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16 Claims.

This invention relates to fuel-and-air controls
for internal-combustion engines and has for its

object to maintain the proper ratio between the .

mass of fuel and the mass of air admitted to the
cylinders of. the engine despite variations in the
density of the air in the induction system of the
engine. The invention is thus of particular ap-
plication to aircraft engines’ and, moreover, is
primarily concerned with engines of the kind in
which liquid fuel is delivered either to the cyl-
inders or into the induction system near the
cylinder-inlet ports by a metering pump driven
by the engine. Alternatively, the fuel may be
injected into the intake of a supercharging
blower.

In order tha.t the ratio between the mass of

[

10

fuel and the mass of air admitted to the engine
cylinder. shall have a predetermined value, it is -

necessary that the mass of fuel should be pro-
portioned in relation to the mass of the air taken
into the cylinder during the induction stroke of
the piston.

The mass of the -air taken into the cylinder
_depends upon the pressure and temperature of
the air supplied to the inlet ports and upon the
mass of residual gas remaining in the cylinder
from the preceding power stroke, which depends
upon the back-pressure against which the ex-
haust gases are discharged. This back-pressure,

for a given design of engine and exhaust system, 3

will depend upon the circumambient atmospheric
pressure.

According to one feature of the invention,
means for automatically maintaining a prede-

termined ratio between the mass of fuel and the :

mass of air admitted to the cylinder of an in-
ternal-combustion engine comprises a tempera-
ture-responsive device exposed to the air de-
livered to the cylinder, a pressure-responsive de-
vice exposed to the pressure of the air admitted
to the cylinder, a pressure-responsive device ex-
posed to the pressure of the circumambient at-
mosphere, and an operative connection between
the three said devices and means for adjusting
the fuel-to-air ratio,. whereby a predetermined
mixture strength is automatically maintained
despite the variables hereinbefore referred to.
The ratio between the mass of the residual gas
in the cylinder and the mass of fresh air ad-
mitted depends not only upon the pressure of

the circumambient atmosphere but also upon the.

pressure of the air admitted to the cylinder. The
pressure-responsive device exposed to ‘the at-
mosphere and referred to above is therefore pref-
erably exposed also to the pressure of the air

20

admitted to the cylinder so as to respond to the
diﬂ’erence between these pressures. 'The pressure

‘of the air admitted to the cylinder is not neces~
‘sarily equal to, and will ordinarily differ from
the atmospheric pressure,. particularly in the
case of a supercharged engine. The pressure of
the air admitted to the cylinder is hereinafter
termed the “boost-pressure.” The . temperature
of the air admitted to the cylinder is termed the-
“boost-temperature.” :

It is to be urderstood that the expression “a
predetermined mixture strength” does not neces-
sarily mean that the mixture strength remains
constant for all working conditions of the engine.
For example, it is found in aircraft engines that
a comparatively rich mixture is desirable for
idling conditions and for conditions of maximum
power, a weaker mixture being more suitable for
intermediate or cruising conditions. Moreover,
a control may be superimposed upon the auto-
matic control in order to weaken the mixture
during cruising conditions.

The degree of control required in respect of

“‘the residual gases is proportional to the unswept

volume or compression space of the cylinder

- whereas the degree of control required in respect
~ of variations in the boost-pressure is propor-
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a0

B

tional to the swept volume. The pressure-re-
sponsive device exposed to the difference be-
tween the atmospheric pressure and the boost-
pressure is therefore so arranged, according to
the invention, as to have an effect, in relation

‘to the degree of control exerted by the respon-

sive device exposed to the boost-pressure, which
is equal to the ratio between the unswept and
swept volume of the cylinder. Various means,
whereby the necessary difference between the ef-
fects of the two responsive devices is obtained,
are described below,

