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FUEL INJECTOR

Russel F. Williams, 669 Stacey St., Tecumseh, Michs

Philip R. Morgan, Tecumsek, Mich., (Box 471, Clin-

ton, Mich.); and Martin Glenday, Tecumseh, Wich.

(112 Locust 8t., Clinton, Mick.)

Filed Mar. 4, 1960, Ser. No. 12,791
7 Claims. (CL 123—139)

This application presents certain improvements over a
prior co-pending application for “Fuel Injector” filed by
Russell F. Williams and Philip R. Morgan on March 31,
1959, Ser. No. 803,145, now abandoned. In said prior
application, fuel injector means WeIe disclosed which
utilized a diaphragm actuated by variations in the crank-
case pressure of an engine for driving a fuel injection
hollow piston into a fuel compression zone. In the pres-
ent application, these features are again utilized, but in
an improved manner.

This invention thus relates to fuel injectors for closed-
crankcase type internal combustion engines. It is of par-
ticular value in connection with two-cycle engines, but
may also be used in conmecticn with four-cycle engines.
By means of the fuel injector of the present invention,
the use of a carburetor is eliminated. This results in a
very substantial saving in cost, as well as climinating the
many difficalties encountered with carburetors.

The fuel injector of the present invention has the ad-
vantage of not requiring any mechanical driving means
for pumping the fuel or for forming it into a spray, since
it utilizes the pressure vari tions existing in the closed
crankcase of the engine as the motive force.

A further advantage of the present invention is that it
requires no tight fitting pistons or tight friction seals,
as are contemplated in the aforesaid co-pending applica-
ticn.

Other advantages include exiremely low cost, low
weight, and improved fuel metering and engine perform-
ance.

If desired, a lubricant may be mixed with the fuel by
incorporating individual inlets into the injector, the two
fluids being automatically mixed therein during operation.

Other objects and advantages of the invention will more
fully appear irom the following description and draw-
ings, wherein are disclosed preferred embodiments of the
invention.

FIG. 1 shows an end view of 2 preferred embodiment
of the present invention; .

FIG. 2 shows a cross-sectional view taken along the
lines 2—2 of FIG. 1;

FIG. 3 shows'a cross-sectional view of a second em-
bodiment of the invention;

TIG. 4 shows an end view of a portion of the injector
of FIG. 3; and

TIG. 5 shows schematically a second means of main-
taining a desired pressure range between the diaphragms
of the injector of the present invention.

Referring now to the drawings in detail, wherein similar
numerals represent similar parts, FIGS. 1 and 2 show a
preferred embodiment of the present inventio. The in-
jector comprises 2 generally cylindrical injector body 19
having a longitudinal passage 11 extending therethrough,
defining at opposite ends a fuel inlet 12 and 2 fuel out-
let 3. Mounted in fluid-tight manuer transversely across
said longitudinal passage 11, at en enlarged section there-
of adjacent said fuel outlet 13, is a large-area flexible
pressure—responsive diaphragm 14. Similerly mounted, at
2 soction of somewhat reduced area, closer to said fuel
inlet 12, is a small-area flexible pressure—responsive dia-
phragm 15. A hollow piston 16, having a longitudinal
passage 17 extending therethrough is 2fixed to and freely
suspended from said diaphragms 14 and 15 so as to cause
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said diaphragms 14 and i35 and said piston 16 to under-
go jeint longitudinal motion in response to variations in
differential pressure across djaphragm 14. A removable
bushing 18 may be used to majntain diaphragm 15 in po-
sition, as showa in FIG. 1.

