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ranik . Mock, Soutn Bend 1ol amigpor o

Bendix Producis Corporation,

South Bend,

Ind., a corporation of Indians
Application August 3, 1940, Serial No. 350,518
(CL 123—119)

15 Claims,

'This invention relates to charge forming de-
vices for internal combustion engines and more
particularly to a control means for the supple-
mentary fuel supply, or economizer system, for
enriching the mixture supplied to the engine un-
der certain conditions of operation. The inven-
tion is particularly adapted for use with an air-
craft engine of the supercharged type but may
be used on internal combustion engines of other
types. The instant application is a continuation-
fn-part of my copending applications Serial
Numbers 120,654, filed January 15, 1937 (now
abandoned), and 202,206, filed April 15, 1938, now
Patent No. 2,390,658, granted December 4, 1945,
which in turn is a continuation of my copending,
but now abandoned, application Serial No, 118,-
718, filed January 2, 1937. :

It has long been recognized that an enriched
mixture is required to produce maximum power,
as compared to that required for maximum econ-
omy; however, the particular operating condi-
tions at which the mixture should be enriched,
or the particular engine variables which ghould
be used to effect the control of the enriching de-
vice, have not been entirely understood. In ad-
dition, an enriched mixture has a cooling effect
tending to reduce the engine operating tempera-
tures and therefore has a beneficial effect, quite
apart from its effect on the power output, which
finds particular usefulness in cooling the engine
at high altitudes. In many cases this cooling ef-
fect is depended upon at high power outputs to
keep the operating temperatures at a safe level
and a fallure to supply & rich mixture under
these conditions might result in overheating and
serlous damage to the engine or failure thereof
in flight. Breakage or failure of the control
mechanism should therefore result in enrich-
ment of the mixture under all conditions rather
than in no enrichment at any time; or as it is
generally expressed, the device should “fail rich”
rather than “fail lean.”

" Since the absolute pressure of the charge in the
intake manijfold posterior to both the throttle
and the supercharger largely determines the
power developed per stroke of the engine it af-
fords a convenient index of the richness re-
quired and is a satisfactory variable for operat-
ing the supplementary fuel supply control mech-
anism. At high altitude, however, the power
produced at a given charge pressure 1s somewhat
greater than at sea level, the decreased exhaust
back pressure resulting in more complete scaven-
ging of the exhaust gases and consequently a
greater charge welght per stroke. In addition, at
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high altitude the air flow over the engine has a
somewhat decreased cooling effect due to its de-
creased density. The increased power and de-
creased cooling accompanying & decrease in bar-
ometric pressure both tend to require that the
economizer enrichment be provided at a lesser
charge pressure at altitude than at ground level.
In some cases these effects are of rather small
amount and may be neglected.

Increased atmospheric temperature also has a
double effect in the determination of the charge
pressure at which an enrichment of the mixture
should be provided. An increase in air temper-
ature decreases.the cooling effect of the air flow
over the engine and therefore tends to require
that the mixture be enriched at a lower charge
pressure than at low temperatures. In addition,
an increase in atmospheric temperature in-
creases the charge temperature and consequent-
ly reduces the weight of charge per stroke at a
given charge pressure thus decreasing the pow-
er output and tending to require that the mixture
be enriched at a greater charge pressure. The
two temperature effects are thus in opposite di-
rections and in some cases the one may com-
pletely offset the other so that the desired econ-
omizer control should operate at a predetermined

~ charge pressure independenfly of atmospheric
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temperature. In other cases, however, the de-
creased power effect more than offsets the loss in
cooling and the desired economizer should then
enrich the mixture at a somewhat Increased
charge pressure upon increase in atmospheric
temperature.

It i3 accordingly an object of the invention to
enrich the mixture supplied {o an internal com-
bustion engine when the absolute pressure of the
charge entering the engine exceeds a predeter-
nmined value.

It is-a further object of the invention to sup-
ply supplementary fuel to an engine when the ab-
solute pressure of the charge entering the engine
exceeds a value determined by the atmosphric
pressure.

It 13 a further object of the invention to pro-
vide a supplementary fuel supply which is ren-
dered operative when the absolute pressure of the
charge in the intake manifold posterior to the
throttle and the supercharger exceeds a value de-
termined by atmospheric pressure and tempera-
ture.

