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FUEL-SUPPLY SYSTEM FOR INTERNAIL-COMBUSTION‘ENGINES

Application filed November 13, 1928. Serial No. 319,135.

This invention relates generally to sys-

tems for supplying fuel to internal combus-
tion engines, and is more particularly con-
cerned with liquid fuel injection systems for
use in engines of this general type.
A primary purpose of the invention is to
provide a fuel injection system adaptable for
use in various types of internal combustion
engines, and one which enables an equipped
engine to operate with maximum power and
efficiency. ~Superior engine performance is
brought about by use of the present system
mainly becaunse of the particular method of
metering fuel to be delivered to the engine
in accordance with its varying requirements,
and also the particular means employed for
pumping the metered fuel to the engine.

Although fuel injection systems are at pres-
ent employed for supplying liquid fuel direct
to the cylinders of internal combustion en-

gines, these systems usually depend upon some’

form of fuel pumping device actuated by the
engine, and often governor-controlled, and
delivering fuel from a suitable supply source
in quantity according to the speed of the
engine. DBecause of the inherent mechanical
characteristics of such pumping devices it is

- practically impossible to deliver the exact or

nearly exact amount of fuel to the engine for

-all conditions of operation, since it is im-

practical to attempt to operate a pumping
device in a manner such as o compensate for

. the various factors which enter into the deter-
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mination of the ideal fuel composition under
all operating conditions. _ '

" Proper metering of fuel for delivery to the
engine has been accomplished most satis-
factorily perhaps by carbureter systems,
whereby said metering is controlled in ac-
cordance with the quantities of air taken into
the engine. Also greater refinements in reg-

ulating the amount of feed are possible by

controlling the fuel delivery by differential
air pressures which, in turn, may be controlled

‘in accordance with the main air intake to the

engine, the position of the fuel or air throttle,
or numerous other ways known to those
familiar with the art. However, the usual
carbureter systems are not adapted for use
in engines operating under unusually high

compression due to the fact that provision is
lacking for properly introducing the metered
fuel into the engine. :

More specifically, in order for an engine to
operate under high compression, the fuel
generally is introduced during the piston
compression stroke of the engine, and during
a portion of the firing stroke. Obviously, in
carbureter systems intake of fuel to the en-
gine can take place only during the piston

_suction stroke.
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By.means of the present invention I have -

provided an injection system whereby the fuel
may be.properly metered in accordance with
the main air supply taken into the engine, and
in a manner comparable in its advantages

.with carbureter systems. In addition the

liquid fuel so metered is discharged under
pressure into the engine separately from the
main feed of air thereto and in a manner such
as to permit the engine to operate under ex-
ceedingly high compression.

The present system has certain features of
similarity to that system comprising the sub-
ject matter of my copending application en-
titled Fuel injection system, Ser. No. 311,512,

filed Oct. 10, 1928, in which both fuel and air-

are metered in accordance with the main feed
of air to the engine and delivered thereto
separate from said main feed. The present
system, however, differs from the referred
system in numerous respects, and mainly in
that it is adapted to inject the fuel into the
engine unmixed with air, and to effect the
metering and delivery of liquid fuel to the
pump in a manner different from that fol-
lowed in the system for supplying both fuel
and air.

The various features of the invention as
well as its method of operation will be most
clearly and readily understood from the fol-
lowing detailed description, reference being
had throughout the description to the an-
nexed drawings, in which:

Fig. 1 is a detailed view of the fuel in-
jection system applied to an internal combus-
tion engine, the various portions of the system
being shown in section; the section through
the pump and fuel chambers being taken on
line 1—1 of Fig. 2; :
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Fig.2is a plan view of certain parts of the

system taken on line 2—2 of Fig. 1; a portion
of the pump being shown in section; '
Fig. 8 is a vertical section through the
pump taken on line 3—3 of Fig. 1;
Fig. 4 is a vertical section on line 4—4 of

F i%‘. 1;
ig. 5 is a section on line 5—5 of Fig. 2;

Fig. 6 is a horizontal section on line 6—6
of Fig. 15 and _

Fig. 7 is a section on line 7—7 of Fig. 6.

* The general arrangement and purposes of
the various elements of the present system
may be seen most readily by inspection of
Fig. 1. An air regulating or throttling de-
vice, generally indicated at A, is provided
for controllin'% the flow of air through the in-
take passage I into the engine manifold M,
the flow of air from the manifold to the en-
gine cylinder C taking place through pas-
sages 10, one passage each being provided for
each cylinder. Intermittent flow of air from

assage 10 into the engine cylinder is effected

y means of engine valve V. As will later be
seen, the air throttling device A serves, in
addition to controlling the supply of air to
engine, to create depression in tli]e float con-
trolled depression chamber, generally indi-
cated at D, in accordance with the flow of in-
take air through the air control device.

By virtue of the depression existing in
chamber ‘D, fuel from the float-controlled
supply reservoir F is drawn into the depres-
sion chamber in accordance with the amount

of depression existing therein, this depres--

sion being modified as will later be described.
The delivery of fuel to the pump P is made
by way of the depression chambers D, the
discharge of fuel from the pump to the en-
gine cylinders taking place through the sup-
ply lines 11, there being one supply line for
each cylinder. Mounted immediately above
each cylinder and in the feed supply line is
an injector valve generally indicated at J,
the purpose of this valve being, generally
speaking, to spray fuel into the cylinders
during the intervals of delivery by the pump.
It may be noted at this point,that the flow of
air to the engine is regulated in accordance
with its varying requirements, delivery of
fuel to the pump being metered, as mentioned,
in accordance with the flow of intake air, and
liquid fuel thus metered is delivered to the en-
gine entirely separate from the air feed there-
to. . - :

It is to be understood that the invention is

applicable for use with an engine of any -

number of cylinders, and that the present
showing of the application of the system to
an engine having two cylinders is in no way
to be considered limitative on the invention,
for adapting the system to use with a larger
engine involves essentially mere duplication
of parts; and the manner in which said du-
plication may be effected will be made appar-
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ent to those familiar with the art, during the
following description.