Fuel outlet 13 is adapted to be attached to the closed
crankcase of an engine (mot shown). Thus, the pres-
sure on the outer face of diaphragm 14 (i.e. the face
closest to the fuel outlet 13) will vary with the variations
in crankcase pressure during the engine cycle, as described
in said prior co-pending application. 'The space between
diaphragms 14 and 13 will at the same time be maintained
at a pressure insermediate the maximum and minimum
crankcase pressures. This may, for example, be accom-
plished, as shown in FiG. 1, by venting said space to the
ambient atmosphere through vent 19. A fuel compres-
sion zome 28 is provided intermediate said diaphragm
15 and said fuel inlet 12; and a pressure-responsive check
valve indicated generally at 21 is provided between said
fuel inlet 1% and fuel compression zone 28, adapted to
close when the pressure in said fuel compression zone
reaches a predetermined pressure in excess of that in said
fuel iniet 12 (which may be substantially atmospheric).
$aid check vaive 21 may comprize, as shown, 2 valve

cat 22 defining a valve port 23, a disc 24 adapted to

seat against said valve seat 39 so as to close said valve
port 23, and spring loading means 23 urging said valve
disc toward its closed position.

In operation large-area diaphragm 14 is urged inward-
1y (to the right in FIG. 1) when the crankcase pressure
is high. Piston 16 transmits this force to small-area dia-
phragm 15, moving it also to the right, thereby creating
an increased pressure in the fuel compression zone 28.
This in turn aids spring joading means 25 to close check
vaive 21. The pressure in said fuel compression zone
reaches a value in excess of that in the crankcase, be-
cause of the amplifying effect of the pistons 14, 15 of
diferent area, the flexibility and relative areas of said
diaphragms being suitably selected in known manmer 10
accomplish this result in a particular case. Fuel trapped
in said fuel compression zone 28 is thus forced out (to
the left in FIG. 1) through the longitudinal passage 17
extending through piston 16, and thence into the crank-
case of the engine. Since gas is flowing from the crank-
case toward diaphragm 34 at this time, fuel leaving pas-
sage 17 is broken up into a fine spray,. thus obviating
+he need for special spray-forming means at this point.
Nor is it necessary to provide a check valve at the fuel
outlet side of passage 16, since when the pressure in fuel
outlet 13 is high, it is even higher in passage 20; and
when it is low in fuel outlet 13, it is even -lower in
passage 29, because of the amplifying effect of the two
diaphragms of different area.

When the pressure in the crankcase of the engine
reaches a low value, diaphragms 14 and 15, and piston
16 are moved to the left in FIG. 1, creating a reduced
pressure in fuel compression zone 29. This causes check
valve 21 to be moved into opsn position, allowing fuel to
enter said fuel compression zone 20 through fue] inlet 12.

Thus, this type of fuel injector requires no tight-fitting
piston or tight friction seals, requires no outlet check
valve, requires no feed pump, and requires no drive mech-
apism or enmergy other than that provided by variations
in crankcase pressure.

TiG. 3 shows a second embodiment of the invention,
wherein ceftein additional optional features are shown,
imilar numeérals representing similar parts. In this em-
bodiment, a pair of inlets 12 and 127 are provided, as an
cptional feature, instead of a single fuel inlet 12. Inlet
12’ represents an inlet for Tubricant, to be mixed with the
fuel. Tt is common to blend some Iabricant with fuel in
two-cycle engines, for Iubrication of the moving parts in
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the crankcase. This blending can be accomplished auto-
matically by the operation of the injector shown in FIG.
3, the blending Gecurring in fuel compression zone 29,
Each inlet 12, 12’ is equipped with an individual check
valve 21; 21", An advantage of this feature is that if the
oil reservoir should fun dry, air will be pulled into inlet
12, stopping the operation -of the engine,
no danget of an oil-less run. )