According to another feature of the invention,
a pressure-responsive device . exposed to-  the
boost-pressure ‘may also constitute the pressure-
responsive device of a servo-actuated throttle-
control in which a pressure-responsive device ex-
posed to the boost-pressure is connected through
a relay to the engine throttle-valve so that, for
a given datum-setting of the pressure-responsive
device, any departure of the engine boost-pres-
sure from a. predetermined value causes move-
ment of the device which, through the relay,
adjusts the position of the throttle-valve where-
by the boost-pressure is corrected. The corrected
boost-pressure acts upon the pressure-responsive
device to restore it and the part of the relay it
controls to their datum positions. The datum
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~ ternative to Figure 1 in which the apparatus in-

position of the pressure-responsive device. may
be adjusted by a manually-operated cam or
other means. Thus, for a given setting of the
cam, the serve-control maintains a definite
boost-pressure irrespective of the altitude at
which the engine is operating, for all altitudes up
to what is termed the “rated” aliitude at and
above which, at full-throttle, increase of altitude

will produce a drop of boost-pressure. s

According to another feature of the invention
movements of the pressure-responsive device
produced by changes of boost-pressure are traéns-
mitted to the means for adjusting the mixture
strength through 3 floating linkage.

According to another feature of the invention,
the said pressure-responsive device is connected
at one end to one member of the linkage and at
the other end, through a resilient connection
which provides lost-motion, to another member
of the linkage and an abutment ~bstructs the
movement of the said member when the datum
of the device is shifted so as to open the throttle.
The consequent increase of boost-pressure, after

10

corporates a variable-datum boost-control,

Figure 5 is a section on the line 5—5 of Figure
4, to an enlarged scale, and

Figure 6 is a diagrammatic view showing the
control unit coupled in the engine fuel system.

As shown first in Pigure 1 the apparatus com-
prises a sealed casing 10 of suitable shape to en-
close the parts hereinafter described, the interior
of the casing being connected through a union
{1 to the discharge side of the supercharging
blower 204. Thus, the “atmosphere” within the
casing is at a pressure which ig always equal to

" ‘the boost~pressure.
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a short delay, restores the second member of the -

linkage, and therefore the mixture-strength set-
ting, to a position depending upon the boost-
pressure. The consequent relative movement
between the two members of the linkage which
occurs before the boost-pressure has had time
to build up to the value determined by the setting
of the datum-varying cam produces an early en-
richment, as is desirable during acceleration, and
the usual “accelerator pump” is thus dispensed
with. The said abutment is preferably intercon-
nected with the throttle-valve so as to be inop-
erative when the valve is ‘fully open. ‘Thus the
automatic control of mixture strength is main-
tained for all throttle conditions above the rated
altitude.

In view of the necessity. for exposing at least
two pressure-responsive devices to the boost-
pressure, the said devices, according to the inven-
tion, are preferably enclosed within a sealed cas-
ing the interior of which is connected to the
engine induction system. To reduce to a mini-
mum the number of external connections from
the interior of the said casing, the casing may
also include the linkage through which the pres-
sure-responsive devices act upon a servo-motor
which effects adjustments of the mixture
strength, and also the servo-motor itself. The
said casing may also include the moving part of
the temperature-responsive device. Where, as
above described, the boost-pressire responsive
device also constitutes the pressure-responsive
device of the servo-actuated throttle-control, the
hydraulic relay through- which the said device
operates the throttle may also be contained in
the same casing. :

Alternatively, the linkages referred to may be
situated ouftside the sealed casing. ,

Two specific embodiments of the invention will
now be described, by way of example, with ref-
erence to the accompanying diagrammatic draw-
ings, of which:

. Figure 1 shows mixture-control apparatus, ac-
cording to the invention, for use in conjunction
with a supercharged aircraft engine in which the
fuel is injected by metering pumps either into
the cylinders or into the induction pipes adja-
. cent the inlet ports, ‘

Figures 2 and 3 are diagrams showing alterna-
tive arrangements of the boost-pressure capsule
and atmospheric capsule,

Pigure 4 is a diagram of an arrangement al-
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The casing contains a “temperature-capsule”
f2 the interior of which is connected by a capil-
lary tube I3 to a phial 14 in the outlet conduit
I5 from the supercharging blower. The capsule
12 is an expansible receptacle anchored at its
top end to the casing 10. The capsule, capillary
tube I3 and phial i4 are filled with a suitable
liquid such as alcohol, ether, or benzol so that
the free lower end 16 of the capsule takes up a
Position which, at all times, corresponds to the
boost temperature. The bottom end {§ of the
temperature capsule 12 is connected by a rod 17
to a pin I8 carried by one arm 19 of a lever
pivoted about an axle 20, the other arm 21 of the
lever being pivoted at 22 to a link 23 of which
the other end carries a pin 28 which is con-
strained by means of suitable guides 25 to move
in g straight horizontal line. The pin 24, which
forms a fulerum for a lever 26, thus takes up a
position in the guides 25 which at all times cor-
responds to the boost temperature.