Referring particularly to the air throttle
device A ; a tube-shaped body portion 12 is

joined to the engine manifold M as at 13, and’

1s open at its upper end to provide an air
inlet I. As illustrated in Fig. 6, the body
portion 12 is shaped at its side to provide
a separate auxiliary circular’ valve chamber
15, closed at its outer end by means of plug
16. The body has a cylindrical bore 12* with-
in which is a throttle valve 17 mounted upon a

" horizontally extending shaft 18, the latter be-

ing journaled in the body at 19, and in plug
16 at 19® as shown. The throttle valve 17
is actuated to control the flow of air through
bore 12* by suitable connection (not shown)
with arm 21, mounted on. the end of shaft 18.
Intermediate the upper and lower ends of
bore 122 is a comparatively restricted portion
or, venturi 22, into the throat of which a pas-
sage 23 opens, the venturi serving in the usual
manner to create depression through said
passage. o

Opening into the sides of the auxiliary
valve chamber 15 is a pair 'of oppositely dis-
posed ports 24 and 25, the'former communi-
cating through passage or conduit 26, with
the Venturi passage 23 and depression pas-
sage 27 leading to chamber D, and port 25
communicating with the air inlet I through
passage 28 extending outside the venturi.
An auxiliary valve 80 is mounted on shaft 18
in chamber 15, and is adapted, upon rotation

_of the shaft to control the flow of air from

passage 28 through the auxiliary. valve
chamber and into passage 26. It is seen that
the auxiliary valve is shaped to provide arms
31 and 31*, the ends of which slidably engage
the cylindrical wall of chamber, that portion
of the valve between the arms being cut away
as at 32 to permit the flow of air, as indicated
by the arrows in Fig. 7, from port 25 to port
24 in the valve position shown. ‘

It may be noted at this time that the illus-
trated position of valve 30 corresponds to an
intermediate position of adjustment of
throttle valve 17, and that by moving the

‘throttle valve either to its open or closed po-

sition, port 24 is caused to be closed by the

auxiliary valve ends 81 and 31° respectively.

Thus, during intermediate adjustments of
the throttle valve, by-pass of air from the in-
let I to the depression line 27 is effected
through passages 28 and 26 and the auxiliary
valve chamber. However, at wide open and
closed positions of the throttle valve, the by-
pass is closed and the full depression occur-
ring at the throat of the venturi 22 is trans-

‘mitted directly through line 27 to the depres-

sion float chamber D. As will later be seen,
the purpose of the auxiliary valve arrange-
ment is to modify the fuel metering, and it

may be stated that other devices having simi-
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lar operating characteristics and purposes
may be used in the invention. :
Although a single depression chamber may

* be provided for supplying fuel to the pump,
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that is, a single depression chamber for sup-
plying fuel for all of the engine cylinders and
having suitable communication - with the
pump chambers, T have found it preferable to

provide, as shown in Fig. 4, a depression float.

chamber D for each engine cylinder, these
chambers preferably being formed in the
pump body 33. The depression line 27 opens
at 27* into space 34 above the liquid level in
one of the chambers, communication being
established between said space and space 34

‘above the liquid level in the second depression

chamber by way of opening 35 in wall 38
separating the chambers. - A pair of fuel de-
livery lines 36 and 36* extend through the
depression chamber cover 87 to open into
spaces 34 and 34* respectively, and extend
upward to communicate with the fuel supply
reservoir ¥.

As shown in Fig. 5, the supply reservoir
has a body 38 containing a float 39, the intake
of fuel delivered by the fuel pump 41 through
line 41* into the chamber being regulated by
the float controlled valve 40 mounted on the
body cover 382 The feed pump 41 is adapt-
ed to be operated by suitable driving connec-
tion (not shown) with the engine. Al-
though any suitable form of float controlled
inlet valve may be employed, I have shown as

typical a float-actuated needle valve 42

adapted to regulate the flow of fuel into the
reservoir through the valve opening 43.

A fluid passage block 44 is confined cen-
trally within the body 38 between cover 382

-and the bottom of the body as at 45. Block

44 is drilled vertically to provide oppositely
disposed beres 46 and 46* communicating re-
spectively with fuel conduits 36 and 86°
which extend through the reservoir bottom
as at 47. Between bores 46 and 462 is a third

5 vertical bore 48 communicating near its low-

er end with the reservoir fuel chamber 49 by

-way of passage 50, and thus liquid in the fuel

chamber is permitted to rise in bore 48 to its
normal level L—L’ in the fuel chamber,
Bores 46 and 46* communicate with bore 48
by way of orifices 51 located slightly above
the normal liquid level T—IL/. Suitable
bleeder openings 52 may be provided between
bores 46 and 462 and the fuel chamber 49.

It will be apparent that depression in line
27, brought about by the action of the ven-
turi, is transmitted to lines 36 and 86® and
bores 46 and 46* by way of spacers 84 and 34*
above the liquid levels in the depression
chambers, the depression thus brought about
in bores 46 and 46® being transmitted to the
inner bore 48 by way of orifices 51, and fuel
therein is caused to rise by virtue of said de-
pression and to discharge through the orifices
nto lines 36 and 3¢*. It will be understood,

of course, that the amount of fuel thus de-
livered to the depression chambers by way of

“orifices 51 is dependent upon the amount of

depression in said chambers which depres-
sion is brought about in accordance with the
flow of air through the venturi. -

