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11 Claims.

Internal combustion engines require a richer
mixture during acceleration than is needed for
steady running, and it is known to provide them

with an accelerator pump, which, when the throt-.

tle valve is opened suddenly for purposes of. ac-
celeration, opens & valve to permit a supplemen-
tary flow of fuel to the engine through a nor-
mally~closed conduit., One known form of ac-
celerator pump comprisés a chamber filled with
liquid and communicating ‘through a restricted
orifice with a space fillled with liquid, two of the
"~ walls of sald chamber being constituted by mov-
able pistons, diaphragms or the like, one of which
is linked to the normally-closed valve and the
other of which is linked to a lever or the like
for actuating the throttle valve, and is arranged
to be moved outwardly when the throttle valve
is opened. When the throttle valve is opened
suddenly to accelerate the engine, the partial vac-
uum in the chamber is relieved by inward move-
ment of the other piston or diaphragm against
a controlling spring, which movement opens-the
valve to enrich the mixture, by the extra fuel
supplied through the supplementary conduit,
the second piston or diaphragm closing the valve

~

10

15

2
fuel pump for delivering fuel to the engine, means
for controlling the delivery of said fuel pump,
and an accelerator- pump comprising a cylinder
containing a pair of pistons or the like, one of

‘which is linked to the throttle lever or equiva- -

lent throttle actuating device, and the other of
which is normally biassed by a spring or the
equivalent to a datum position and coupled to
said delivery controlling ineans and effective to
enrich the mixture when moved against its spring,
the -space between the pistons ‘being filled with

liquid and communicating by way of a restricted

orifice with a supply of said liquid, the arrange-
ment being such that displacement of the first
piston consequent upon sudden accelerating
movement of the throttle lever causes, by virtue
of the restricted flow of liquid through said orifice,
a sympathetic movement of the 'second piston

- against its spring to effect temporary enrich-

.20

ment of the mixture.
Thus the first piston may, dunng periods of

" acceleration, execute a suction stroke, and cause

25

again when suficient liquid to fill the chamber ..

has'leaked into it through the orifice. 'Systems
of this character, however, are subject to dele-
terious effects as the result of sticking or leak-
ing of the valve.

The present invention provides a fuel injection
system for an internal combustion engine, com-
prising an accelerator pump arranged to effect a
temporary augmentation of the main fuel supply

.on sudden opening movement of the throttle
valve. By the expression “fuel injection system”
is to be understood a system in which the fuel is
‘Injected into the induction system at a pressure
_ higher than that prevailing in the system at the
point of injection. The expression thus excludes
systems involving the use of & suction carburetter.

The invention also provides a fuel injection
system for an internal combustion engine com-
prising mixture control means for varying the
fuel/air ratio of the mixture supplied to the

. engine, a servo mechanism responsive to induction
- pipe pressire for adjusting said mixture control
means to vary the fuel/air ratio as a desired func-
tion of induction pipe pressure, and an acceler-
.ator pump which is effective, on sudden opening
of thé throttle valve, to effect an overriding ad-
justment of the mixture control means to pro-
. vide a temporary enrichment of the mixture.

- In the preferred arrangement according to the
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the second piston to be sucked into the cylinder
against its spring, and remain there until suf-
ficient liquid has leaked mto the space between
the pistons.

The second piston may be arranged to enrich
the mixture, when displaced against its spring,
by varying the effective stroke of the injection-
pump. Alternatively it may be arranged to con-
trol a metering orifice through which the fuel
is fed by said pump.

Forms of fuel injection system according to
the invention as applied to an aircraft engine will
now be described in detail, by way of example,
with reference fo the accompanying drawings
in which:

Fig. 1 is a diagrammatic showing of the com-
plete installation, -

Fig. 2 is an enlarged view showmg, also dia-
grammatically but in greater detail, the acceler-
ator pump and associated mechanism for vary-
ing the fuel flow of the arrangement of Fig, 1,

Fig. 3 is a diagram, similar to Fig. 2, showing a
second embodiment.

Pig. 4 is 4 diagrammatic view of part of an
installation, similar to Fig. 1, but in which the .
rate. of flow of fuel to the engine is varied by *
controlling the delivery stroke of a fuel pump.

‘Like reference characters indicate like parts
throughout the figures.