The casing 10 also contains an atmospheric
capsule 21 the upper face of which is anchored
to the casing and the interior of which commu-
nicates through a vent 28 with the circumam-
bient atmosphere so that the bottom face 29 of
the atmospheric capsule takes up a position cor-
responding to the difference between the atmos-
pheric pressure within it and the boost-pressure
outside it. .

Connected by a short rod or link 30 to the
lower face 29 of the atmospheric capsule 27 is
& boost-pressure capsule 3f{ which is evacuated
so as to be influenced only by the boost-pressure
by which it is surrounded. The capsules 27 and
31 may be of a resilient nature or they may be
provided with internal springs 32, 33, respec-
tively. )

As has already been explained, it is necessary
that the effect of the atmospheric capsule 27
should be less than the effect of the boost-
pressure capsule 31 in the same ratio as the ratio
of the unswept volume of the engine cylinder
to the swept volume, The necessary effect may
be obtained, as shown in Figure 1, by making
the capsule 27 smaller than the capsule 31 in the
required ratio. For example, where the engine
has a compression ratio of 7, the boost-pressure
capsule 31 may have a volume six times as great
as that of the atmospheric capsule 21. Alterna-

5 tive arrangements are described below with refer-

ence to Figures 2 and 3. In any event, the ar-
rangement is such that a variation in boost-
pressure produces a displacement of the bottom
end 34 of the boost-pressure capsule 3! which
is greater than the displacement produced by the
same variation in the difference between atmos-
pheric pressure and boost-pressure, by the same
ratio as the ratio of the swept volume to the com-
pression space. It will be seen that this ratio is
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less by unity than the compression ratio of the

engine, ’

The bottom 34 of the boost-pressure capsule
31 is connected to a rod 85 to the lower end of
which a pin 86 is affixed to engage the forked
end 87 of the lever 26. This lever is slotted at
38 to engage the pin 24 already described, and
the other end of the lever is pivoted at 39 to a
vertical sliding-rod 40 the upper end of which
slides in a bore 41 and the lower end in a bore
42, the bores being formed in integral parts of
the casing and each being connected with the
interior of the casing by a conduit 43, 44, respec-
tively, to permit the rod 40 to slide freely in them.
* As has already been explained, the rod 35
moves in such manner that its position corre-
sponds at all times to the absolute boost-pressure.
The fulerum-pin 24 moves so that its position
corresponds to the boost temperature; the slid-
ing-rod 40 therefore takes up a position which at
all times corresponds to the mass of fresh .air
contained in the engine cylinder at the end of
the induction stroke.

At another point on the sliding-rod 40 it is
connected by a pivot-pin 45 to a lever 46 which
is slotted at 47 to engage a pir 48 on the upper
end of a -control-valve 49; the rod 46 is forked
at its left-hand end 50 to engage a pin 51 car-
ried by the piston-rod 52 of a hydraulic motor
200 of which the piston 53 slides in a cylinder 54.
The valve 49 has lands 55, 56, which co-operate
with a pressure-port 57, drain-ports 58, §9, and
motor-ports 60, 61, the ports 60 and 6 leading
respectively to the top and bottom of the motor-
cylinder 54. The piston-rod 52 passes out of the
casing-at the lower end and is connected by a
mechanical linkage (not shown) to any known
means for controlling the delivery-per-stroke of
a fuel-injection pump or pumps. :

" For stable conditions of operation the lands
.85, 86, close the ports 60 and 61 whereby the
piston 53 remains stationary and is prevented
from moving by the oil or other hydraulic Hquid
contained in the cylinder 54. If, for any reason,
" the boost temperature rises, the capsule. 12 ex-
pands, the lever 19, 21, is rotated in a eounter-
clockwise direction, the pin 24 is moved to the
right, the lever 26 rocks about'the pin 36 so as
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follow-up movement of the lever 46 and valve 49
as already explained above. The piston 83,
valve 49 and link 46 constitute a servo-motor
of known form, follow-up movements being
transmitted from the piston to the valve by tfit-
ing movements of the lever 46 about the pin 45,
whereby the motor-piston 53 assumes at all
times a position corresponding to the position of
the sliding-rod #40. )

Instead of connecting the atmospheric capsule
21 and the boost-pressure capsule 31 together
end-to-end, as shown in Figure 1, the capsules
may have separate rods 65 and 66, as shown in
Figure 2, each pivotally connected to one end
of a floating link 67 of which the mid-point is
pivoted by a pin 68 to the rod 35 of Figure 1. In
Figure 2 the capsules 81 and 27 have volumes of
which the ratio is equal to the compression ratio
of the engine minus one.