- In order to facilitate the delivery of fuel
from the fuel supply reservoir to the de-
pression chambers during idling speed op-
eration of the engine, I have provided ad-
justable means for controlling the position
of the float with respect to the liquid level,
with the result that the location of the lig-
uid level with respect to orifices 51 simul-
taneously becomes regulated. This means
of adjustment consists in a comparatively
weak spring 54 (see Fig. 1) confined be-
tween the float 39 and screw 55 threaded in
the cover of the chamber. Spring 54 is of
such strength that when the float is in its
normal or uppermost position, it becomes
submerged within the liquid slightly below
its normal floating depth, with the result
that fuel in bore 48 is caused to rise to &
point near the orifices 51, and at such point
that the slightest depression acting through
the orifices will cause the discharge of fuel
therefrom into the depression float chamber.
Should it be desired to provide for a still
greater supply of fuel under conditions of
1dling speed operation the float may be sub-
merged to an extent such that the fuel may be
caused to cover the orifices, and therehy pro-
vide a liquid head for effecting delivery in
addition to the depression. It will be un-
derstood, of course, that a quantity of fuel
in the reservoir sufficient to cover the ori-
fices would be had only during operation of
the feed pump 41, and therefore during op-
eration of the engine, and thus no continu-
ous overflow through the orifices would be
had when the engine is idle. When float 39
becomes substantially lowered from its nor-
mal position, the action thereupon by spring

.54 becomes relatively ineffective, and the

float assumes its normal position relative to
the liquid level. In other words the spring
may be capable of but limited expansion

from its compressed condition when the

float is in its upper position, so that it will
exert relatively little or no downward thrust
on the float as the latter becomes lowered,
or the spring may be such that it is capable
of submerging the float abnormally only
when it is in compressed condition, and that
as the liquid level lowers, the buoyancy of
the float will overcome the thrust of the
spring and the float will assume its normal
submergence. Therefore, the effect of the

spring is to cause the float to become sub-.

merged below its normal floating level dur-
ing 1dling speed operation, thereby causing
the liquid level in the chamber to become
abnormally raised during this period, and
to permit the float to assume its normal po-
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sition, and therefore the liquid to resume its
‘normal level, during higher speed opera-
tions. ’ -

Within the depression chamber is a pair
of valve actuating floats 57 and 57* which
are mounted upon valve stems 58 and 582, re-
spectively, these stems being confined at
their upper ends in bore 61 in the chamber
cover. On the lower ends of the stems are
liquid: control valves 59 adapted to move
vertically with the floats and in -bores 61
formed in the body 83. Communication is
established between each pump chamber 62
and the interior of each depression chamber,
by means of bore 63, intersecting the valve
bore 61 as shown in Fig. 1, and vertical wells
or bores 64 into which bore 63 opéns. Thus,
by virtue of its vertical movement brought
about by changes in the buoyancy in the float
or by changes in the liquid level in the cham-
ber, the liquid control valve serves to regu-
late the feed of fuel from the depression

- chamber through bores 64 and 63 into the

* pump chamber. An extension 60 is pro-
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vided on the lower end of each valve and is
Eroportioned so as to fit the bore wall of

ore 61 more or less closely, the purpose of
this extension being to eliminate vibration
of the float and valves due to engine vibra-
tion or other causes.

The tubular valve stems 58 and 58* open
at their upper ends into bores 59* and 59,
the former communicating with a horizontal
bore 66 formed in the cover and plugged at
its outer end. A second horizontal %ore 67
extends between bores 59* and 59® and serves
to establish communication between bores
66 and the valve stem bores. An air inlet 69
opens into bore 66, and although this open-
Ing may communicate directly with the at-
mosphere, I prefer that it communicate
with air inlet I through line 80 as will later
be described. Openings 68 are formed one
each in each of the valve stems to establish
communication between the stem bores and
the inner chambers 57¢ of the float 57 and
572, Thus air is taken into the float cham-
ber by way of opening 69, bore 66, (and 67
for float 57°) the tubular valve stems and
openings 68.

Openings 70 are provided in the bottom of

the float in order to permit liquid from the

depression chamber to flow into and out of
the interior float chambers 57° according
to the relative pressure conditions there-
in. Bore 66 communicates with chamber 34
through a restricted passage 71 the effect of
this passage being to cause more or less de-
pression in bore 66 according to the size of
opening 71, this size being determined, in
turn, by the particular operating conditions

it is desired to maintain. Thus it is seen that

with a comparatively greater amount of
pressure existing on top the liquid contained

1,779,374

thereto as described, and comparatively less
pressure existing in the depression chamber

due to depression being-created within the .

chamber, liquid within the float is caused to
flow .therefrom through openings 70 by vir-
tue of the pressure differential. Asa result
each float is caused to rise in the liquid fuel
and to carry with it the liquid control valve
on the lower end of the stem.

It is desirable that means be provided for
preventing all the fuel contained within the
float from draining through opening 70 into
the depression chamber in the event high de-
§>ression is suddenly applied to that chamber.

have therefore, provided a cap 73, mounted
on the chamber cover and covering bore 72
and a second bore 74 opening into space 34
(see Fig. 1) the cap being shaped to provide
a space 75 for establishing communication
between the bores mentioned. A valve 76

75

80

85

having its stem-confined within the cap bores

77 normally rests upon cover 37 and closes

bore 72 to the space 75. Upon sudden appli- -

cation of depression to chamber 84 causing
float 57 to rise to its uppermost position, the
pressure differential on the top and bottom
faces of the air valve becomes sufficient to
cause the valve to raise from its seat, and to
permit air taken into bore 66 -through open-

mg 69, to flow into space 75 and thence into.