Referring first of all to Fig. 1, air is fed to the
engine along the induction pipe {0 by an en-
gine-driven supercharger 11, the flow of air be-

invention, the ‘fuel injection system comprises a 66 ing controlled by a throttle valve 12,
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:To the pilot’s throttle lever 43 is fixed o. three-

armed lever 4 rotatable about a pivot 15. The

arm 16 of the lever 14 is connected, by a link :

11, to the controlling cam of a variable datum
boost control device 8. ' This is not illustrated
in detail, because its action is fully described in
U. S. Patent No. 1,995,800. The piston rod 19
of the servo piston of the boost control device
acts on the throttle valve 12 in the well known
‘manner through the agency of a toggle linkage
20 connecting the th—ottle valve and the arm 21
of the three-armed lever (4. This arm 2( is also

10

connected, by a link 22 to a cam 23, which pivots .

about the centre 24. This cam forms the subject
of my copending application Serjal No. 550,831

16

and its function is described below. The third

arm 25 of the lever 14 is connected to the upper

piston 26 of an accelerator pump 21.

- Fuel is fed to the induction pipe by an engine-
driven fuel pump-100, along a pipe 28 terminating
in an injection nozzle 29. -'The rate of flow of
fuel through the -pipe is varied by a metering
valve 30 under the joint control of the accelerator

pump 27 and cam 23. The position of the meter-

.. ing valve 30 is also subject.to changes in boost

pressure, inductiori temperature and exhaust,

" back pressure, as later described.

" The lower piston 31 of the accelerabor pump is_

normally maintained by a spring 32 af the bot-
tom of the pump-cylinder and in contact with

stop 131, and is formed with a restricted orifice -
A by-pass conduit 34 connects
the upper and lower ends of the pump cylinder, .

33 (see Fig. 2).

and a pipe 35 communicating with the top of the
cylinder serves to maintain the latter full of
liquid and to compensate for leakage losses,
When the pilot’s throttle lever is in the slow
running position S. R., the three-armed-lever 14
occupies the position shown in full lines in Fig. 2,
When the pilot’s lever is moved suddenly to-
. wards the full throttle position P. T., the lever
- 14 moves to the chain-dotted position, and the
upper piston 26 of the accelerator pump is lifted.
The partial vacuum in the space between the
two pistons causes fhe lower piston 31 to rise
against its spring 32, the lower piston remaining
in the raised position: until the partial vacuum is
relieved by leakage of fluid through the orifice
A non-return valve 36 is
provided in the upper piston 26 -to allow escape
of fluid from between the two pistons during
movement of the pilot’s lever to decelerate.
The piston rod of the lower piston 31 is con-
nected to the right-hand end of a lever 31, the
other end of which is connected to a device for
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imposing a correction on the fuel supply for

changes in induction temperature.  This is con-
stituted by a Bourdon tube 38 connected by a
capillary tubé 38 with a thermometer bulb 40
. in the induction pipe §0 (see Fig. 1).
40 and tubes 38, 39 are filled with a liquid having
a high coeﬂiclent of expansion,

The lever 31 is connected intermediate its ends,
by a link &1, with the left-hand end of a lever
42, The other end of lever 42 is connected to

the piston rod of a servo piston 43, and via a.

link 61 and an arm 6’ to a cam 44 which {s ro-
tatable about the céntre 45. Intermediate the

ends of the lever 42 is pivoted a rod 46 connected -

to an aneroid device, consisting of a stack of
evacuated capsules 41 located in a chamber 49
exposed to boost pressure through a conduit 48,
. and a separate capsule 50 exposed internally to

_ exhaust back pressure through a conduit .51 com-
municating with the exhaust pipe 52 (see Fig. 1).

The bulb,

60.

o 4

The lower end of the double capsule stack 417, 50
is connected to a relay piston valve 53 of the dou-
bleland type, controlling communication between
the cylinder for the serve piston 43 and a pres-
sure inlet 54 and exhaust outlets 55. As will
readily be seen downward movement of the valve

- 53 results in upward movement of the servo pis-

ton 43 and upward movement of the valve 53
causes the piston 43 to move down, the lever 42
acting as a follow-up lever to restore the valve
53 to the neutral position. The position of the
piston 43 in its cylinder, and therefore the set-
ting of the cam 44 are thus determined by the
boost pressure, the induction temperature and
the ‘exhaust back pressure, Downward move-

"ment of the piston 43 causes the cam 44 to rotate

anti-clockwise to enrich the mixture as described
below. - .

‘A sudden movement of the p110t’s throttle lever
to-open the throttle will, by raising the lower pis-
ton 31 of the accelerator pump, cause a tem-
porary upward movement of the relay valve §3,
and therefore a temporary downward movement
of the servo-piston 43. The accelerator pump
thus overrides the capsule stack and .provides a
temporary enrichment of the mixture.