It is & further object of the invention to pro-
vide & supplementary fuel control mechanism in
which a failure of the mechanism will produce an
enriched mixture.
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A still turther object of the invention is to pro-
vide an improved supplementary fuel control
mechanism,

Other objects and advantages of the invention
will be readily apparent from the following de-
scription taken in connection with the appended
drawings in which:

PFigure 1 is a diagrammatic view partially in
section of a carburetor embodying the invention;

Pigure 2 is a vertical sectional view of a slight-
1y modified form of the invention shown in Fig-
ure 1;

Pigure 3 is an enlarged sectional view of the
economizer valve of Figure 1;

Figure 4 is a diagrammatic sectional view of a
charge forming device of the pressure feed type
utilizing another modification of the invention
for controlling a supplementary fuel valve;

Figure 5 is an enlarged sectional view of the
economizer control mechanism of Figure 4;

Figure 6 {s a diagrammatic sectional view of
g portion of the charge forming device of Figure
4 in which the invention controls an air bleed
passage to effect a supplementary fuel supply;
and

Figure 7 is a view simllar to Figure 6 of a mod-
ifled arrangement in which the invention con-
trols another of the air passages of the charge
torming device to effect a supplementary fuel
supply.

Figures 1 and 2 disclose very similar modifica-
tions of the invention, differing from each other
cnly as pointed out herelnafter, and may be de-
scribed together. There is disclosed a carburetor
having an induction passage comprising an air
inlet or scoop 10, a venturi 12, and a mixture
outlet adapted to deliver into the intake of a
supercharger 14, A throttle 18 controls the in-
duction passage. A main fuel nozzle 18 receives
fuel from the fuel reservoir 20 through passage
22 and metering orifice 24 and discharges it into
the induction passage adjacent the constricted
portion of venturi 12. A fuel passage 26 by-
passes the metering orifice 24 and is controlled
by an economizer valve indicated generally at
28. It is readily apparent that the passage 28
could discharge directly into the induction pas-
sage rather than into the main nozzle posterior
to the metering orifice 24 as shown.

The economizer valve, as best shown in Figure
3, comprises a stem 30 having a shoulder 32. The
lower portion of stem 30 is fluted as indicated at
34 and slidably receives a tapered valve mem-
ber 38 which is normally urged sagainst the
shoulder 32 by a compression spring 38. The
flutes 34 normally have an effective aggregate
cross-sectional area equivalent to the effective
fuel metering area of the economizer valve 28
when in open position. A spring retaining
washer 3% and nut 40 retain the parts in assem-
bled relation, the valve 28 acting merely as a
solid type of fuel valve during normal periods
of operation. Valve stem 30 is pivotally con-
nected, preferably through a universal connec-
tion 42 as shown in Figure 2, to a lever 44 hav-
ing a fixed pivot 46 at opposite sides of which
are connected bellows 48 and 48. The bellows
are fixed to a base member 60 and are pivotally
connected to lever 44 by rods 52 and 53. In PFig-
ure 1 the bellows are of equal effective diameters
and are connected to the lever 44 at equal dis-
tances from the fixed pivot 46; whereas in Figure
2 the bellows are at unequal distances from the
pivot, the bellows 48 being preferably connected
at a lesser distance from the pivot 46 than bel-
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lows 48. Instead of decreasing the lever arm of
bellows 48 the bellows could be of somewhat
smaller effective diameter than bellows 48 and
accomplish an equivalent result as will be pointed
cut hereinafter.

Bellows 48 is partially filled with & body of oil
64. Bellows 48 is entirely filled with oil and com-
municates freely with a chamber 88 which is
closed by a flexible diaphragm 88, the other face
of which is connected through a conduit §1 with
the induction passage posterior to both the
throttle and the supercharger. As shown, the
conduit 87 leads to the outlet ring of the super-
charger and is thus subjected to supercharger dis-
charge pressure. The pressure transmitted
through conduit 87 may be either above or below
atmospheric because of the action of the super-
charger. Both bellows 48 and 48 are enclosed
in a casing 88 which is connected by a passage
68 to the air scoop 10. A compression spring 60
having an adjusting screw 82 for varylng the
spring force urges lever 44 in a direction to close
the economizer valve 28.