80
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chamber 84. The depression then is limited

to an extent such that the discharge of liquid
out of the float by way of opening 70 is dis-
continued before the float becomes entirely
depleted of its liquid content. It is unneces-
sary to provide a cap and valve arrangement
as described for depression chamber 34%, since
both chambers are interconnected by way of
opening .85, and whatever modification in
depression is applied to chamber 34 will in-
stgjr:‘lﬁly become effective in chamber 342,

e
floats 5% and 57* will be apparent from con-
sideration of the operation of those parts of
the system described in detail. It may be
noted at this point that normally, the posi-
tions of the floats are substantially the same,
their positions being altered as in Fig. 4 for
purposes of illustration only. Assuming
first that the position of the air throttle valve
17 is regulated for idling speed operation of
the motor, the depression occurring at the
throat of the venturi is transmitted through
line 27 to the depression chambers and then
through conduits 36 and 86 to the fuel supply
reservoir F' from which fuel is taken into
said conduits as previously described. The
amount of fuel in the depression chambers,
delivered from the supply reservoir, normal-
lﬁ determines the position of the floats, and
therefore the position of valve 59 with respect
to fluid passage 63 leading into the pump
chamber. '

" Increasing depression at the throat of the
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urpose of the described operation of -
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air to the engine, results in increased delivery
of fuel from reservoir F to the depression
chambers, with the resultant raising of the
floats thérein with valves 59 to permit the
increased amounts of fuel delivered to be
taken into the pump chambers. However, it
is readily’ apparent that should it be desired
to accelerate the engine from idling speed to
Tull speed, the fuel to provide for such in-
creased speed must instantly be available for
pumping into the engine cylinders, and also
that valves 59 must instantly be positioned to
permit the flow of that amount of fuel to the
pump. The procedure of drawing fuel from
the reservoir F into the depression chamber

- and thereby causing valve 59 to rise to permit
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greater intake of fuel to the pump, normally
would be too slow to effect immediate fuel
delivery to the pump as soon as the throttle
valve 17 is swung to its wide open positicn.
Instead, therefore, of depending upon the
increase in fuel delivery to the depression
chamber to position the float and valve when
acceleration is required, I have, by virtue of
the particular float and air valve structure

described, enabled the flodt to be positioned
in accordance with the depression brought

about within the depression chambers, said
depression in turn, being in proportion to the
amount of fuel required by the pump. When
depression is applied to chambers 34 and 84=
by way of line 27, it is clear that the pressure
upon-the liquid body 57° in each of the floats
is comparatively greater due tothe connection

5 of the interior of the floats with bore 66 and

opening 69 as described. Thereupon liquid
from within the float interior chamber 57°
flows through opening 70 into the depression
chamber as indicated by arrow A in Fig. 4,
with the result that the float is caused to raise

and carry with it the liquid control valve 59.

The amount of liquid displaced from the float
is, of course, dependent upon the amount of

‘the depression, and in addition, the extent to
5 which the comparatively greater pressure in

bore 66 and above the liquid level in the float

is modified by taking air from bore 66 through

opening 71 into the depression chamber as
previously described. '

Now in order to prevent a great amount of
depressioni suddenly applied to the chamber,
from causing the complete removal of fuel
from the float, T have provided the air valve

_ arrangement described in order that at a pre-

™
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determined pressure differential on the up-
per and under faces of the air valve, and
therefore corresponding to a predetermined
point in the raising of the float, the depression
is modified to such an extent that further
displacement of fuel from the float is pre-
vented. Thus, assuming that such depres-
sion is suddenly applied to chamber 34, the
air valve 76 raises to permit the passage of air
from bore 66 into space 75 and thence from

8

bore 74 into the depression chamber. At this
point, there is comparatively free access of
air from bore 66 through the valve port 72

into the depression”chamber and as a result,.

the difference in depression between chamber
34 and the float chamber 57° becomes limited
to such an extent that further discharge of
liquid from the float. chamber is prevented.
Thus while the air throttle valve is in opén
position and the engine is running at high
speed, the air valve. 76 may be continuously
open to permit. the required amount of air
to flow into the chambers to limit the de-
pression therein. Inasmuch as the interiors
of both floats 57 and 572 are in communication
at all times, as well as the depression chamber
34 and 34* by way of opening 35, it is read-
ily seen that movement of floats 57° is accom-
panied by simultaneous and corresponding
movement of the other float and therefore it
Is unnecessary to provide a second by-pass aji.-
valve arrangement for chamber 342,

Further modifications of the depression
existing within the depression float chambers
may be effected by -use.of the auxiliary air
control valve 30 operating in conjunction
with the throttle valve 17. In numerous in-
stances it is desirable that the combustible
mixture supplied to the engine be relatively
rich at idling and slow speed, and that the
mixture be relatively lean at intermediate
speed. Thus at closed and opened positions
of the throttle valve 17, the arms 812 and 31,
respectively, of the auxiliary valve serve to
close the opening 24 (see Fig. 7) to the end
that the full depression at the front of the
venturi is transmitted to the depression
chamber to effect the delivery of fuel from
these chambers to the pump as described. At

intermediate speeds, conditions prevail ac-.

cording to the illustrated positions of the
auxiliary valve, that is, air is by-passed from
the inlet I to the depression chamber by way
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of passages 28 and 26 causing modification of

the depression,” and correspending modifi-
cation of the fuel delivered to the pump in
proportion to the main supply of air to the
engine,

¥rom the described portions of the system
for supplying fuel to the pump for-delivery
to the engine, it will be seen that the meter-
ing of fuel in accordance wita the require-
ments of the engines takes place initially in
the fuel supply chamber F, it being consid-
ered that the amount of fuel delivered from
the supply chamber to the depression cham-
ber is at all times the amount required by the
engine. The float control valve in the de-
pression chamber then may be considered as
secondary means for metering fuel from the
depression chamber to the pump. Obviously
the delivery of fuel from the depression
chamber to the pump must be in accordance
with the delivery from the supply chamber
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to the depression chamber. The float and
valve arrangement tends automatically to

‘bring about the proper delivery to the pump

in that, for instance, should the engine speed
‘decrease and the amount of fuel delivered to

"the depression chamber correspondingly de-

creass, the float controlled valves would grad-
ually lower in a closing direction due to the
lowering of the fuel level in the chambers.
And the resultant liquid level in the chambers
would be that at which the amount of fuel
being delivered to the pump would equal that
being put into the chambers from the sup-
ply reservoir. The converse of this operation
would take place should the engine speed
increase instead of decrease. '

It may be stated at this point, that T do
not restrict the invention to the use of the par-
ticular type of fuel supply reservoir illus-
trated. In the operation of certain types of
engines, for instance Diesel engines, wherein
constant intake of air to the engine is main-
tained at all times, it may be desired to ef-
fect the delivery of fuel to the depression
chamber by means other than the present sup-
ply chamber, as in such operation where it is
found advantageous to meter the fuel inde-
pendently of the air intake by direct delivery
from an engine controlled fuel pump, or by
similar means.