Against the cam 44 bears a roller 56 on one
end of a floating lever 81 connected at the other
end to a follower 58 which bears against the cam
23. Spring 159 (Fig. 1) maintains the roller 56

.and follower 58 in contact with cams 44 and 23

respectively. The lever 511is centrally connected
to the metering valve 30 (Fig, 1) by a link 59.
The cam 44 is so shaped that, as the servo piston
43 descends in its cylinder, the link 57 will be
rocked clockwise about its right-hand end, so
lifting the valve 30 to increase the flow of fuel
to the engine.

" The cam 44 is des1gned to give an economical
mixture over the range of cruising boost, but a
richer mixture at the higher boosts, the enrich-
ment amounting to say .35% at take-off boost.
The cam 43 has a concentric portion A which
gives a weak mixture at cruising boosts, but when
the pilot’s throttle lever is moved to a position
calling for power, the raised portion B of this cam
comes-beneath the lower end of the follower 58,
thus rocking the floating link 51 anti-clockwise
about its left-hand end to enrich the mixture, the
enrichment amounting to say 15% when the
pilot’s lever is in the full throttle position.

While, in the émbodiments illustrated, in Figs.
1 and 2, the link 59 is caused to vary the fuel/air
ratio by adjusting the area of the fuel metering
orifice defined by the valve 38, it may as an

" alternative achieve this result by varying the ef-

fective stroke of the fuel pump. Such an ar-
rangement is shown in Fig, 4. Here the area
of metering orifice 130 remains fixed and link 89
operates arm 269 to vary, in known and conven-
tional fashion, the effective stroke of a variable

' delivery fuel pump 200. The installation of Fig. ¢

65,

is otherwise identical with that of Fig. 1.
-In'the alternative arrangement shown in Fig. 3,
the accelerator pump, instead of being coupled

- directly to the servo valve §3, is applied between
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-the servo piston 43 and the cam 44, the lower

piston 31 of the accelerator pump acting on the
left-hand end of a floating link 60, connected at
its right-hand end to-the link 61 operating the
cam 44 and connected intermediate its ends, via
& link 62, to the piston rod of the servo piston 43.
In this case the lever 31 and link 4{ of Fig. 2
are dispensed with, and the Bourdon tube 38 -
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acts directly on the ﬁft-hand ‘end of the follow- :

- up lever 42,

-

What I claim as my lnvention and desire to
secure by Letters Patent is: :

1, A fuel injection system for an internal com-
bustion engine having a throttle valve,. compris-
ing means for supplying fuel and air to the en-
gine, mixture control means for. varying the
fuel/air ratio of the mxxtuxg supplied to the en-
gine, a servo mechanism Tésponsive to induction 1
pipe pressure for adjusting said mixture control

‘means to vary the fuel/air ratio as a desired fune- -

tion of induction pipe pressure, and an accelera-

‘tor pump which is effective, on sudden opening

of the throttle valve, to effect an overriding ad- 1
Justment of the mixture confrol means to provide
a temporary enrichment of the mixture.

2, A fuel injection system for an internal com-
bustion engine, comprising an injection nozzle, a
fuel pump for delivering fuel to said injection
nozzle, means for controlling the delivery of said
fuel pump, an accelerator pump comprising a

cylinder and a pair- of pressure-responsive mem--

bers in sald cylinder, a throttle<actuating device
linked to one of said pressure-responsive mem-

.bers, a biassing device for biassing the other pres-

sure-responsive member to a datum position and
a connection between said other pressure-re-
sponsive member and the delivery controlling
means arranged to enrich the mixture, by deliv-

' and a cam for transmitting moyement frOm the .

6

8ervo mechanism to the ‘mixture contro] means,
said cam' .determining the relationship between'
fuel/air ratio and boost pressure and said accel-
erator pump serving to effect bodily displacement -
of said capsules and control valve, :

/6. Afuel injection systemr as claimed in claim 1, .

in'which the accelerator pump is linked to a con-.-
trol valve associated with the servo mechanism.

- 7. A fuel injection system as claimed in claim 1,
comprising 8 linkage connecting the servo mech-
anism and the mixture control means, and an
operative connection between said linkage and
the accelerator pump.:

8. A tuel injection system for an internal com-.

‘ bustion_ engihe having a throttle valve and &

pilot’s lever for adjusting said throttle valve, com-
prising means for supplying fuel and air to the

. engine, mixture control means for varying the
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éry of additional fuel to said nozzle, on movement -

of said member against the biassing device, the
space between the pressure-responsive members
being filled with liquid and communicating by
way of a restricted orifice with a supply of said
liquid and displacement of the first pressure-re-
sponsive member .by sudden accelerating. move-
ment of the throttle-actuating member being ef-
fective to displace the other pressure-responsive
member agdinst its biassing device.