Referring more particularly to Pigure 2 in
which the detalls of construction are best shown
it will be seen that the top closure plate 64 of
bellows 48 is fixed to or formed integral with rod
82 and is provided with a cylindrical sleeve §8
extending downwardly within the bellows ad-
Jjacent the inner edges of the corrugations of the
bellows so as to restrict the flow of oil into and
out of the corrugations for purpose of damping.
The other end of the bellows is closed by a base
plate 68 having a tubular member 68 extending
upwardly within the bellows and slidably receiv-
ing the rounded end of a plunger 10 depending
from the closure plate 84 to form a guide and
dashpot. A restricted port Tl may be provided
in the lower end of member 68 to permit equaliza-
tion of the oll level in the bellows and in mem-
ber 89. It will be noted that this construction
permits of misalinement between the parts and
damps vibration as is more particularly described
and claimed in my copending application Serial
No. 120,654, filed January 15, 1837. The bore of
member 89 communicates with a filling aperture
12 which is closed by a set screw 13. The top of
member 68 forms a stop to limit the extent to
which the bellows may be collapsed. 'The lower
portion of member 89 extends through the base
member §0 and receives a nut 14 which secures
the bellows to the base member.

If it is desired that the control be not affected
by variations in temperature of the air enter-
ing the engine the bellows 48 is evacuated by
collapsing the bellows to a predetermined point,
filling the collapsed bellows with oil or other
Hquid having a relatively constant temperature-
viscosity relation, sealing the bellows with set
screw 13, and then forcing the bellows to a
partially extended position by the spring 60. If,
however, it is desired to modify the operation of
the economizer in accordance with variations
in entering air temperature, a predetermined
quantity of gas, preferably an inert gas, Is used
in the space within the bellows above the oil
level. By controlling the quantity of gas used
in the space above the oil, that i3 the tempera-
ture, pressure and volume of the gas at the time
of sealing, the sensitivity of the bellows to
changes in temperature may readily be con-
trolled, the bellows being non-responsive to tem-
perature changes if the space is entirely evacu-
ated, and becoming increasingly responsive as
the degree of evacuation Is decreased.
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Bellows 40 is closed at its upper end by a plate
18 which is fixed to or formed integral with
" rod §3. Plate 78 also has a depending portion
extending downwardly within the bellows which
terminates in o ball 18 forming a universal con-
nection with a piston 88. The lower end of the
bellows is closed by & base plate 82 having a
hollow stem 84 formed integral therewith ex-
tending through a bore in the base member 80.
A nut 88 closes the vertical passageway 88 In
the stem 84 and also secures the bellows to the
base member.

Passageway 88 communicates at its lower end
with the chamber B8 through a passage 88 and
at its upper end with the free space within the
bellows through a plurality of radial passages
80. A sleeve 52 fixed to plate 82 and extending
upwardly within the bellows slidably receives
the piston 80, so as to form therewith a dashpot
for damping vibrations. The outer surface of
the sleeve may be closely adjacent the inner
edges of the corrugations to restrict the flow of
oil into and out of the corrugations for purpose
of further damping vibrations of the bellows. A
passageway 94 communicates the interior of
sleeve 92, below the piston 88, with one of the
radial passages 90 and is partially restricted by an
adjustable needle valve 85. The effectiveness of
the dashpot action of piston 80 may thus be
readily adjusted or varied.

A spring retaining cup 86 receives the spring
60 and is urged upwardly thereby. A hardened
rounded insert 87 in the head of cup 96 engages
the end of adjusting screw 82 to urge lever 44
in a clockwise direction about the pivot 46 and
thereby hold the economizer valve member 86
on Its seat with a predetermined force. The cup
96 has a downwardly extending rod 88 formed
integral therewith having a ball end 99 which is
slidably received by a tubular member (00 ex-
tending upwardly from the base member §8. A
guide is thus provided to maintain the spring
retaining cup 86 in proper alinement.

During perlods of operation at idle or low
power outputs the valve 28 is held in a closed
position under the combined forces of the spring
60 and bellows 48 and 49. The valve spring 38
under these conditions is sufficiently strong to
maintain the valve member 36 against the shoul-
der 32. As the power increases the pressure
posterior to the supercharger and consequently
the pressures in conduit 867, chamber 68 and
bellows 48 will also increase thereby tending to
open valve 28. When the supercharger outlet
pressure reaches a predetermined value the force
of bellows 48 will overcome the other forces
holding the valve closed and the valve will open
to supply supplementary fuel. In Figure 1 the
bellows 48 and 48 are of equal size and have equal
lever arms relative to the fixed pivot 46. Varia-
tions in barometric or scoop pressure will act
equally on the bellows 48 and 49 thus creating
equal but opposite forces on lever 44 and entirely
canceling the effect of these variations. In ad-
dition, if the bellows 48 has been completely
evacuated leaving but a vacant space above the
oil therein the bellows will be unaffected by
changes in temperature. It should furthermore
be noted that bellows 49 is also not affected by
temperature changes since the change in the
volume of oil resulting therefrom merely changes
the position of the diaphragm 86 without chang-
ing the forces acting on the bellows. The ar-
rangement of Figure 1 utilizing an evacuated
bellows 48 therefore produces an economizer con-
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trol which is independent of barometric pressure
or temperature and solely dependent upon the
absolute pressure at the outlet of the super-
charger.

