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(57) ABSTRACT 
Fuel control apparatus including a fuel conduit con 
nected to receive pressurized fuel from a fuel pump and 
provided with fuel servo actuated metering valve 
means therein for controlling the rate of fuel flow there 
through to an engine. The fuel servo actuated metering 
valve is actuated by a fuel servo piston pressurized by a 
servo valve controlled fuel pressure differential derived 
from a predetermined fuel pressure differential main 
tained by a pressurizing valve downstream from and in 
series flow relationship with the metering valve. The 
metered fuel flow for actuating the servo piston is ex 
tracted from the fuel conduit upstream from the pres 
surizing valve and returned to the fuel conduit down 
stream from the pressurizing valve. 

12 Claims, 1 Drawing Figure 
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FUEL CONTROL FOR GASTURBINE ENGINE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
Conventional fuel control systems utilizing fuel oper 

ated servo devices for actuating a positionable member 
such as a fuel metering valve or other engine control 
devices are well known in the art. It has been a common 
practice to extract from fuel pump output flow the 
required pressurized fuel flow for input to the servo and 
vent servo exhaust flow to a relatively low pressure fuel 
source such as the inlet of the fuel pump. Obviously 
such an arrangement wherein relatively high pressure 
fuel discharged by the fuel pump and used for servo 
control purposes undergoes a substantially large pres 
sure drop in passage to the fuel pump inlet and resultant 
energy loss. Furthermore, the fuel pump capacity 
which generally dictates size and weight of the fuel 
pump must be selected to fulfill the fuel flow require 
ments of the engine. In addition, the increased fuel 
pump capacity necessitated by the servo means places a 
corresponding higher demand on power input to drive 
the fuel pump. 

Reference is made to U.S. Pat. No. 3,521,447 to F. R. 
Rogers and D. L. Greenawalt for example of a known 
fuel control having a fuel operated servo network 
wherein the total output flow of a fuel pump is available 
for energizing fuel operated servo means as well as for 
fuel metering purposes to operate an engine. The sub 
ject matter of U.S. Pat. No. 3,521,447 represents a sig 
nificant advance in the fuel control art in that it avoids 
the above-mentioned undesirable features normally 
found in fuel controls embodying fuel operated servo 
networks. The present invention represents an improve 
ment over the apparatus shown and described in U.S. 
Pat. No. 3,521,447 in that the same desired results are 
obtained in a much simpler manner with less compli 
cated structure. 

SUMMARY OF THE INVENTION 

The present invention relates to a gas turbine engine 
fuel control having a fuel operated servo actuated fuel 
metering valve which servo includes a piston respon 
sive to pressurized fuel diverted from a main metered 
flow of fuel established by the metering valve and sub 
sequently returned to the main metered flow of fuel. 

It is an object of the present invention to provide a 
fuel control having metering valve means for establish 
ing a metered flow of fuel and fuel operated servo appa 
ratus for actuating the metering valve in response to a 
fuel pressure differential derived from the flow of me 
tered fuel. 

It is another object of the present invention to pro 
vide a fuel control having metering valve means for 
establishing a metered flow of fuel and fuel operated 
servo apparatus for actuating the metering valve in 
response to a fuel pressure differential derived from a 
fuel pressurizing valve in series flow with and down 
stream of the metering valve. 
Other objects and advantages of the present invention 

will be apparent to those skilled in the art from the 
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2 
following description taken with the accompanying 
drawing, 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing is a schematic representation of a gas 
turbine engine and associated fuel control apparatus 
embodying the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawing, numeral 10 designates a 
conventional gas turbine engine having an air inlet 12, 
an air compressor 14, a plurality of combustion cham 
bers 16, a gas turbine 18 connected via a shaft 20 to the 
compressor 14 to drive the same, and an exhaust nozzle 
22 from which the products of combustion are expelled 
to the atmosphere. A plurality of fuel injection nozzles 
24 connected to a fuel manifold 26 are adapted to inject 
metered pressurized fuel into the combustion chambers 
16 where the resulting air fuel mixture is burned to 
generate hot motive gas which passes through turbine 
18 to drive compressor 14 and exhausts through nozzle 
22 to the atmosphere to generate a propelling thrust. 
A metered flow of fuel is supplied to fuel manifold 26 

via a fuel tank 28, an engine driven fuel pump 30 of the 
positive displacement type, a fuel control generally 
indicated by 32 and including a hydromechanical fuel 
flow control section 34 and electronic sensing and sig 
nal computing section 36. 
The electronic sensing and signal computing section 