Another optional feature shown in FIG. 3isa pisten-
operated shut-off valve indicated generally at 26. This
valve operates in' a manner similar to that described in
connection with the check valve 21, except that it is not
spring-loaded, but is moved into closed position by the
direct pressure of the end of piston 186. Retaining means
27 housed in groove 28 prevent valve disc 24" from fall-
ing out of valve 26 when it is open; said restraining means
are designed in known manner so that said valye disc 24
does not form a fluid-tight seal with said restraining means
27 when said valve 26 is in open position. For example,
restraining means 27 may comprise a triangular wire, as
shown in FIG. 4, so that round disc 24" cannot form a
fluid-tight seal against it. A light spring 29 holds piston
16 ‘against disc 24" when the engine is not running, but
offers only minor resistance during operation. The ob-
ject of spring 2% and valve 26
fluid from the fuel compression zone 2@ into the engine
during shut-down. When this feature is employed, sub-
Stantial gravity heads on the fuel and lubricant feeds may
be permitted, without- causing seepage into the engine
during shutdown, and without requiring the. use of ex-
cessive spring loadings on check valves 21, 21” which
_might Interfere with feeding during operation of the
enging, . o o

FIG. 5 shows schematically an aliernative means of
regulating the pressure between diaphragms 14 and 15.
Vent lifie 19 is provided with a restriction 39, An injet
lifie 31 to the space between disphragms 14, 15 leads to
the crankcase, -and is provided with a check valve 32.
Check valve 32 and restriction 30 catise the pressure in
the space between diaphragms 14, 15 to remain - below
ambient pressure, Aijr ig evacuated from said space tg the
crankcase when the laiter is tnder suction, but cannot
Teturn subsequently becaunse of check valve 32. A lim-
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ited amount of air is permitted tc enter said space through

restriction 38, insufficient to allow the pressure in said
space to reach ambient pressure. Thus, a limited negative
‘Pressure is maintained in said space.” This has the effect
of providing increased motive power. of the diaphragm
14 in pressurizinig the fuel, :

While w2 have thus shown and described preferred em-

bodinients of our Invention, it is understood that various-

other modifications may also be made in the details of
construction without departing from the spirit of the in-
vention, the principal novel features of which are set forth
in the claims below,. . '

We claim:

1. A fuel injector for a closed crankcase type internal-
combustion engine, comprising: an ‘injector ‘body having
a longitudinal bassage extending therethrough, defining at
opposite ends a fuel inlet and 2 fuel outlet; a first. flexible

~ bressure-responsive diaphragm mounted in fluid-tight man-
ner transversely across said longitudinal passage adjacent
said fuel outlet; means for exposing the surface of said
- first diaphragm facing said fuel outlet to the varying pres-
sure of said crankcase; a _second flexible pressure-respon-
sive diaphragm of smaller area than the first diaphragm,
mounted in fluid-type manner transversely across said
lo_n'gitudinal_passage -t a position closer to said fuel in-
let; a hollow piston having 3 passage extending there-
through, and being affized to and freely suspended from
both of said diaphragms so as to-cause said diaphragms
-and ‘said piston to undergo joint longitudinal ‘motion. in
Tesponse to variations in-crankcase pressure; means -for
maintaining in the Space between said diaphragms a pres-
Sure interrediate the maximim and minimum

crankcase’
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bressures; a fuel compression zone intermediate the ends
of the aforesaid longitudinal passage extending through
said injector body, intermediate said second diaphragm
and said fuel inlet; and pressure-responsive check valve
means located at the junction between said fuel inlet and
said fuel compression zone, adapted to close when the
pressure in said fuel compression zone reaches a prede-
termined pressure; the flexibility and relative areas of said
diaphragms being so selected as to cause said piston and
diaphragms to move from an initial position in the direc-
tion of said fuel inlet and to create in said fuel compres-
sion zone a fuel pressure substantially in excess of the
crankcase pressure when the latter is at its maximum posi-
tive value and at least equal to the aforesaid predeter-
mined pressure required to close said pressure-responsive
check valve means, and a sufficient reduction in pressure
when the crankcase pressure js at its maximum negative
value to cause the opening of the aforesaid check vaive
and to return said piston and said diaphragms to their
initial position, without requiring the aid of .spring load-
ing to assist said motions and pressure changes in said
fuel compression zone.

2. 'The fuel injector set forth in claim 1, wherein said
means for maintaining pressure between. said diaphragms
comprises venting means communicating with the ambient
atmosphere.’

