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2 Claims,

This invention relates to electromagnetically
controlled fuel injection, and its general object is
to deliver automatically. a constant air-fuel ratio
under all operating ¢onditions of explosion en-
gines fed by electromagnetic fuel injection.

The mechanism of the present inventicn in its
jllustrated embodiment comprises in combination
a series of electromagnetic injectors, at least one
volumetri¢ fuel-pump for feeding liquid fuel to-
said injectors, s device for gauging the fuel-flow
placed as a bypass between the suction pipe and
the pressure pipe of said pump, means for adjust-
ing said gauging device through & pressure re-
sponsive instrument, and means which is con-
trolled by the engine’s speed for influencing the
electric circuit breaker which controls the ener-
gizing of the winding of the electromagnetic in-
jector.

The invention will now be described with ref-
erence to the attached drawings, giveh solely by
way of an example. :

Fig. 1 is a view, substantially diagrammatie, of
an embodiment of the device as applied to an ex-
plosion engine. .

Fig. 2 is a portion of Fig. 1, showing details.

Fig. 3 is g central section view of the electro-~
magnetic injector of Fig, 1. -

Fig. 4 is a longitudinal central section view of
the current distributor of Fig. 1; and Fig: 5is a
right end view of Fig. 4 with the cover plate
omitted. : '

. Flg 1 shows an electromagnetically controlled
n}Jector {, which may be one of & series, ener-
gized from battery {5 and supplied under pres-
sure from one or more fuel pumps 5, through -
pipes 8. Each injector may be constructed as in
Fig. 3, wherein the:solenoid winding 80, in circuit
with the battery or current source §5 can atiract
13he spring-resisted core 3f{ which pulls the in-
jector valve and rod 32 to open the valve and
cause each injection; the liquid flow and spring
pressure closing the valve when the coil circuit is
" broken. This construction is the subject of co-
pending applications, and is not herein claimed.

The pump 5 is preferably of the volumetric
type, for instance a gear pump, driven by the
engine M and, having consequently, a pump de-
livery proportioned to the engine’s speed. Be-
tween the inlet pipe 8 and outlet pipe § of said
pump extends a bypass passage back around the
pump and adapted to permit backflow of fuel not
passing to the valves f; and in this passage is ar-
ranged a eontroller 6 for varying the delivery, in- .
dependently of the pump speed. Pump § draws
the fuei from the tank 7 through the pipe & and 55
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sends it to the injector ! or to the series of in-
jectors feeding the various cylinders of the en-
gine. 'The bypass controller or valve € is varied
in its action by a pressure responsive device, as a
manometric Sylphon-capsule or bellows {8, the
interior of which is in constant communication by
a small pibe {! with the engine intake conduit 21,
leading to the usual inlet valves. The bellows de-
vice, thus responsive to intake pressure or suction,
controls the bypass 6 by means of a link (2, piv-

- oted to a iever 13, fulerumed at 13/, so as to reduce

the fuel volume flow, by discharging into the in-
let pipe 8 from pipe 8 in increased fraction of the

fue] pumped, with the decrease of the absolute

pressure of feed-air, 1. e. with the increase of
suction; and vice versa. ‘
The timing-of current distribution to the in-
jectors § may be by means.of & distributor {4 of
a type that contains means for varying the an- -
gular closing time of the contacts, as for instance
that shown in Figs. 4 and 5 containing features
disclosed in copending applications and not here-
in claimed. The distributor !4 has a shait 35
which is driven from and in time with the engine

_shaft and carries 2 cam 36 of shape fo swing a

contact arm 37 in proper coordination. The arm
carries an insulated contact 38 which is connected
by & conducting strip 39 to a terminal post £8.
The strip may be also a spring pressing arm 37 to
close contact 38 against an opposing contact 4.
The cam 36 therefore caus~s the confact 38 to
separate from and return to the contact 4, to
break and make the circuit. The contact a4
while relatively fixed is operatively adjustable, for .
which purpose it is mounted on an extension or’
ear 42 outstanding from an adjustably movable
plate 43. This plate may swing slightly and for
convenience is shown pivoted to the same stud or
pin 44 about which the contact arm 37 oscillates.
Adjustments of plate 43 and contact 41 are ef-
fected by an eccentric 45 on a shaft 46, the eccen-
tric occupying snugly a slot in the plate. ‘The
shaft 46 carries an arm 47 for effecting these ad-
justments, and this arm, as shown in Fig. 1, Is ad-
justably swung under control from the engine
speed so that the higher the speed the Jonger the
angular period of current flow in each cycle.
The electric cwrrent may- flow through the
circuit from battery 15, when the master switch
I8 is closed. A centrifugal regulator 7, driven
by the engine, operates through a lever 19 and

. link {8 to swingthe arm 47 of the distributor ia,

thereby to vary the angular period of closure of
the contacts in each cycle in direct relation to
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the speed of the engine which period is theretore .

made substantially constant in point of time.