In yet another arrangement, as shown in Fig-
ure 3, the capsules 81 and 2T may be identically
similar so that the movement of the rod 65 due
to a change in boost-pressure is equal to the
movement of the rod 66 due to a change in the
difference between boost-pressure and atmos-

. pheric pressure. In order that the displacement
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to raise the sliding-rod 40. The pistoh-rod 52

being held stationary for the time being, the lever
46 rotates about the pin 51 so as to raise the
valve 49. Consequently, the port 60 is opened
to pressure oil from the port 57 and the port 61
is placed in communication with the drain 59.
The piston ' 53 is therefore driven down, the
mechanism to which it is conneeted being so ar-
ranged that downward movement of the piston
decreases the mass of fuel injected per stroke so
as to compensate for the decrease in density of

50

of the rod 66 shall be reduced in the required
ratio- with respect to movements of the  rod 65,
the operating-rod 35 is pivoted to the floating
link 67 at a point 68 which is six times as far
from the right-hand end of the lever 67 as it is
from the left-hand end, assuming that the com-
pression ratio of the engine is seven, as before.
- In the alternative form of the invention shown
in Figures 4 and 5 the sealed casing 10, boost-
pressure union I, temperature-capsule 2 and
hydraulic-motor 53, 54, are provided as before.
The boost-capsule 81, however, is formed with
two rods one extending from each end. From
its upper end a rod 70 extends through a suit-
able gland in the casing 10 to constitute a tappet
Tl which is spring-pressed upwardly against a
datum-varying cam 712 by a compression spring
13. The'cam is rotatable on a shaft 14 by means
of a lever 1§ manually operable by the pilot.
From the lower face of the capsule 31 a rod 16
(termed the “valve-rod”) extends downwardly to

,cbns‘i;itute the controlling valve 11 of a hydraulic -
relay comprising a piston 78 -reciprocable in a

cylinder 79. The piston-rod 80 of the relay is

connected by suitable - mechanism 81 to the

throttle-valve 82 of the engine. The valve 171
is formed. with lands 83, 84, co-operating with a
pressure-port 85, drain-ports 86, 87, and motor-
ports 88, 89, which lead to the top and bottom
respectively of the cylinder 79. - : ’
The boost-capsule 31, cam 12 and relay 11, 18,

- constitute a servo-system which operates to main-

the air which the rise in temperature has caused.

Such downward movement of the piston 53 rocks
the lever 46 about the pivot 45 so as to restore
the valve 49 to the position shown in Figure 1
in which the ports 60 and 61 are closed. Con-
versely, a fall in the boost temperature would
cause the piston 53 to rise and thereby increase
the mass of fuel injected per stroke.

Any change in the density of the air admitted
to the engine cylinders resulting from a change
in the altitude of flight or a change in the
throttle-opening similarly causes a suitable cor-
rection to the adjustment of the fuel pumps by
rotation of the lever 26 about the fulecrum-pin
-24 and the consequent movement of the valve 49,
corresponding movement of .the piston 53 and