Communication is &stablished between the
air inlet X and the space above the liquid level
in the fuel reservoir F and also the air inlet
opening 69 by means of a compensating line
80. By the provision of this line it will be
seen that an air filter or any other attach-
ment be applied to inlet I which would at-
tempt to cause a depression in the inlet below
atmospheric pressure, that depression is com-
pensated in that constant relative pressure

conditions are maintained between the reser- P

voir, opening 69, and the air inlet I regard-
less of obstructions to flow. of the air before
it enters the inlet. It is an additional advan-

tage that vapors from the fuel reservoir are
“ vented to the air inlet instead of to the at-

mosphere. ‘
A pair of vertical plunger bores 81 are pro-

vided in the pump body 33, these bores con-..

taining the pump plungers 82. The plungers
have enlarged heads 83 within correspond-
ingly enlarged bores 84, coaxial with the

plunger bores 81, the plungers being con-

stantly urged upwardly by springs 85 con-

fined between the plunger heads and the lower

end of bores 84. The upper portion of the
pump body is shaped to provide a box 86 in
the ends of which a horizontally extending

‘cam shaft 87 is journaled. This shaft carries

cams 88 and 88%, the relative positions of the
cams being determined in accordance with
the timing given the plungers for their com-

‘pression strokes.

The plunger heads 83 each are provided
with vertical groove 89 in which a pin 90

62 prefera
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terminates, the purpose of the pin and groove
arrangement being to prevent turning of the
plunger during operation. Horizontally ex-
tending bores 92, communicating with the
plunger bores and the depression chambers,
are provided in order that fuel leaking up-
ward around the plungers during their down-
ward compression strokes, may drain through
bores 92 back into the depression chambers.

Each plunger bore opens at its bottom into
a horizontally extending pump chamber 62,
closed at its outer end by means of plugs 62
and communicating at its inner end with the
fuel passage bore 63. The size of chamber

%)ly is such that it will contain a
volume of fuel greater than is required to be
delivered at any time by the pump. Reverse
flow of fuel from chamber 62 into the intake
passage 63 is prevented by check valve 94 in
the inner end of the chamber. Discharge
from chamber 62 into the fuel line 11 is
effected by way of passages 95 and 95* in the
pump body and in bushing 96, respectively,
the fuel line terminating in the latter. A
second check valve 97 serves to prevent the
flow of fuel from line 11 back into the pump
chamber. :

In the operation of the pump, it is seen that
as a plunger 82 is urged upwardly on its suc-
tion stroke by means of spring 85, fuel is
drawn from the depression chamber into
pump chamber 62 during this operation in
amount according to the position of valve 59.
The plunger being urged downwardly on its
compression stroke by cam 88, valve 94 closes
and check valve 97 opens to permit fuel to
discharge into line 11.

The injector valve J is mounted upon the
engine head above cylinder C and, as will
later be seen, serves to discharge fuel under
ressure from line 11 into the cylinder. It
will be understood that the illustrated type of
injector valve is merely typical of numerous
devices of this general nature that may be
used for injecting the liquid fuel into the
cylinders, and therefore the invention is not
to be considered as limited to the use of this
particular form of injector valve. The valve
is provided with a bedy 98 threaded into the
gn ine head at 98¢, there being formed in the

0
bores 99 and 994, the latter terminating at its

a pair of vertically extending coaxial .
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lower end in an orifice 100. The injector -

valve body has a horizontally 'extending bore
101 communicating at its innér end with bore

99 and at its outer end with the fuel supply '

line 11 which terminates within bushing 98".
A flexible diaphragm 102 is confined between
the cover 98° of the injector valve and its
body 98, a head 103 being centrally mounted
on the diaphragm. Needle valve 104 is
threaded into the lower end of head 103 and
depends therefrom through bores 99 and 99°
to seat in the orifice 100. The head and there-
fore the needle valve are urged downward by
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means of springs 105 confined between the>

head and body cover 98¢. It wiil be noted

~ that the diaphragm is spaced from the body

[54]
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and cover at 106 and 107 respectively, and
therefore is adapted to yield upwardly when
the fuel pressure is applied to its lower face,
to permit needle valve 104 to rise and sim-
ilarly to yield against the downward thrust

~of spring 105 when said fuel pressure is re-

leased to permit the needle valve to seat.
. In considering the operation of the pump

" in conjunction with the injector valve it will

i5

‘20

33

40

be noted that upon downward. movement of
the plunger upon its compression stroke, the
charge in chamber 62 is compressed causing

check valve 97 to open, and fuel to be dis.

charged under ‘pressure into line 11. Since
this Iine is filled with liquid fuel, practically

-simultaneous with the opening of check valve

97, the pressure developed in line 11 acting
upon diaphragm 102 is sufficient to raise the
needle valve 104 from its seat and to permit
fuel to be discharged through orifice 100 into
the engine cylinder.. When the pump. plun-

5 ger has reached the end of its compression

stroke, the pressure on the under side of the
diaphragm becomes insufficient to counter-
act the thrust of spring 105, and the needle

valve 99 therefore is returned to its seating

position to close the intake of ‘fuel to the
cylinder.