3. A fuel injector for a closed crankcase type internal-
combustion engine, comprising: -an injector body having
a longitudinal passage extending therethrough, defining
at opposite ends a fuel jnlet and a fuel outlet; a first
flexible pressure-responsive diaphragm miountéd in fluid-

tight manner transversely across said longitudinal pass-

age adjacent said fuel outlet; means for exposing the
surface of said first diaphragm facing said fuel outlet to
the varying pressure of said crankcase; 'a second flexible
pressure-responsive diaphragm of smaller area than the
first diaphragm, mounted in fiuid-type manner transversely
across said longitudinal bassage ‘at a position closer to
said fuel inlet; a hollow piston having a passage extending
theréthrough, and being affixed to and freely suspended
from both of said diaphragms so as to cause said dia-
phragms- and said piston ‘1o undergo joint longitudinal
motion in response tc.variations in crankcase pressure;
means for maintaining in the space between said dia-
phragms a pressure intermediate the maximom and mini-
mum crankcase pressures; a fuel compression zone inter-
mediate the ends of the aforesaid longitudinal passage
extending through said injector body,  intermediate said
second diaphragm and said  fuel inlet; and. pressure-
responsive check valve means located at the junction be-
tween said fuel inlet and said fuel compression zone,
adapted to close when the pressure in said fuel compres-
sion zone reaches a predetermined pressure; the flexibility
and relative areas of said diaphragms being so selected as
to create in said fuel compression zone a fuel pressure
substantially in excess of the crankcase pressure when the

- latter is at its maximum positive value and a sufficient
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- inlet. .
- 4. A fuel injector for a closed
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reduction in pressure when the crankcase pressure is-at its

maximum mnegative value to cause the opening of the

aforesaid check valve, also provided with a second inlet
adjacent the aforesaid fuél inlet and leading to said fuel
compression zone, and provided: also with means for
feeding a lubricant thereto and with pressure-responsive
valve means located at the junction befween said lubricant
inlet and said fuel compression zone, adapted to close when
the pressure in said fuel compression zone reaches a
predetermined pressure in excess of that in said lubricant

ci’ahkcasegtype internal-
combustion engine, comprising: an injector body having
a longitudinal passage extending therethrough, defining

-at opposite ends a fuel inlet and a fuel outlet; a first

flexible pressure-responsive diaphragm mounted in fluid-
tight’ manner transversely -across said :Io,ngifﬁdinal, pass-
age. adjacent said fuel -outlet; means for ‘exposing the
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surface of said first diaphragm facing said fuel outlet to
the varying pressure of said crankcase; a second flexible
pressure-resgonsive diaphragm of smalier area than the
frst diaphragm, mounied in fluid-type manner transversely
across said longitudinal passage at 2 position closer 1o
said fuel inlet; a hollow piston having a passage extending
therethrough, and being affixed to and freely suspended
from both of said diaphragms sO as to cause said dia-
phragms and said piston to undergo joint longitudinal
motion in response fo variations in crankcase pISSSUIE;
means for maintaining in the space betweed said dia-
phragms a pressure intermediate the maximum and mini-
mum crankcase pressures; a fuel compression: zone nter-
mediate the ends of the aforesaid longitudinal passage
extending through said injector body, intermediate said
second diaphragm and said fuel inlet; and pressure-
responsive check valve means located at the junction be-
tween said fuel inlet and said fuel compression zone,
adapted to close when the pressure in said fuel compres-
sion zone reaches a predetermined pressure; the flexibility
and relative areas of said diaphragms being so selected as
to create in said fuel compression zone 2 fuel pressure
substantially in excess of the crankease pressure when the
latter is at its maximum positive value and a sufficient
reduction in pressure when the crankcase pressure is at its
maximum. negative value to cause the opening of the
aforesaid check valve, also provided with a piston-operat-
ed shut-off valve intermediate said piston and said check
valve means, adapted to De closed by contact pressure
from said piston when the latter has been moved towards
snid fuel inlet under the force of increased crankcase
pressure, thereby closing said fuel passage in said piston
at that time; also provided with a spring biasing said
piston against said shut-off valve for closure therecf when
the pressures on both sides of said first diaphragm are
equal.