60

tain constant the boost-pressure for any given
setting of the cam 72. For example, if the boost-
pressure should fall, the capsule 31 will expand,
the rod 16 will move down, the valve 11 will open
the motor-port 89 to the pressure-port 85 and
the motor-port 88 to the drain-port 86 so that
the piston 718 will be driven upwardly. Such
movement will be transmitted through the mech-
anism 81 to open the throttle-valve 82 whereby:
the boost-pressure will be increased and the
capsule 32 collapsed to its original size, where-
upon the valve TT will be restored to its original
closed. position. A different controlled boost-
bressure is obtainable at the will of the pilot by
appropriate adjustment of the cam. However,
at altitudes above what is termed the “rated
altitude” of the engine, the boost-pressure ob-
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‘tainable at full throttle will decrease with in-
crease in altitude. The atmospheric capsule 27,
in this movement, is anchored to the casing by
being fixed at its bottom face 28 to a suitable lug
or bracket 80. The top face is connected to a
tube 91 which extends through a suitable gland
in the casing 10, the tube 81 admitting atmos-
pheric pressure to the interior of the capsule 27.
The capsules 3! and 27 are of such relative
volume, or their springs are of such rate, that
the effects of the two capsules bear the
same ratio to one another as the ratio of the
swept volume of the engine cylinder to the un-
swept volume. Any of the methods above de-
scribed for ensuring that this ratio is obtained
can be used in the arrangement of Figure 4.

A link 92 is pivoted to the tube 9! and at its
other end 93 is forked to engage a pin 94 on the
tappet-rod 70. A similar link 95 extends be-
tween the valve-rod 16 of the boost-pressure cap-
sule 31 and a guide-rod 96 which slides in a
suitable bore in an integral part of the casing
10, the link 95 being connected to the guide-rod

- upon the relay-piston 53.
“the rod T of the temperature-capsule is piv- -

10

15

20

96 by a suitable pivot-pin 91. In a manner ex- -

plained below the guide-rod 96 is connected,
through a suitable relay, to means for warying
the mass of fuel injected into the engine cylinder
or induction system. The mechanism has super-
imposed upon it the action of the temperature-
capsule 12 as in the case of Figure 1. The mid-
points of the links 92 and 95 are interconnecfed
by a third link 98.

The link 95 is not directly connected to the
valve-rod 16 of the boost-pressure capsule but
is formed with pins 100 to engage a peripheral
. groove 10f in a collar 93 which is slidable on the
~rod 16, being pressed downwardly by a com-
pression spring 102, movement in this direction
being limited by a flange 103 on the rod 16. An
abutment 104 (described more fully below) ob-
structs movement of the collar 89 downwardly
beyond a position corresponding to the closed
position of the valve 711, by engaging with a
tooth 105 carried by the collar 89 as shown in
_ Figure 5. : ’

The two links 92 and 95 are always approxi-
mately parallel with one another so that bodily
movement of the boost-pressure capsule 3f in
either direction merely rocks the link 92 about
the pivot on the tube 91 and the link 95 about
the pivot 97. But expansion or contraction of
the boost-pressure capsiule rocks the links 92 and
95 with respect to one another whereby the
guide-rod 96 is moved up or down, the altitude

capsule 97 constituting the abutment for such

movement. _ .

When thé datum-varying cam 12 is adjusted in
" such sense as to increase the throttle-opening,
the boost-pressure capsule 31 is shifted bodily
downwards, as above explained, the link 92 being
thereby rotated. Buf the collar 99 is held against
movement by the abutment 104 so that the links
92 and 93 experience relative movement. The
fuel-and-air mixture is thus disproportionately
enriched for the time being. However, the con-
sequent increase in boost-pressure restores the
valve 11, after a short interval, to its original
position whereby the mixture strength is again
controlled in accordance with boost-pressure,
boost-temperature and atmospheric-pressure.

As is known, such enrichment of the mixture.

strength during acceleration is desirable and the
arrangement above described has the advantage,
already explained, of enabling the usual “accel-
erator pump” to be dispensed with.
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Any convenient arrangement may be used for
imposing the effect of the temperature-capsule
As shown in Figure 4,

oted at {05 to a lever (06 rotatable on a fixed
axle (07 and formed with an arcuate slot 108.
The slot co-operates with a pin {09 carried on a
swinging link {10 pivoted at il to a fixed part
t12, The lower end of the link ({8 carries a pin
{i3 engaging a slot 114 in a lever (15, the left-
hand end of which is pivoted at 116 to the guide-
rod 96. The right-hand end of the lever ({5 is
forked at t17 to engage a pin 118 on a sliding-
rod 119 which operates in exactly the same man-~
ner as the sliding-rod 48 of Figure 1, being piv-
oted to the follow-up lever 46 of the hydratlic
relay which comprises a control-valve 49 and the
necessary ports and conduits already described
with reference to Figure 1. The piston-rod 52
may operate a lever 20 which controls a cam
12¢f and follower 122 such that movements of
the follower towards the left increases the supply
of fuel and vice versa.