The cam shaft 87 may be driven by suitable
connection with the engine, the drive being
typically illustrated by shaft 110 geared to
the engine crank shaft 111 at
the cam shaft at 118. The ratio of the speed
of the cam shaft to that of the engine crank
shaft is predetermined in accordance w.th
the particular type of engine used. That is,
injection of fuel into the engine may be
brought about during practically any prede-
termined -interval of the piston strokes by
timing the rotation of the cam shaft relative
to the engine crank shaft to cause the pump
plungers to deliver during the proper inter-
vals. ' ,

Because of the fact that the fuel may. be
discharged into the engine cylinders under
practically any desired pressure, and since
the period of discharge may be predeter-
mined to take place during any interval of
the engine piston stroke, the engine may be
operated under extremely high compression.
More specifically, fuel may be injected into
the cylinder during any interval of -the pis-

~ ton suction and/or compression stroke, and

60

in addition, the injection may be continued
into a portion of the firing stroke.
Reviewing generally the operation of the
system, it will be noted first that the fuel
(delivered to the pump or discharged to the
engine at any one time is determined in quan-
tity by the air requirements of the engine as
determined by the flow through the air regu-
lating device A. The metering of fuel in di-

112, and to~
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rect proportion to the amount of intake air
is, of course, modified by the action of the
auxiliary air controlled valve which, in turn,
is dependent upen the position of the throt.
tle, as described. Then, in accordance with
the flow through the air controlled device,
fuel is delivered from the reservoir I to the
depression chamber wherein it is held, along
with an auxiliary supply, for immediate de.
livery to the pump and ‘thence to the engine
in direct accordance with the requirements of
the engine. Finally, by accordingly timing
the pump and injector valve with the engine,
the latter may be permitted to operate un-
der practically any compression.

I claim:

1. In a charge feeding system for internal

80

combustion engines, means for delivering -

fuel to a pump supply chamber in amounts
according to varying requirements of the en-
gine, means for pumping fuel from said
chamber to the engine independently of the
air intake, and means for controlling the
amount of fuel supplied ‘to the pump from:
the chamber in accordance with the amount
of fuel delivered to said ‘chamber.

2. In a charge feeding system for internal
combustion engines, means for metering and
delivering fuel to a pump supply chamber
in accordance with the air intake of the en-
gine, means for pumping fuel from said
chamber to the: engine independently of the
air intake, and means for controlling the
amount of fuel supplied to the pump from

‘the chamber in accordance with.the amount

of fuel delivered to said chamber.
3. In a charge feeding system for internal

.combustion engines, s pump supply cham-

ber, a pump for delivering fuel from said
chamber to the engine, means for metering
and delivering fuel to the chamber in ac-
cordance with the ‘varying requirements of
the engine, and means for controlling the
amount of fuel supplied to the pump from
said chamber in accordance with the amount
of fuel delivered to said chamber.

4. In a charge feeding system for internal
combustion engines, a pump supply cham-
ber, a pump for delivering fuel from said
chamber to the engine, means for metering
and delivering fuel to the chamber in ac.
cordance with the varying requirements of
the engine, and a float controlled valve for
regulating the amount of fuel pumped from
sald chamber to the engine.

5. In a charge feeding system for internal
combustion engines, a pump supply float
chamber, a pump for delivering fuel from
said chamber to the engine, means for sup-
plying fuel to the chamber in accordance with
the amount of air taken into the engine, and
a float controlled valve: for regulating the
flow of fuel from the chamber to said pump.

6. In a charge feeding system for internal

combustion engines, a pump supply depres-

!
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sion chamber, a pump for delivering fuel
from said chamber to the engine, means for
supplying fuel to the chamber in accordance
with the amount of air taken into the engine,
and a float and depression controlled valve
for regulating the flow of fuel from the cham-
ber to said pump.

7. In a charge feeding system for internal
combustion engines, a fuel pump for each en-
gine cylinder, a fuel supply chamber for each
pump, a float controlled valve in each cham-
ber for regulating the flow of fuel from said
chambers to the pumps, and means for feed-
ing fuel to the chambers in accordance with

" the requirements of the engine.

8. In a charge feeding system for internal
combustion engines, a fuel pump for each en-
gine cylinder, a plurality of fuel supply cham-
Ders, one for each pump, float controlled
valves for regulating the flow of fuel from
said chambers to the pump, and means for
feeding fuel to the chambers in accordance
with the requirements of the engine.

9. In a charge feeding system for internal
combustion engines, a fuel pump for each
engine cylinder, a plurality of fuel supply de-
pression chambers, one for each pump, float
and depression controlled valves for regulat-
ing the flow of fuel from said chambers to
the pumps, and means for feeding fuel to
the chambers in accordance with the require-
ments of the engine.

10. In a charge feeding system for internal
combustion engines, a fuel pump for each
engine cylinder, a fuel supply chamber for
each pump, a float controlled valve in each
chamber for regulating the flow of fuel from
said chambers to the pumps, and means for
feeding fuel to the chambers in accordance
with the amount of air taken into the engine.

11. In a charge feeding system for internal
combustion engines, an air inlet having a
restriction, a constant level fuel reservoir, a
fuel injection pump, a pump supply chamber,
means actuated by the depression at the air

passage restriction for delivering fuel from -

said reservoir to the supply chamber, and a
float valve for controlling the amount of
fuel supplied to the injection pump from said
chamber.

12. In a fuel injéction system for internal

combustion engines, an air intake passage
having a restriction, a constant level fuel sup-
ply reservoir, a depression float chamber com-
municating with the supply reservoir and
with the air intake passage at said restricted
portion, means for delivering fuel from the
supply reservoir to the depression chamber,
a fuel pump adapted to take fuel from the de-
pression chamber and to introduce such fuel
to the engine, and a float controlled valve for

“regulating the delivery of fuel from the de-

pression chamber to the pump in accordance
with the amount of fuel delivered to the de-
pression chamber from the supply chamber.
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13. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, a constant level fuel sup-
ply reservoir, a depression chamber com-
municating with the supply reservoir and
with the air intake passage at said restricted
portion, a fuel pump adapted to take fuel
from the depression chamber and to intro-
duce such fuel to the engine, a valve for
regulating the delivery of fuel from the de-
pression chamber to the pump, and means
for controlling the position of said valve in
accordance with the depression at said re-
striction in-the air passage.

14. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, a constant level fuel sup-
ply reservoir, a depression float chamber com-
municating with the supply reservoir and
with the air intake passage at said restricted
portion, a fuel pump adapted to take fuel

from the depression chamber and to introduce.

such fuel to the cngine, a float in the depres-
sion chamber, a valve controlled by said float
for regulating the delivery of fuel from the
depression chamber to the pump, and means
for controlling the position of said float rela-
tive to the fuel level in accordance with the
depression at said restriction in the air pas-
sage. ,
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15. In a fuel injection system for internal .

combustion engines, an air intake passage
having a restriction, a constant level fuel sup-
ply reservoir, means for feeding and isolating
fuel from the supply reservoir in accordance
with the depression at the air passage restric-
tion, a depression float chamber communicat-
ing with the supply reservoir and with the air
intake passage at said restricted portion, the
fuel isolated from the supply reservoir, be-
ing delivered to the depression chamber, a
fuel pump adapted to take fuel from the de-
pression chamber and to introduce such fuel
to the engine, and a float controlled valve for
regulating the delivery of fuel from the de-
pression chamber to the pump.
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~ 16. In a fuel injection system for internal

combustion engines, an air intake passage
having a restriction, a constant level fuel

- supply reservoir, means for feeding and iso-

lating fuel from the supply reservoir in ac-

cordance with the depression at the air pas-.

sage restriction, a depression float chamber
communicating with the supply reservoir
and with the air intake passage at said re-
stricted portion, the fuel isolated from the

"-supply reservoir being delivered to the de-

pression chamber, a fuel pump adapted to
take fuel from the depression chamber and
to deliver such fuel to the engine, a float
controlled valve for regulating the delivery
of fuel from the depression chamber to the
Eum% and an injector valvé for introducing
uel from the pump into the engine.
~ 17. In a fuel injection system for internal
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combustion engines, an air intake passage
having a restriction, a constant level fuel

_supply reservoir, a plurality of depression

float chambers, one each for each engine cyl-
inder, said depression chambers communi-
cating with the supply reservoir and with the

a fuel pump having a plurality of pumping
chambers, each communicating with one each
of the depression chambers, the pump be-
ing adapted to discharge fuel from said
pumping chambers to the engine cylinder,
and a plurality of float controlled valves for
regulating the delivery of fuel from the de-

ression chambers to said pumping cham-

TS. - . o

18. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, a constant level fuel
supply reservoir, a plurality of depression
float chambers, one each for each engine cyl-
inder, said depression chambers communi-
cating with the supply reseryoir and with the
air intake passage at said restricted portion,
a fuel pump having a plurality of pumping
chambers, each communicating with one
each of the depression chambers, the pump
being adapted to discharge fuel from said
pumping chambers to the engine cylinders, a
plurality of valves -each controlled by one
each of the floats in said depression cham-
bers for regulating the delivery of fuel from
the depression chambers to the pumping
chambers, means for controlling the position
of one of said floats relative to the fuel level
in ‘accordance with the depression at said

restriction in the air passage, and means for’

automatically adjusting the remaining floats
in accordance with the first positioned float.

19. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, a constant level fuel
supply reservoir, a vertically extending block
within the reservoir, said block having a pair

. of vertical passages, one .of said passages

communicating with the reservoir at a point
below the normal liquid level and with the
other passage at a point above the normal
liquid level, a depression chamber communi-
cating with the last mentioned passage and
with the air intake passage at said restricted
ortion, and a fuel pump adapted to take
el from the depression chamber and to
introduce such fuel to the engine independ-

-ent of the air feed thereto.

20. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, a constant level fuel
supply ' reservoir, a vertically extending
block within the reservoir, said block having

. g pair of vertical passages, one of said pas-

sages communicating with the reservoir at a

point below the normal liquid level and with
the other passafe by way of an:opening
above the norma

: I

liquid level, means for ab- -

9

-normally raising the liquid level, in the res-

ervoir to a point above said opening during
substantially idling speed operation of the
engine, a depression chamber communicat-
ing with the last mentioned passage and with
the air intake passage at said restricted por-
tion, and a fuel pump adapted to take fuel
from the depression chamber and to intro-
duce such fuel to the engine independent of
the air feed thereto. '

21. In a system of the character described,

a constant level fuel supply reservoir con-

taining a float, a fuel inlet to the reservoir,
a pair of vertically extending fuel passages
in said reservoir, one of said passages com-
municating with the reservoir at a point be-
low the normal liquid level and with the
other passage by way of an opening above
the normal liquid level, means for apply-
ing depression to the last mentioned passage
to draw fuel from the reservoir through said
opening, and yielding means adapted to sub-
merge said float in the fuel abnormally dur-
ing comparatively slow delivery of fuel from
the reservoir to cause the liguid level to rise
above said opening, said means becoming
substantially ineffective during compara-
tively rapid delivery of fuel from the reser-
voir. - : .
22. In a fuel injection system for internal
combustion engines, an air intake- passage
having a restriction, fyel supply means, a de-
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pression chamber communicating with said

supply means and with the intake passage
at said restricted portion, a vertical valve
stem in the depression chamber and having
on its lower end a valve: vertically recipro-
cable in a bore in the bottom of said chamber,
a float mounted on said valve stem, a trans-
verse passage in the bottom of said chamber

_intersecting said bore and communicating

with the chamber interior, and a pump
adapted to take fuel from said passage for

“delivery to the engine.

28. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, fuel supply means, a

-depression chamber communicating with said’

supply means and with the intake passage at
said restricted portion, a vertical valve stem
in the depression chamber and having on its
lower end a valve vertically reciprocable in
a bore in the bottom of said chamber, a float
mounted on said valve stem, a transverse pas-
sage in the bottom of said chamber intersect-
ing said bore and communicating with the
chamber interior, and a pump adapted to take
fuel from said passage for delivery to the en-
gine and means for controlling the position
of said float with respect to the liquid level in
the depression chamber in accordance with
the amount of depression existing therein.