36 is conventional structurally and operationally in that 
it is connected to receive electrical input signals repre 
senting selected variable conditions of engine operation 
as, for example, engine speed N, compressor discharge 
air pressure Pc, power lever position PLA and compres 
sor inlet air temperature T or other engine tempera 
tures. The electrical input signals are sensed, compared 
electronically in a conventional manner resulting in a 
computed electrical signal which may be suitably ampli 
fied and discharged as an electrical output signal to the 
fuel section 34 for control purposes as will be described. 
The hydromechanical fuel flow control section 34 

includes a casing 38 having a fuel inlet 40 connected to 
receive pressurized fuel P1 from fuel pump 30 via a 
conduit 42 and a fuel outlet 44 connected to supplied 
metered fuel flow to fuel manifold 26 via conduit 46. 
The inlet 40 and outlet 44 are connected by a main fuel 
conduit which includes a passage 48, a fuel metering 
valve restriction 50, a passage 52, a fuel pressurizing 
valve restriction 54, a passage 56, a fuel cutoff valve 58 
and a passage 60. A fuel metering valve 62 slidably 
carried by casing 38 is provided with a tapered end 64 
which cooperates with restriction 50 to vary the effec 
tive flow area thereof. The opposite end of metering 
valve 62 is fixedly secured to a servo piston 66 slidably 
carried in a chamber 68 which is vented to passage 52 
intermediate restrictions 50 and 54 via a passage 70 
containing a restriction 72. A passage 74 containing a 
restriction 76 communicates chamber 68 with passage 
56 intermediate restriction 54 and cutoff valve 58. The 
passages 70 and 74 are connected via a passage 78 con 
taining a restriction 80. The restrictions 72, 76 and 80 
are preferably of the same effective flow area. The 
passage 70 downstream from restriction 72 is vented to 
passage 56 intermediate restriction 54 and cutoff valve 
58 via a passage 82, servo valve restriction 84, a cham 
ber 86 and a passage 88. The effective flow area of 
restriction 84 and thus servo fuel pressure P in chamber 
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68 is controlled by a movable servo valve 90 actuated 
by a conventional proportional electrical solenoid gen 
erally indicated by 92 which is electrically energized by 
electronic computing section 36 via suitable electrical 
leads 94, 95 and 96. The solenoid 92 is removably se 
cured to casing 38 by suitable fastening means such as 
bolts 97. 
The piston 66 is responsive to fuel pressure differen 

tial P-P established thereacross in chamber 68 via 
passages 70 and 74. Maximum and minimum open posi 
tions of metering valve 62 are established by adjustable 
stop means including a screw member 98 threadedly 
engaged with casing 38 and provided with a threaded 
stem 99 to which a nut 100 is threadedly secured. An 
arm 102 extending from piston 66 is slotted as at 104 to 
slidably receive stem 99 thereby allowing arm 102 to 
engage nut 100 or screw member 98 and limit the travel 
of piston 66 and metering valve 62 accordingly. It will 
be noted that screw member 98 may be adjusted to 
establish the maximum open position and thus maximum 
flow position of metering valve 62 whereas nut 100 may 
be adjusted to establish the minimum open position and 
thus minimum flow position of metering valve 62. 
A predetermined constant fuel pressure differential is 

maintained across metering valve restriction 50 regard 
less of the position of metering valve 62 by a bypass 
valve 106 disposed in a fuel bypass conduit 108 connect 
ing passage 48 with a fuel return passage 110 leading to 
the inlet of pump 30 at relatively low pump inlet pres 
sure Pa. The bypass valve 106 is slidably carried by 
casing 38 and actuated by a diaphragm 112 fixedly se 
cured to one end of valve 16. The diaphragm 112 is 
fixedly secured at its outermost peripheral portion to 
casing 38 and partially defines two chambers 114 and 
116. Chamber 114 is vented to passage 48 at fuel pres 
sure P1 via radial and axial passages 118 and 120, respec 
tively, in valve 106. Chamber 116 is vented to passage 
52 at metered fuel pressure P2 via a passage 122 contain 
ing a restriction 124. A compression spring 126 inter 
posed between casing 38 and by pass valve 106 serves to 
preload the valve 106 in a closing direction against the 
opposing force derived from diaphragm 112 to thereby 
regulate bypass flow through conduit 108 and thus 
pressure P as necessary to maintain the P-P2 differen 
tial at the selected value. 
A fuel pressure relief valve 128 loaded by a compres 

sion spring 130 vents passage 48 to passage 108 in the 
event fuel pressure P reaches a predetermined maxi 
mum allowable value. 
The fuel cutoff valve 58 operates to shut off fuel flow 

to the fuel manifold and simultaneously vent passage 56 
at metered fuel pressure P2 to relatively low fuel pump 
inlet pressure P. To that end, the cutoff valve 58 is 
slidably carried by casing 38 and provided with spaced 
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apart lands 132 and 134 which move into or out of 55 
engagement with passages 56 and 60, respectively, in 
response to movement of a power control lever 136. 
The power control lever 136 is fixedly secured to a shaft 
138 suitably mounted for rotation in casing 38 and pro 
vided with a lever arm 140. The cutoff valve 58 has a 
slotted end portion 142 adapted to slidably receive the 
free end 44 of lever arm 140. The end portion 142 is 
exposed to a chamber 146 vented via a passage 148 to 
bypass conduit 108 at pump inlet pressure Po. A notch 
or port 150 formed in land 134 is adapted to clear casing 
38 thereby venting passage 60 to chamber 146 at pres 
sure Po when valve 58 is actuated to a fuel cutoff posi 
to. 