It will be understood that the angular position
of the link {18, and thus the position of the
fulerum-pin {43, depends upon the boost tem-
perature. As exXplained above, the vertical posi-
tion of the guide-rod 96 corresponds to the pres-
sure of the air existing in the engine cylinder at
the end of the induction stroke and thus the
sliding-rod {19 and relay-piston 53 always as-
sume positions corresponding to the mass of the
fresh air existing in the engine cylinder at the
end of the induction stroke.

The abutment 104, above referred to, is con-
stituted by the end of a lever 123 having an axle
124 borne in the casing {0 as shown in Figure 5.
The other end of the lever engages by a pin-and-
slot connection 125 with the piston-rod 88. ‘The
portion 104 is of such shape that when the piston
18 is at its uppermost position, corresponding to
full throttle-opening, the tooth 105 is free to move
down with the rod 76 under the action of the
spring §02. It will be understood that, for con-
ditions above the rated altitude of the engine,

‘the follow-up action of the boost-pressure cap-

sule 3f on the valve 17 is suspended when the
throttle is fully open since the boost-pressure
cannot be increased to such value as would restore
the parts to the position shown in Figure 4.
Thus, the valve 11 can assume a position in
which the underside of the piston 18 is perma-
nently open to pressure-liquid. In this condi-
tion of the parts, if the abutment 108 were to
remain operative upon the tooth 105, the dis-
proportionate enrichment of the mixture strength
above referred to would be continuously main-
tained. By rendering the abuiment automati-
cally inoperative as above described, the auto-
matic control of mixture strength is maintained
for all throttle conditions including throttle con-
ditions above the rated altitude.

It may be necessary to compensate for the dif-
ference which occurs between the temperature
of the air delivered by the supercharger to the
cylinder and the temperature of the air in the
cylinder at the end of the induction stroke. If
so, the temperature-capsule 12 may be intercon-
nected with the fulcrum-pin 24 (Figure 1) or {13
(Figure 4) through the intermediary of suitable
cam~mechanism. For example, the slot {08 in
Figure 4 may be so designed as to provide the
necessary compensation.

In each of the embodiments above described,

_the desired fuel-to-air ratio for each working
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‘condition of the engine is obtained by suitably
designing the connection between the servo-mo-
tor 53 and the fuel-pumps. Manuslly-controlled
departures from the automatic control may be
obtained by means of a “manually-adjustable
ported sleeve surrounding the valve-member 49.
The datum-varying cam 72 in Figure 4 may be
of the form described in British patent specifica-
tion No, 482,441, .
We claim: -
1. Apparatus for automatically maintaining a
predetermined ratio between the mass of fuel
- and the mass of air admitted to the cylinder of an
internal-combustion engine, comprising a tem-
perature-responsive device exposed to the air de-
livered to the cylinder, a pressure-responsive.de-
vice exposed to the pressure of the air admitted
to the cylinder, a pressure-responsive device ex-
posed to the difference between the atmospheric
pressure and the boost-pressure and so arranged
as to have an effect, in relation to the degree of
control exerted by the responsive device exposed
to the. boost-pressure alone, which is equal to
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the ratio between the unswept and swept volumes .

of the cylinder, means for adjusting the fuel-to-
air ratio and an operative connection between
sald temperature-responsive device, said pres-
sure-responsive devices and said adjusting means.

2..Apparatus for automatically maintaining
& predetermined ratio between the mass of fuel
and the mass of air admitted to the cylinder of
an internal-combustion engine, comprising a
temperature-responsive device exposed to the air
‘delivered to the cylinder, a pressure-responsive
device exposed to the pressure of the air admitted
to the cylinder, a pressure-responsive device ex-
posed to the pressure of the atmosphere, means
for adjusting the fuel-to-air ratio, an operative
connection between the three said devices and the
-sald adjusting means, and a servo-operated
" throttle-control of which the pressure-responsive
device is constituted by the first said pressure-re-
sponsive device, : )

3. Apparatus for automatically maintaining a
predetermined ratio between the mass of fuel
and the mass of air admitted to the cylinder of
“an internal-combustion engine, comprising a tem-
perature-responsive device exposed to the .air
delivered to the cylinder, a pressure-responsive
device exposed to the boost-pressure, a pressure-
. Tesponsive device exposed to the difference be-

tween the atmospheric pressure and the boost--

pressure, means for adjusting the fuel-to-air
ratio, and an operative connection between the
three said devices and the said adjusting means
and a sealed casing pressure within which is
maintained by the boost-pressure of the engine,
the sald pressure-responsive devices being en-
closured within the said casing.