As is generally known, an evacuated bellows is
under rather severe stress and will therefore
tend to fracture more readily than a gsas-fllled
bellows. It will be readily apparent that the
evacuation of bellows 48 creates an appreciable
force tending to collapse the bellows and open
the valve 28 which is normally counteracted by
the force of spring 68. If the bellows 48 frac-
tures during service the loss of this high col-
lapsing force will result in the valve being. held
on its seat with a greatly increased force. Un-
der these conditions, however, the force tending
to seat the valve is so high that the spring 38
permits stem 38 to move upwardly relative to
member 36 thereby uncovering the flutes 34 and
permitting fuel to flow past the valve. The de-
vice therefore “fails rich,” as was previously
pointed out to be desirable.

If bellows 48 is but partially evacuated it will
respond to changes in temperature of the enter-
ing air, an increase In temperature resulting in
an increase in the expansive force of bellows 48
tending to seat valve 28 and therefore increasing
the absolute supercharger outlei pressure required
to open the valve 28. The effectiveness of changes
in temperature on the required supercharger out-
let pressure may be readily controlled by varying
the volume and absolute pressure of the gas with-
in bellows 48, as previously pointed out.

By utilizing unequal lever arms for bellows 48
and 49 (as shown in Figure 2), or bellows of un-
equal dismeters, the forces created by the bellows
on lever 44 by a change in entering air pressure
will not balance each other and will vary the ab-
solute pressure required at the supercharger out-
let to open valve 28. The amount the required
supercharger outlet pressure will change for a
given change in air inlet pressure will depend
upon the relative lever arms of the two bellows
and/or the effective size of the bellows.

The economizer control unit is therefore capa-
ble of enriching the mixture when the absolute
pressure posterior to the throttle and super-
charger reaches a predetermined value, a value
which may be independent of both the tempera-
ture and pressure of the entering air, or depend-
ent to any desired degree upon the temperature,
or pressure, or upon both the temperature and
pressure of the entering air.

In Figures 4, 6 and 7 the invention has been ap-
plied to a charge forming device of the pressure
feed type such as is particularly described in my
copending application Serial No. 202,206, filed
April 15, 1938. With particular reference to Fig-
ure 4, the main air passage includes an air intake
110, small venturi til and large venturi 112,
The passage leads to the entrance of a super-
charger 114 of an internal combustion engine and
is controlled by throttle 116 which is operated
by a rod extending from the pilot’s cockpit. The
pilot thus controls directly the air charge of the
engine while the fuel charge is automatically con-
trolled by a metering unit hereinafter described.

The metering unit comprises chambers 120, 121,
122, 123 and 124 separated from each other by
diaphragms §26, 127, 128 and 129 which are con-
nected to a control rod 132 having a sleeve valve
134 connected thereto at its right end (as shown)
and controlling fuel inlet ports 136. Fuel is de-
livered to ports 136 through conduit 137 by an
engine driven constant pressure type fuel pump
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{ndicated at 138 which receives fuel from a source,
such as a fyel tank, through conduit 138, The
pump thus delivers fuel through ports 136, which
are varied in effective area of opening by the
axial positioning of sleeve valve 134, into the un-
metered fuel chamber 120, through fixed metering
orifice 142, an asdjustable metering orifice 144,
into metered fuel chamber 12{, and through pas-
sage {48 to a pressure responsive fuel discharge
jet indicated at (48 which discharges in the in-
duction passage poaterior to the throttle {18, A
passage 158 In the control rod 132 interconnects
the chamber 124 and the metered fuel chamber
12{. ‘The eflect on control rod (32 of metered
fuel pressure acting on sealing diaphragm (21
ts thus balanced out by its equal and opposite
effect on sealing dlaphragm (29. A tapered nee-
dle 151 is connected to pivoted lever 182 and has
a disc 183 secured thereto to close orifice 144, by
movement, of lever 182 to the left, during periods
of inoperation. During normal periods of opera-
tion the needle 181 1s positioned approximately
as shown; however, if it is desired to manually
enrich the mixture the needle may be further
withdrawn from the orifice by movement of lever
162. An economizer bypass |88 is provided around
the adjustable metering orifice {44 and includes
a metering restriction 187 controlled by an econo-
miger valve 168. Diaphragms 180 and 162 are
connected to the stern of valve (68, the former
forming a portion of the wall of the metered
fuel chamber 121 and the latter forming a cham-
ber 164 with a cap 185. A passage (86 in the valve
188 connects the chamber 184 with the metered
fuel chamber to balance out the effect of the
metered fuel pressure on diaphragm §80. A lever
188 is pivoted at one end at 168 and engages the
stem of valve 188 intermediate the dlaphragms
180 and 162 at its other end. A guided control
rod 172 of an economizer control unit indicated
generally at 114 is pivotally connected to the
lever 148 at 118 for actuating the valve 188 to
enrich the mixture, a slot being provided in the
lever to permit pivotal movement thereof.