It is manifest that if the angular timing of
" closure of the contacts remains constant at all
speeds, the actual timing, or period of time, varies
evidently in inverse ratio to the engine running
speeds; consequently in that case an increase
in speed of the engine increases also the fuel
pressure in the injectors, as the actual time dur-
ing which the injection is cperative diminishes,
“while the volume flow in the pump must increase,
the latter being of the volumetric type. There-
fore, while the fuel feed pressure is very low at
the start, it becomes very high at the highest
speeds of the engine; this causes an excessive
drop in the volumetric efficlency of said pump
(because the leakage increases in all existing
gaps and crevices), and causes also a rapid wear
of the pump (with consequent increase in said
gaps and leakage), resulting in a great reduction
in the flow factor of the injection nozzles and
a quicker erosion of the same (owing to the in-
crease of the discharge velocity), as well-as too

penetrating an Injection (causing the atomised

fuel to strike against the walls and build up large
drops) and a greater difficulty in keeping the
pipes and fixtures perfectly tight. These diffi-
culties it is an object of the present invention to
overcome.

The inclusion of a centrifugal govemor in the
present combination of elements substantially
eliminates all of the stated inconveniences, by
annulling their cause, namely the undue increase
in injection pressure. In fact, while the volu-
‘metric pump - provides automatically a volume
of fuel which is proportional to the engine’s
speeds, the centrifugal governor provides auto-
matically a way to maintain the time of injec-
tion substantially constant, so that the pressure
of the fuel also remains constant.

The device of this invention operates as fol-
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- lows: When changes in the engine’s speed (with

air throttle 20 constantly open) are imposed by
Ioad changes, as is the case with the power curve,
the amount of fuel and of air for each feed
stroke of the engine remain constant and there-
fore the fuel-air ratio remains constant -as
desired.

The slight decrease in the intake of air into
the cylinders which tunavoidably occurs on in-
creasing the speed of the engine, caused by the
increase of friction in the intake pipe 21, causes
in its turn a slight increase in the depression
in-sald inlet pipe and therefore also in the
manometric bellows or capsule {0, which respon-
sively shortens and, acting on the by-pass 6 of
the pump, causes its delivery to decrease.

When the changes in the speed of the engine
are brought about by changes in the volume of
feed-air, through the adjusting action of the
throttle 20, as the case may be when working
on the utilization curve, then the manometric
bellows 10 undergoes an extreme action, because
in this case the change in the depression is very

great. The more the throttle 20 is closed, the.

greater is the increase of the depression in the
intake pipe 21 and the shorter the capsule grows
and the more it opens by-pass 6 and decreases
the volume of fuel fed to the engine.

In a case where the engine is supercharged by
a compressor, the principles of the apparatus
remain unchanged; the responsive bellows is
subject both to depressions and to compressions,
‘which means simply that the range is more ex-

- tended of the variatiors of the absolute air
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-feedlng pressure. In order to fulflll the general

requirement that the entire range of variation in
the length of the bellows may cause in the dis-

-tributor the complete range of variation in the

length of time of contact closure, it is sufficient
that the bellows should he of proper dimensions
and properly adjusted for the purpose.
.Considering now the performance of the sys-
tem in -sudden changes of engine speed (acceler-
ations or decelerations) it should be noted that
upen a quick opening of the throttle, whereupon
the cylinders are immediately and completely
filled with air, the fuel feed tends to lag, as it
can only increase in consequence of the engine's
acceleration, that is; of the pump’s ‘and gover-
nor’s increase. in speed. But this lag is some-

"what reduced because the simultaneous decrease

of pressure in the intake pipe 21 is very sharp
and the bellows 10 acts fairly quickly to close
the by-pass 6. But this action is not wholly suffi-
cient and the acceleration will be rather doubt-
iul due to the excessive reduction of the ratio of
fuel to air.