-24. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, fuel supply means, a de-
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pression chamber commuxiicating with said
supply means and with the intake passage
at said restricted portion, a vertical valve

‘stem in the depression chamber and having

on its lower end a valve, vertically recipro-
cable in a bore in the bottom of said cham-
ber, a float mounted on said valve stem, said
float having a liquid displacement chamber
communicating with the liquid body in the
depression chamber, means (tlor admitting air
from outside the depression chamber to said
float displacement chamber ; a transverse pas-
sage in the bottom of the depression cham-
ber and intersecting said bore and cornmuni-
cating with said liquid body, and a pump
adapted to take fuel from said passage for de-
livery to the engine.

. 25. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, fuel supply means, a de-
pression chamber communicating with said
supply means and with the intake passage
at said restricted portion, a vertical tubular
valve stem in the depression chamber and
having on its lower end valve means for con-
trolling the flow of fuel from the depression
chamber for delivery to the engine, the upper
end of said stem extending within a guide
bore in the depression chamber top, a float
mounted on said valve stem and having a
liquid displacement chamber communicating
with the stem bore and with the liquid body

-in the depression chamber, a transverse bore

in the depression chamber top and communi-
cating with said guide bore above the upper
end of the stem and with the valve stem in-
terior, an air inlet for admitting air to the
transverse bore, and a comparatively re-
stricted opening between said transverse bore
and the depression chamber.

26. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, fuel supply means, a de-
pression chamber communicating with said
supply means and with the intake passage
at said restricted portion, a vertical tubular

. valve stem in the depression chamber and

-60
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having on its lower end valve means for con-

-trolling the flow of fuel from the depression

chamber for delivery to the engine, the upper
end of said stem extending within a guide
bore in the depression chamber top, a float
mounted on-said valve stem and having a
liquid displacement chamber communicating
with the stem bore and with the liquid body in
the depression chamber, a transverse bore in

- the depression, chamber top and communi-

cating with said guide bore above the upper

end of the stem and with the valve stem in-’
terior, an air inlet for admitting air to the.

transverse bore, a comparatively restricted
opening between said transverse bore and the
depression chamber, & passage communicat-
ing with said transverse bore and the depres-
sion chamber, and valve means in said pas-
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. sage adapted to permit air to flow from said

air inlet into the depression chamber only,
when the amount of depression therein
reaches a predetermined value.

27. In a fuel injection system for internal
combustion engines, & pump supply float
chamber, means for delivering fuel to said
chamber, a pump having a compression cham-
ber adapted to receive fuel from said float
chamber, a float controlled valve for regu-
lating the flow.of fuel from the float cham-
ber to the pump chamber, a fuel delivery line
from said pump chamber to the engine, valve
means preventing reverse liquid flow between
said chambers, and valve means preventing
Equid flow from said line to the pump cham-

er.

28. In a fuel injection system for internal
combustion engines, a pump supply float
chamber, means for delivering fuel to said
chamber, a pump having a compression
chamber adapted to receive fuel from said
float chamber, a float controlled valve for
regulating the flow of fuel from the float
chamber to the pump chamber, a fuel deliv-
ery line from said pump chamber to the en-
gine, valve means preventing reverse liquid
How between said chambers, valve means pre-
venting liquid flow from said line to the pump
chamber, and an injector valve in said line
for injecting fuel into the engine at predeter-
mined pressure.

29. In a fuel injection system for internal
combustion engines, an air intake passage
having a restriction, a constant level fuel
supply reservoir, a depression float chamber
communicating with the supply reservoir
and with the air intake at said restricted
portion, a pump having a compression cham-
ber adapted to receive fuel from said float
chamber, a float controlled valve for regu-
lating the flow of fuel from the float cham-
ber to the pump chamber, a fuel delivery line
from said pump chamber to the engine, valve
means preventing reverse liquid flow between
said chambers, valve means preventing lig-
gid flow from said line to the pump cham-

er. :

30. In a fuel injection system for internal
combustion engines, a plurality of pump sup-
ply float chambers, one each for each engine
cylinder, means for delivering fuel to said
chambers, 2 pump having a plurality of com-
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pression chambers, one each for each float .

chamber and adapted to receive fuel from
the float chamber, float controlled valve
means for regulating the flow of fuel from
the float chambers to said pump chambers,
a plurality of fuel delivery lines each ex-
tending from one each of the pump chambers

_to one each of the engine cylinders, valve

Ieeans preventing reverse liquid flow between
the chambers, valve means preventing liquid
flow from said lines to the pump chambers,
pump plungers for compressing fuel in each
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of said pump chambers, & pump shaft driv-
ingly connected to the engine, and cam means
on said shaft for actuating the pump plung-

‘ers in timed relation with the engine,

31. In a charge feeding system for inter-
nal combustion engines, an air inlet having

a restriction, a fuel reservoir, a fuel injec- .

tion pump, a pump supply chamber, means
controlled by the depression at the air pas-
sage restriction for delivering fuel from said
reservoir to said supply chamber, and means
for delivering fuel to said pump in accord-
ance with the amount of fuel delivered to said
chamber from the fuel reservoir.

32. In a charge feeding system for internal
combustion engines, an air inlet having a re-

striction, a fuel reservoir, a fuel injection

pump, a pump supply chamber, means con-
trolled by the depression at the air passage
restriction for delivering fuel from said. res-
ervoir to said supply chamber, means for
delivering fuel to said pump in accordance
with the amount of fuel delivered to said
chamber from the fuel reservoir, and means

for injecting the pumped fuel into the en- -

gine under predetermined pressure and in
timed relation with the engine operation.

In witness that I claim the foregoing I
have hereunto subscribed my name this 18
day of October, 1928,

ROY F. ENSIGN.
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