A passage 180 connects air chamber 122 with
the throat of venturi I#{ and passages 182, 193,
{84, chamber (88 and tubes 187 connect the air
chamber 128 with the scoop or air entrance (0. A
valve (88 connected to a sealed bellows 1898 con-
trols the effective area of the latter connection,
A spring loaded valve (90 controls a bypass 181
around the valve 188. A pivoted lever {82 having
an overrunning connection with the valve (80 is
arranged to open the valve after a predetermined
movement of lever 152 to eliminate the effect of
valve |88 if desired. A restricted passage (93 con-
nects air chamber 128 to passage 188,

During operation, air flow through the main alr
passage creates a differentin]l pressure between
the air scoop and the venturi throat which varies
as the square root of the rate of air flow. The air
scoop and venturi pressures are transmitted to
air chambers 123 and 122 and create a force to
the right on diaphragm (28 and control rod 132
tending to open the fuel inlet valve 134, Fuel
flow through the metering unit creates a differen-
tial force across the metering orifices and there-
fore a differential in the fuel pressures in the un-
metered fuel chamber (20 and metered fuel
chamber 121 which is proportional to the square
root, of the rate of fuel flow. The differentiel in
fuel pressures acting on diaphragm 126 creates
a force to the left on control rod 132 tending to
close the fuel valve 134. The control rod {32 and
valve 134 thus regulate the fuel flow so as to
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maintain the fuel force on rod 132 equal to the
air force. Bince the air force and fuel forcé on
the rod 132 are respectively proportional to the
quantities of air and fuel being delivered to the
engine a constant ratio is maintained between
these quantities thus providing a constant mix-
ture richness, Bpring 106 engages control rod
132 creating an additional force tending to open
the valve 134 which 1s of appreciable amount com-
pared to the air force at idle but of negligible
amount at higher air flows. This increases the
fuel flow at idle to provide a rich mixture as is
desired.

As the density of the entering air decreases
from increase in altitude or increase in tempera-
ture, the air differential created by the ventfuris
increases for a given weight of air and tends to
increase the mixture richness., At such times the
bellows 189 expands and valve 188 restricts
passage 182. The bleed (83 which previously had
but a negligible effect in disturbing the pressures
in chambers (22 and 123 now becomes effective
to decrease the pressure in chamber (23 thus
reducing the pressure which would otherwise be
present in chamber 123 and maintaining the dif-
ferential pressure across diaphragm (20 at a
constant value for a given weight of air flow. The
mixture is thus maintained at a constant rich-
ness at all altitudes unless varied by a change in
the fuel metering area, as for example by with-
drawing needle 18{ from orifice i44. The orifice
142 i3 relatively large compared to the normal
metering area of orifice 144 and therefore has

very little metering effect. If, however, the valve

161 is entirely withdrawn the orifice 142 becomes
effective to meter the fuel and thus limits the
maximum richness which is obtainable at the
will of the pllot. The orifice 142 could be omitted
if desired.

The economizer control unit {14, shown in de-
tall in Figure 5, is quite similar to that of Plgure 2
and consequently corresponding parts are given
corresponding reference numerals with the addi-
tion of 208. Control rod 172 is connected through
universal connection 242 to a lever 244 having a
fixed pivot 248. Bellows 248 and 249 are pivotally
connected at one end to lever 244 by rods 282
and 283 and are fixed at their other ends to base
members 260 and 26(. Bellows 248 is preferably
partially fllled with a body of oil 264. Bellows 249
is entirely filled with oil and communicates freely
with a chamber 288 which is closed by a flexible
diaphragm 286, the other face of which is con-
nected by conduit 251 to the supercharger out-
let. The bellows are enclosed in a casing 288
which may be open to :tmosphere or be con-
nected through conduit ¢59 to the air inlet 110.
The bellows 248 and 248 have internal structure
comparable to that of the bellows 48 and 49 of
Figure 2. Bellows 248 and 249 are connected to
lever 244 on the same side of fixed pivot 246, in
contrast to the modification of Figure 2; however,
in either case the bellows act in opposition to each
other and produce an eqguivalent result.