3. A fuel injection system for an internal com-
bustion engine, comprising an injection nozzle, a

" fue]l pump for delivering fuel to said injection

nozzle, means for controlling the delivery of said

~fuel pump, an accelerator pump comprising a

cylinder and a pair of pistons in said cylinder,’a
throttle actuating member linked to one of the
pistons and arranged to give it a suction stroke
during periods of acceleration, a spring for bi-
assing the other piston towards the associated
end of the cylinder, a restricted outlet from the
space between said pistons communicating with a

. supply of liquid which normally fills said space,

and a connection between said other piston and
the delivery controlling means arranged to en-

rich the mixture, by delivery of additional fuel

to said nozzle on movement of said other piston
against its biassing spring.

4. A fuel injection system for aircraft engines’

as claimed in claim 1, comprising capsules re-
sponsive to boost pressure and to exhaust back
pressure for controlling the servo mechanism, a
device responsive to induction temperature for
further controlling the servo mechanism and a
cam for transmitting movement from the servo
mechanism to the mixture control means, said
.cam determining the _relationship between
fuel/air ratio and boost pressure

5. A fuel injection system for aircraft engines
as. claimed in claim 1, comprising capsules re-
sponsive to boost pressure and to exhaust back
pressure for controlling the serve mechanism,
by operation of a control valve associated there-
with, a device responsive to induction tempera-

" ture for further controlling the servo mechanism

il
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fuel/air ratio of the mixture supplied to the en-
gine, a variable datum boost control device for
positioning ‘the throttle valve to maintain the
boost pressure.at-a value selected by said pilot’s
lever, mechanism operated by said control device
for adjusting said mixture control means to vary
the fuel/ajr ratio as a desired function of se- -
lected boost pressure, and means operated by said
pilot’s lever for effecting, on sudden rhovement of
said lever to select a higher boost, a temporary
overriding adjustment of said m1xture control
. means to enrich the mixture, - :
9. A fuel injection system for an intemal com-
bustion engine, having a throttle valve and a
pilot’s lever for adjusting said valve, comprising
an injection nozzle, a fuel pump for delivering
fuel to said nozzle, a metering orifice for con-
trolling the rate of supply of fuel to said nozzle, a
fuel control valve for controlling the effective

. area of said metering orifice, means responsive to
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induction pipe pressure for operating said fuel
control valve to vary the rate of flow of fuel to
said nozzle as a desired function of induction pipe
Pressure, and means operated by said pilot’s lever
for effecting, on sudden accelerating movement
of said lever, a tempo1 ary movement, of said fuel ’
control valve to increase the rate of flow of fuel
to said nozzle. .

10. A fuel injection system for an internal com-
bustion engine, having a throttle vaive and a
pilot’s lever for adjusting said valve, comprising
an injection nozzle, a fuel pump for delivering fuel -
to said nozzle, a metering orifice for controlling
the rate of supply of fuel to said nozzle, a fuel

control valve for controlling the effective area of .

said metering orifice, a variable datum boost con-
- trol device for pos1t1on1ng the throttle valve to
maintain the boost pressure at a value selected by
Said pilot’s lever, mechanism. operated by said
boost control device for adjusting said-fuel control
valve to vary the rate of supply of fuel to said -
nozzle as a desired function of boost pressure, and

- means operated by said pilot’s lever for effecting,

o5

on sudden movement of said lever to select a. -
higher boost, a temporary over-riding adjustment
of said fuel confrol valve to increase the rate of
~ flow of fuel to said nozzle. :

11. A fuel injection system for an mtemal com-

- bustion engine, having a throttle valve and a -

70
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pilot’s lever for adjusting said valve, compris-

ing an injection nozzle a fuel pump for deljver-

ing fuel to said nozzle, means for controlhng the
delivery of said fuél pump to vary the rate of
flow of fuel to said nozzle, a device responsive to
induction pipe pressure for adjusting said de-’

livery control means to vary the rate of flow of
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fuel as a desired function of induction pressure, .
and means operated by said pilot’s lever for
effecting, on sudden movement of said lever to
select a higher boost, a temporary overriding ad-
justment of said delivery controlling means to 5
increase the rate of flow of fuel to said nozzle,

: EDWARD DODSON.
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