In order to prevent this special drawback, -and
perfect the performance of the invention, it is
sufficient to connect to the pipe 8 feeding the
pumped fuel under a.certain pressure, an air-
tight chamber 22, shown in Fig. 2 as an inverted
vessel of liquid fuel, its lower end communicat-

‘ing with the pipe 9.. During the normal running

conditions the fuel in said chamber maintains
a certain level above which .there is a8 cushion of
compressed air at the same pressure. The ac-

tian of this refinement will now be explained.

_Supposing the engine to be running at slow
speed, on opening quickly the throttle, the air
inflow to the engine is complete and rapid as
stated above, and the reserve of fuel contalned
in chamber 22, urged by the air pressure above
it, feeds partly into pipe 9 and so provides the
fuel needed to allow the engine to accelerate suf-

‘ficlently to allow in turn the pump to increase

its delivery, while the automatic closure of the
by-pass helps out. When conditions become set-
tled the fuel reserve in chamber 22 refills auto-
matically and rapidly, affording a cushioned aux-
iliary supply.

If the air throttle be closed suddenly,, what
happens is that, while the feed of the alr ceases
immediately and almost completely, the pumped

- fuel goes on feeding in a large measure, as it

can decrease only in consequence of the engine's
speed deceleration, namely, by a decrease in the
speed of the pump and of the centrifugal gover-
nor. Such a condition is sufficiently offset by the
fact that the depression in the engine 2/ increas-
es very greatly, and the bellows quickly acts to
open in full the pump’s by-pass, almost annul-
ling the fuel feed.

Let us now consider the operation of chamber
22 when the engine Is stopped, and when it is
subsequently started. The stoppage of an engine

- with electromagnetic injection is exclusively ob-

tained by cutting-off the current from the injec-
tors. "At'this exact moment, the fuel pressure in
the piping 9 rises, because the injectors have
closed, while the pump goes on running awhile,
although at a decreasing speed. In the con-
nection from inverted chamber or flask 22 to the
pipe 9 is a cock 23 to cut off the communication.
Now, it at the instant the engine stops the cock
23 is closed, cutting off the communication of
chamber 22 with pipe 9, it will be possible to
keep stored in the chamber a quantity of fuel
under pressure; and this will prove useful for an
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easy restarting of the engine, even after a rather
long stop, and without any other outside help.
It will be sufficient to open at the proper moment
the cock 23 while the engine is running only slow-
ly, or is driven by the starting motor, and while
the pump has yet too small a.delivery for full
operation.

1t should be understood that the details of con-
struction, arrangement, design and application
of the invention may be varied in many ways
without thereby exceeding the scope of the in-
vention.

Having now described my invention and how
the same is to be carried out, what I claim as my
invention is:

3

substantially steady actual time duration of each
injection; an engine-driven volumetric fuel pump

- delivering by its pressure pipe to the series of
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1. Fuel injection apparatus for explosion en-

gines, comprising a series of valved fuel injectors’

for the engine cylinders, each electromagnetically
operable for timed quick opening and closing of
its valve, an engine-driven electric distributor
adapted for adjustably predetermining the angu-
lar timing and the duration .of opening of the
several injector valves, an engine-driven speed-
responsive regulating centrifuge device having
connection to the distributor for adjusting the
latter for regulation by the centrifuge of the an-
gular duration of each injection and arranged to
increase such angular duration with faster en-
gine speed and vice versa thereby to maintain a
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injectors, adjustable means associated with the
pump for modifying the rate of flow of pumped
fuel to the-injectors, and a pressure-responsive
capsule instrument in communication with and
operated from the air pressure in the engine in-
take for adjusting said fuel-flow-modifying
means and arranged to reduce the rate of fuel
flow to the injectors with decrease of intake air
pressure and vice versa; whereby the fuel in-
jected into each cylinder in each cycle is pro-
portioned substantially to the air inflow to main-
tain substantially steady the air-fuel ratio under
varying intake pressures and engine speeds.

2. In an explosion engine fuel injection appa-
ratus as in claim 1, a fuel passage extended lat-
erally from the pump pressure pipe, & closed fuel
reserve vessel to which said passage extends
adapted to contain compressed air above the re-
serve fuel therein, and a coek in said passage to
shut off and isolate said vessel and contained
fuel and air; whereby on stopping the engine
the cock may be closed to seal and confine under
pressure the liquid and air in the vessel, thereby
to provide initial fuel pressure by opening the
cock on restartmg the engine.
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