Since bellows 248 is normally evacuated, it
creates & force tending to move lever 244 in g
counterclockwise direction which is much greater
than that exerted by the bellows 248 tending to
move the lever in the opposite direction. A
resilient means is therefore provided to overcome
this unbalance and to urge the valve 168 onto
its seat with a predetermined force such that the
supercharger outlet pressure acting on bellows
248 must reach a predetermined value before the
As shown, such resilient
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means comprises a sleeve 300 carried by a cup
member 302 which is slidably mounted in a cylin-
drical member 304. The member 304 carries an
adjusting screw 308 bearing on the end of the
cup 302 for adjusting its position and conse-

quently the force of spring 200. A cap 308 en-

closes the adjusting screw. A rod 288 has a ball
end 299 slidably mounted in the sleeve 300 and
terminates in a head 297 bearing against a knife
edge 310 carried by lever 244. A sleeve 208 is
secured to head 207 and serves as a partial hous-
ing for the apring 208 which bears at one end
against head 297 and at its other end on the cup
member 302

By making bellows 248 and 249 of the same
size and evacuating bellows 248 an economizer
control is obtained, as was described in connec-
tion with Figure 1, which will enrich the mixture
when the absolute pressure of the supercharger
outlet exceeds a predetermined value independ-
ently of the entering air temperature or pressure.
Also, if bellows 248 is made smaliler than bellows
249, as in the modification of Figure 7, the abso-
lute supercharger outlet pressure required to open
tuel valve (68 will decrease with decrease in
barometric or air inlet pressure. Also, by using a
gas filied bellows 248 rather than an evacuated
bellows the device will be temperature responsive
and the absolute supercharger outlet pressure re-
quired for operating valve (88 will change with
change in air temperature an amount dependent
upon‘the volume and pressure of the gas within
the bellows.

It will be apparent that by reversal of fixed
pivot 189 and pivot 118 the valve {38 could be
arranged to open in the opposite direction such
that the spring type valve of Figure 3 could be
utilized with the arrangement of Figure 4.

The economizer control units of Figures 6 and 7
are substantial duplicates of Figure 4 but operate
air bleed valves, rather than fuel valves, to. ac-
complish an economizer enrichment.

In Figure 6 a valve 402 controls a passage 104
connecting the passages 180 and (82 and is piv-
otally connected to one end of a lever 498 which
has a fixed pivot at #08 and is connected at its
other end to the economizer control rod 112. A
stop screw 410 is provided In the economizer con-
trol unit 178 and engages the lever arm 244 when
the valve 402 is open the proper amount for nor-
mal operation. Under these conditions the lever
244 is urged against the stop 410 by spring 260
with a predetermined force which must be over-
come by the supercharger outlet pressure acting
on bellows 249 before the valve 482 can move
toward closed position.

The bleed passage |93 is preferably placed to
the left of passage 404 and a restriction 412 in-
serted in the passage 180 between the passages
193 and 404. The passage 180 to the left of the
restriction #12 is relatively large such that the
bleed 198 has no substantial eflect on the pres-
sure in chamber 122 but reduces the pressure in
chamber 123 when the altitude control valve 188
restricts the passage 183. On the other hand, the
bleed 404 is relatively small compared with the
passages 182 and 183 such that the bleeding ac-
tion therethrough has substantially no effect on
the pressure in chamber (23, but due to the re-
striction 412 has an appreciable effect on the
pressure in chamber 122, Altitude control is thus
obtained by modifying the pressure in chamber
128 whereas the economizer control is obtained
by modifying the pressure in chamber 122. When
s0 arranged, each control operates independent-

10

15

20

25

3V

36

40

45

50

55

80

65

70

75

10

1y of the other. It will be apparent that pas-
sages (83 and 484 could be reversed in position
in which case each control would operate on the
other of the chambers 122 and 123 from that de-
scribed above, Furthermore by varying the rela-
tive sizes of passages {83 and 404 and restric-
tion 412, either or both controls could be made
to have an effect on the other control.

