cam and follower, not.

shown, or other suitable means, the valve
rod, “a,” is given a variable throw in ac-
cordance with the load on the engine.

The above description defines the uses of
the different parts. To further elucidate
the invention, I will describe in detail the
operation of the valve and its relation to the
type of engine illustrated. » .

To start the engine, it is turned over until
the crank has just passed the upper dead
center. The piston is now in approximately
the position shown in Figure 5, viz, just
beginning its power stroke. The air cham-
ber valve, “0,” is slightly open so that air
can fireely enter the cylinder as soon as
air is admitted to the air chamber. The
Instant this is done the piston is driven
down with much force. The valve, “b,” is
held open for about one-half stroke when
starting but the cut-off is reduced by hand
OT governor as. soon as normal operation is
attained. Exhaust takes place at the end

3

of the stroke as usual and a charge of pure
air is driven in. On the upward stroke,
this air is compressed until it reaches a
pressure equal o the pressure in the air
chamber. This occurs near the end of the
stroke, for the pressure in the air chamber
s approximately the same as the com-
pression pressure under which the engine
normally operates. As the piston contin-
ues its motion, it forces this compressed air
through the valve, “3,” into the air chamber.
When the piston has reached the end of its
stroke, most of the compressed air has been
delivered into the air chamber. Just as
the piston starts downward on the power
stroke, the cam mechanism (not shown)
raises the valve rod which, in turn, lifts the
valve, “b,” and permits the compressed air
to be inducted back into the cylinder at an
accelerating rate. The valve also injects the
oil at an accelerating rate as follows: _

" Assume that the engine is operating at a
compression pressure of 300 lbs. and that
the fuel injection begins with a pressure of
100 ibs. higher and ends with a pressure of
500 lbs. higher than the compression. pres-
sure in the engine cylinder. The fuel in-
jection should not commence at too low a
head, otherwise the oil will not be divided
fine enough for proper combustion. As-
sume that the spring, “e'” has a tension
such that it requires a difference in pressure
of 200 Ibs. per square inch to open the valve
“a’,” and that the spring, “a*4,” is so chosen
that when the rod, “e,” is down its pressure
against the ball, 4" is nil and when the
rod is near the upper end of its stroke its
pressure on the ball. is the same as that of
the spring, “a®.” _

Further assume that the spring, “a*,” is so
adjusted that it requires a difference of pres-
sure of 200 bs. per square inch to open the
valve, “ % Under these conditions the oil
pressure in the pipe, “a',” and lower chamber
of the valve housing would be 360 1bs. higher
than the compression pressure, or 600 Ibs.
gauge. Now, the instant the rod, “a,” be-
gins to lift it uncovers the port, “@1%” and
as the back pressure offered by the valve,
Is 200 lbs., the oil will issue from the
nozzle under a head of 100 lbs. per square
inch. As the valve rod rises, the back pres-
surg of the valve, “«".” grows less and be-
comes nil at the end of the upward stroke
of the valve rod. The head at the nozzle
is, therefore, raised from 100 lbs. to 300 Ibs.
per square inch during the upward stroke of
the valve rod. As the rod starts downward,
the displacement of the plunger, “a®,” comes
into play, the valve, “a",” closes, and the
pressure in the upper chamber rises unti] it
reaches a pressure 200 lbs. higher than the
pressure in the lower chamber when the
valve, “a'” opens and by-passes the surplus.
1f the size of the plunger is properly chosen,
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the pressure rise during the downward
stroke of the rod, “a,” is quite gradual and
the by-pass does not open until the rod is

“nearly down.
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It will be seen that the head at the nozzle
was gradually increased from 300 lbs. to 500
1bs. per square inch on the downward stroke
of the plunger. The entire range of pres-
sure head at the nozzle is, therefore, from 100
lbs. to 500 lbs. per square inch during the
combustion period of the engine. Chang-
ing the tension or the degree of elasticity
of the springs makes it possible to secure
almost any characteristic in the rate of in-
jection of the fuel. When once the adjust-
ment has been made, there is no further need
of readjusting these parts afterward.

The valve is so constructed as to avoid
air pockets and, therefore, there is no chance
for an accumulation of oil in the upper
chamber under a pressure that would disturb
the proper working of the valve, as de-
scribed.

When the engine is operating at less than
full load, the valve rod does not rise so
high and, therefore, the back pressure of
the valve “a’,)” is not brought to zero.
Nevertheless, the action of the plunger, “a®,”
quite gracefully smoothes out this dis-
crepancy and, as the excess of air is now
greater, the fuel does not have to be injected
with the precision which is necessary when
operating at full load.

There is another factor which I may here
mention that makes the combustion more
gradual than the fuel injection, and that is
the degree of division of the oil.

The higher the head under which the oil is
injected, the finer the division and the more
rapid the combustion. The fuel injection
ends under the highest heads and, therefore,
the combustion is the most rapid at this time.
This is just what is needed for economical
results,

As usual, the engine normally fires by
spontaneous ignition. In a cold engine, the
oil may be fired by a spark plug, by pre-
heating the liead with a torch, or by raising
the compression the required amount.

I claim: _

1. A fuel injection valve, comprising a
movable rod; a displacement device; a non-
return back pressure valve; means of reduc-
ing the back pressure through the movement
of said rod and mezns of injecting the fuel
through the displacement device.

1,674,014

9. A fuel injection valve, comprising a
movable rod; a displacement device; a non-
return back pressure valve; a spring loaded
by-pass; means of gradually reducing the
back pressure through the outward motion

of caid movable rod ; means of injecting fuel’

through the displacement device by the re-
turn motion of said movable rod and means
of limiting the injection pressure by the
by-passing device.

3. In combination with a constant pres-
sure fuel supply a fuel injection valve com-
prising two chambers; a movable rod; a
displacement device; a back pressure valve;
a by-pass valve; means of reducing the back
pressure through the movement of the said
rod in one direction and means of injecting
the fuel through the displacement device by
the movement of the rod in the opposite di-
rection.

4. A fuel injection valve having a valve
rod traversing two separate chambers in
the valve body; a non-return valve between
the tvro chamgers; a spring bearing on said
non-return valve; and a second spring bear-
ing on said non-return valve, in opposition
to said first spring, with variable intensity
dependent upon the position of said valve
rod.

5. A fuel valve having a valve rod travers-
ing two separate chambers in the valve body;
a displacement rod; a spring loaded valve;
a spring, operated by said valve rod, acting
in opposition to said spring loaded valve;
and a by-pass valve connecting said cham-
bers.

6. The combination of a fuel injection
valve with a constant pressure fuel supply
comprising a valve body having two cham-
bers; a valve rod traversing said chambers;
a displacement rod located within said valve
rod; a spring loaded valve opening toward
the nozzle; a spring acting in opposition to
said spring loaded valve, operated by said
valve rod; and a spring loaded by-pass con-
nected between the two chambers and open-
ing toward the oil supply.

7. A fuel injection valve comprising a
housing having two separate chambers; a
hollow movable rod; a nozzle at one end;
g8 valve seat below said nozzle; a stationary
rod within said movable rod seating against
said valve seat; and a non-return valve, be-
tween said chambers, opening toward the
nozzle.

PAUL ANDREW LAWRENCE.
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