4. Apparatus for automatically maintaining a
predetermined ratio between the mass of fuel and
the mass of air admitted to the cylinder of a
supercharged aero engine comprising a super-
charging blower, a sealed casing, a conduit con-
necting said casing to the discharge side of the
supercharging blower, a temperature. capstle
(with one end fixed in said casing) the tempera-~
ture-responsive element of which is disposed in
the discharge of the supercharging blower, an at-
mospherie capsule with one end fixed in said cas-
ing, a conduit connecting said capsule with the
atmosphere, a boost pressure capsule disposed
within said casing, a linkage operatively con-
nected to the moving parts of each of the three
capsules, adjusting means for controlling fuel
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delivery to the engine and an operative connec-
tion between the said linkage and said adjusting
means. - : ’

5. Apparatus for automatically maintaining a
predetermined ratio between the mass of fuel
and the mass of air admitted to the cylinder of a
supercharged aero engine comprising a super-
charging blower, a sealed casing, a conduit con-'
necting- said casing to.the discharge side of the
supercharging blower, a temperature capsule
(with one end fixed in said casing) the tempera-
ture-responsive element of which is disposed in
the discharge of the supercharging blower, an at-
mospheric capsule with one end fixed in said cas-
ing, a conduit connecting said capsule with the
atmosphere, a boost pressure capsule disposed
within - said casing, a linkage operatively con-
nected to the moving parts of each of the three
capsules, adjusting means for controlling fuel
delivery to the engine, an operative connection
between the said linkage and said adjusting
means and a servo-operated throttle control of
which the pressure-responsive device is consti-
tuted by the sald boost pressure capsule.

6. In combination, a control means for the
fuel-injection pump of an internal combustion
engine, temperature-response means subject to
the air constituent, density-response means also .
subject to the air constituent, and connections
between said temperature and density response
means and the control means including a com-
mon member coupled at one side positively to
the control means and at the other side loosely
to both response means independently. °

7. In combination, a control means for the
fuel-injection pump of an internal combustion
engine, temperature-response ‘mesans subject to
the air constituent, density-response means also
subject to the air constituent, and connections
between said temperature and density-response
means and the control means including a com-
mon lever coupled at one side positively to the
control means, lost-motion couplings between
said connections and said lever to enable the
operation of the control device through said
lever independently from either of said connec-
tions. . ‘

8. In combination, a control means for the
fuel-injection pump of an internal combustion
engine, temperature-response means subject -to
the air constituent, density-response means also
subject to the air constituent, connections be-
tween said temperature and density response
means and the control means including a lever
coupled at one side positively to the control
means, lost motion couplings between said con-
nections and said lever acting as variable ful-
crums for the lever coacting conjointly to shift
either fulerum independently by its respective
response means and thereby alter the effective
throw of the lever in its operation by the other
response means. : '

9. In combination, a control means for the

~ fuel Injection pump of an internal combustion
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engine, density-response means subject to the
air constituent, atmospheric-response means,
and connections between said -density and at-
mospheric response means and the control means
so constructed and arranged that the control
means is operable from either response means
independently of the other response means,
datum-varying means for shifting said density-
response means with reference to its connection,
sald last mentioned connection being loosely con-
_nected to said density-response means.
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10. In combination, a throttle valve of an in-
ternal combustion engine, a control means for
the throttle valve, a hydraulic relay coupled to
the fuel-injection pump of the engine, tempera-
ture-response means subject to the air constitu-
ent, connections between said temperature-re-
sponse means and sald hydraulic relay, density-
response means also subject to the air constitu-
enf, atmospheric-responsive means, connections

between the density and atmospheric response 10

ot

means and the throttle valve control means, said
connections having a loose coupling fo the
density-response means, resilient means for tak-
ing up normally said loose coupling, and datum
varying means for shifting said density-response
means in respect to said loose coupling. '
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