During periods of normal operation the pres-
sure in chamber (22 of the metering unit is
modified due to the bleeding action of passage
404. The differential pressure acting across dia-
phragm 028 is reduced as compared to that ex-
isting between the Venturl throat and the air
scoop; however, it will always bear & fixed rela-
tion to the Venturi-to-air-scoop differential pres-
sure, unless modified by the action of the bellows
controlled valve 188, The device therefore me-
ters the fuel in accordance with air flow as in
Flgure 4, a slightly larger metering orifice being
required for a given mixture richness due to the
reduced effective Venturl-to-scoop differential
pressure acting on diaphragm 128 at any given alr
flow. When the supercharger discharge pres-
sure exceeds a predetermined value the lever 244
moves upwardly off of stop 410 and closes the
valve 402, decreasing or eliminating the air bleed
action through passage 404. The increased dif-
ferential pressure across dlaphragm 128 resulting
from the closing of valve 402 increases the fuel
flow for a given weight of air thus providing an
enriched mixture as is desired.

The modification of Plgure 7 is very similar to
that of Figure 6. In Pigure 7 the economiZer
valve 420 and bellows controlled valve 188 op-
erate in series to control the effective area of
passage 182 and consequently together control
the effectiveness of the fixed bleed 193 between
passages 180 and 182, Closing movement of valve
188 with increase in altitude further restricts
passage 182 rendering bleed 193 more effective,
producing an sltitude mixture control as before.
When the supercharger outlet pressure exceeds a
predetermined value lever 244 moves off of stop
410 and opens the valve 420, thus decreasing the
effectiveness of the bleed 198 and increasing the
richness of the mixture as 13 desired. The bel-
lows 248 is, as shown, smaller than bellows 249
therefore making the device responsive to vari-
ations In air inlet pressure transmitted to the
economizer control unit through conduit 288,

Although the invention has been described with
particular reference to several modifications it is
to be understood that the invention is not imited
thereto nor otherwise than by the appended
claims, it being apparent that the invention could
be used to accomplish an economizer control in
other ways, or to position a control element in
response to variations in the absolute pressure
of any desired fluid or in response to the absolute
pressure of one fluld source and the pressure
and/or temperature of a second fluld source.

I claim:

1. In a device for supplying fuel to an engine
having a fuel pump and regulating means for
controlling the rate of fuel supply, a control de-
vice comprising an evacuated bellows responsive
to changes in barometric pressure, a second bel-
lows connected to the engine intake manifold to
be responsive to pressure changes therein, and
means jointly controlled by sald bellows to auto-
matically modify the control effected by sald
regulating means,

2. In & device for supplying fuel to an engine
having a fuel pump and regulating means for
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controlling the rate of fuel supply, a control de-
vice comprising an evacuated bellows responsive
to changes in barometric pressure, a second bel-
lows connected to the engine Intake manifold to
be responsive to pressure changes therein, a lever
connected to both of sald bellows to be jointly
controlled thereby, a spring urging said lever to
a normally balanced position, and control means
operated by sald lever to modify the control
effected by sald regulating means,

3. A sensitive control element for an engine
carburetor having a throttle controlled induction
passage comprising a bellows, means connecting
the interlor of said bellows to the carburetor
induction pipe posterior to the throttle to be
responsive to pressure varlations therein, a sec-
ond bellows sealed with a predetermined interior
pressure, & control member connected to both of
sald bellows to be actuated jointly thereby, and
means including & body of liquid in each of said
bellows to damp vibrations thereof.

4. In a charge forming device for an engine
having a supercharger on the downstream side
of sald device, a source of fuel, a source of alr,
means for controlling the normal fuel supply
to the engine, a device rendered operative for
enriching the mixture of air and fuel when the
pressure posterior to the supercharger exceeds
a predetermined value, and means responsive to
temperature for modifying said predetermined
value.

5. In a charge forming device for an internal
combustion engine having a supercharger, an
induction passage having a throttle, an air sup-
ply, a main fuel supply, a supplementary fuel
supply, a valve controlling said supplementary
fuel supply, means responsive to the pressure
posterior to the supercharger and throttle for
actuating sald valve to enrich the mixture, and
means responsive to temperature for varying the
value of sald pressure necessary to actuate said
valve.

6. In a charge forming device for an internal
combustion engine provided with a supercharger,
and an induction passage having a throttle
and a main fuel supply; means for supplying
supplementary fuel to the engine, means re-
sponsive to the pressure posterior to the throttle
and supercharger controlling said supplying
means, and means responsive to variations in
barometric pressure and temperature for mod-
ifying said control.

7. In a charge forming device for an internal
combustion engine provided with a super-
charger and an induction passage having a
throttle and a main fuel supply; a supplemen-
tary fuel supply, a valve for normally rendering
the supplementary fuel supply inoperative, and
means responsive to varfations in the pressure
posterior to the throttle and supercharger and
to variations in the pressure and temperature
of the air supplied to the device for actuating
said valve to supply supplementary fuel to the
engine.