5. A fuel injector for a closed crankcase type internal-
combustion engine, comprising: an injector body having
a longitudinal passage extending therethrough, defining
at opposite ends a fuel inlet and a fuel ouilet; a first
ficxible pressure-responsive diaphragm mounted in fluid-
tight manner transversely across said longitudinal pass-
age adjacent said fuel outlet; means for exposing the
surface of said first diaphragm facing said fuel outlet to
the varying pressure of said crankcase; a second flexible
pressure-responsive diaphragm of smaller area than the
first diaphragm, mounted in fluid-type manner transversely
across said longitudinal passage at 2 position closer to
said fuel inlet; a hollow piston having a passage extending
therethrough, and being affixed to and freely suspended
from both of said diaphragms so as to cause said dia-
phragms and said piston to undergo joint longitudinal
motion in response to variations in crankcase pIessure;
means for maintaining in the space between said dia-
phragms a pressure intermediate the maximum and mini-
mum crankcase pressures; a fuel compression zone inter-
mediate the ends of the aforesaid longitudinal passage
extending through said injector body, intermediate said
second diaphragm and said fuel inlet; and pressure-
responsive check valve means located at the junction be-
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tween said fuel inlet and said fuel compression zone, 60

adapted to close when the pressure in said
sion zone reaches 2 predetermined pressure; the flexibility
and relative areas of said diaphragms being s0 selected as
to create in said fuel compression zone a fuel pressure
substantially in excess of the crankcase pressure when the
latter is at its maximum positive value and a sufficient
reduction in pressure when the crankcase pressure is at its
maximum negative value to cause the opeming of the
aforesaid check valve, wherein said means for maintain-
ing pressure between said diaphragms comprises: admis-
sion means communicating, through a suitable restric-
tion, with the ambient atmosphere; exit means communi-
cating through a check valve to the crankcase of said
engine, said check valve being oriented so as to permit
fiow of air only from the space between said diaphragms to
said crankcase; said restriction being sized so as to main-
tain a desired negative pressure range in said space be-
tween diaphragms, intermediate the maximum and mini-
mum crankcase pressures.

6. In a fuel injector for 2 closed crankcase type in-
ternal-combustion engine, which injector is provided with
a flexible pressure-responsive diaphragm being exposed on
a first face to the varying pressure of said crankcase, the
improvement comprising: exit means communicating be-~
tween the space adjacent the second face of said diaphragm
and said crankcase through a check vaive so oriented as
to permit flow of air only towards said crankcase; and
inlet means communicating between said space adjacent
said diaphragm and the ambient atmosphere through a
restriction so sized as to raaintain a desired negative pres-
sure range in said space, intermediate the maximum and
minimum crankcase pressures.

7. A fuel injector for an internal-combustion engine,
comprising: a fexible pressure-responsive diaphragm;
means for impressing a varying differential pressure across
said diaphragm equal to the difference between the pres-
sure of the ambient pressure and the pressure at a pre-
determined position in the inlet means to said engine so
selected as to be respomsive to Pressure variations created
by relative motion of the working parts of said engine; &
fuel inlet port; a fuel compression chamber, into which
said fuel inlet port leads; valving means actuated in re-
sponse to the movement of said diaphragm and adapted
1o close and open said fuel inmlet port as the aforesaid.
pressure varies between positive and negative, and to
exert compression on fuel contained in said fuel compres-
sion chamber when said fuel inlet port is closed; and exit
means from said fuel compression chamber leading to
said inlet means to said engine; the flexibility and area
of said diaphragm being so selected as to allow said dia-
phragm to move back and fourth in a fuel pumping stroke
in response to said varying differential pressure without
requiring the aid of spring loading to assist said motions.

fuel compres-
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