8. In a charge forming device having an in-
duction passage including a throttle, an air sup-
ply, a normal fuel supply, a supplementary fuel
supply, means for controlling said supplemen-
tary fuel supply including a valve, means re-
sponsive to the differential between the pres-
sure of the air supplied to the device and the
pressure in the induction passage posterior to
the throttle connected to said controlling means,
and means responsive to the pressure of the alr
supplied to the device connected to sald con-
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trolling means for at least partially neutralizing
the effect thereon of variations in sald air pres-
sure.

9. In combination with a supercharged in-
ternal combustion engine having a throttle con-
trolled induction passage, a normal fuel supply,
means for supplying supplementary fuel to the
engine; and a valve controlling said supplying
means, a sealed bellows and a second. bellows
connected to said valve for controlling the same,
means for subjecting the outside of the sealed
bellows and one side of the second bellows to g
source of substantially atmospheric pressure, and
means for subjecting the other side of said sec-
ond bellows to the pressure in the induction pas-
sage posterior to the throttle and supercharger.

10. In a charge forming device having an In-
duction passage including a throttle and a
supercharger, means for normally supplying fuel
to the induction passage, means for supplying
supplemental fuel to the induction passage, a
valve controlling sald last named supplying
means, and a control unit for said valve com-
prising a bellows sealed with a predetermined
interior pressure connected to said valve, a sec-
ond bellows connected to sald valve, a diaphragm
chamber, means connecting one side of said di-
aphragm chamber to the interior of said second
bellows, sald second bellows, sald connecting
means and sald one side of the diaphragm cham-
her being fillled with liquid to damp vibrations
of the second bellows, and means connecting the
other side of said diaphragm chamber to the in-
duction passage posterior to both the throttle
and the supercharger.

11, In a charge forming device for an engine
having & normal fuel supply, a supplementary
fuel supply, valve means including a stem and =
spring loaded valve member thereon for con-
trolling the supplementary fuel supply, a bypass
uncovered by movement of the stem relative to
the valve member when the valve means is closed
with an abnormal force, and means for control-
ling said valve means comprising a flexible cham-
ber responsive to varlations in barometric pres-
sure and a second flexible chamber responsive to
pressure changes in the induction passage of
the engine,

12. In a charge forming device having means
for normally supplying fuel to an engine, a pas-
sage for supplementary fuel, a valve in said
passage, means including an evacuated member
for controlling said valve, and means becoming
operative upon fallure of sald evacuated member
to bypass supplementary fuel past said valve.

13. In a charge forming device, a fluld pas-
sage, 8 valve controlling said passage, means in-
cluding a sealed capsule responsive to changes
In pressure controlling sald valve, sald capsule
being at times subjected to an external pressure
different than the internal pressure thereof, the
capsule and valve being operatively interconnected
in a manner such that upon failure of the cap-
sule a closing force is exerted on said valve, and
means becoming operative upon failure of the cap-
sule to provide a by-pass for fluld past said valve.

14. In a charge forming device for an engine
having an air induction system provided with
& supercharger, fuel metering means for main-
taining a predetermined normal ratio of fuel to
air, means rendered operative by an increase
In pressure beyond a predetermined value in the
air induction system posterior the supercharger
for enriching the charge, and means responsive
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to temperature for modifying the action of said
enriching means.

15. In a charge forming device for an engine
having an air induction system provided with
a supercharger, fuel metering means for main-
taining a predetermined normal ratio of fuel to
air, valve means adapted to meter supplemen-
tary fuel to the normal supply and enrich the
fuel-air mixture under abnormal charge pres-
sure and temperature conditions, means respon-
sive to changes in pressure and temperature con-
trolling said valve means, and means for sub-
jecting said pressure and temperature responsive
means to a measure of the pressure and tempera-
ture of the air comprised in the charge.
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to temperature for modifying the action of said
enriching means.

15. In a charge forming device for an engine
having an air induction system provided with
a supercharger, fuel metering means for main-
taining a predetermined normal ratio of fuel to
air, valve means adapted to meter supplemen-
tary fuel to the normal supply and enrich the
fuel-air mixture under abnormal charge pres-
sure and temperature conditions, means respon-
sive to changes in pressure and temperature con-
trolling said valve means, and means for sub-
jecting said pressure and temperature responsive
means to a measure of the pressure and tempera-
ture of the air comprised in the charge.
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