65 
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The effective flow area of fuel pressurizing valve 

restriction 54 and thus pressure differential P-P3 there 
across is controlled by a cup-shaped pressurizing valve 
152 slidably carried in casing 38 and, in part, defining a 
chamber 154 which chamber 154 is vented via a passage 
155 to passage 56 at fuel pressure P3. A compression 
spring 156 interposed between valve 152 and a spring 
retaining cap or plug 158 removably secured to casing 
38 by any suitable fastening means such as bolts 160 
serves to preload valve 152 in a closing direction in 
opposition to the force derived from fuel pressure dif. 
ferential P-P3 acting across the base of valve 152. The 
use of a spring loaded pressurizing valve to establish a 
predetermined fuel back pressure in a fuel control for 
control purposes is a common feature in known fuel 
controls. However, it will be noted that Applicant's 
pressurizing valve 152 serves a dual purpose in that it 
not only establishes a fuel back pressure by remaining 
closed until spring 156 is overcome by a predetermined 
fuel pressure P2 but also, upon valve 152 opening, the 
chamber 154 is pressurized by the fuel pressure P3 in 
passage 56. The throttling effect of valve 152 on me 
tered fuel flow through restriction 54 serves to maintain 
the pressure differential P2-P3 at a constant value de 
pending upon the load exerted by spring 156. 
An electrical signal representing compressor dis 

charge pressure P is produced by an evacuated bellows 
162 exposed to a chamber 164 which is vented to the 
discharge end of compressor 14 via passages 166 and 
168. The bellows 162 is anchored at one end to casing 38 
and at its opposite movable end, is fixedly secured to a 
spring retaining plate 170. A stem or rod 172 fixedly 
secured to plate 170 is provided with a circular slug 174 
of magnetic material fixedly secured thereto. A cup 
shaped cap 176 removably secured to casing by suitable 
fastening means such as screws 178 is provided with an 
annular section 180 which is adapted to receive slug 174 
in radical spaced relationship therewith and which is 
provided with wire coils 182 embedded therein. Electri 
cal leads 184 and 186 connect coil 182 to electronic 
section 36 to thereby transmit an electrical signal indica 
tive of the position of bellows 162 in response to com 
pressor discharge pressure Pe. 
A metering valve 62 position feedback electrical sig 

nal is generated by a circular slug 188 fixedly secured to 
a stem 190 which stem 190 is fixedly secured to valve 62 
and axially movable therewith. The slug 188 is received 
by an annular section 192 of a cup-shaped cap 194 
fixedly secured to casing 38 by suitable fastening means 
such as screws 196 and, like cap 176, provided with 
wire coils 198 embedded therein, Electrical leads 200 
and 202 connect coils 200 to electronic section 36 to 
thereby transmit an electrical signal indicative of the 
position of metering valve 62. 
An electrical signal representing power lever 136 

position is generated by a conventional potentiometer 
204 having a rotatable shaft 206 on which a gear 208 is 
mounted to actuate the same. A gear 210 fixedly se 
cured to shaft 138 is meshed with gear 208 to drive gear 
208 in response to movement of power lever 136. Elec 
trical leads 212 and 214 connect potentiometer 204 to 
electronic section 36 to thereby transmit the electrical 
signal therebetween. 
Emergency control of fuel flow in the event of elec 

trical power failure is provided by normally closed 
conduit means in parallel flow relationship with meter 
ing valve 62 and pressurizing valve 152, which conduit 
means includes a passage 216 connected to passage 48 at 
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unmetered fuel pressure P, a movable valve member 
218 actuated to a normally closed position by an electri 
cally energized solenoid 220 provided with electrical 
leads 222 and 224 to electronic section 36, a passage 226 
terminating in a variable area restriction 228 controlled 5 
by a positionable valve 230, a chamber 232 and a pas 
sage 234 leading from chamber 232 to passage 56 down 
stream from pressurizing valve 152. A bellcrank pivot 
ally secured to a fixed support 236 is provided with an 
arm 238 having a positionable valve 230 fixedly secured 10 
thereto and a second arm 240 engageable with a cam 
follower pin 242. The cam follower pin 242 is slidably 
carried in an opening 244 in casing 38 which separates 
chamber 232 from a chamber 246. The follower pin 242 
bears against a rotatably and axially movable three di- 15 
mensional cam 248 secured to a shaft 250 extending 
from one end thereof into a recess 252 in casing 38 
which slidably supports shaft 250 for rotatable and axial 
movement. The opposite end of cam 248 is fixedly se 
cured to a free end of an evacuated bellows 254 coaxial 
with cam 248 and exposed to chamber 246. The oppo 
site end of bellows 254 is anchored to one end of a 
rotatable shaft 256 which extends through an opening 
258 in casing 38 into engagement with manually actu 
ated power lever 260 fixedly secured thereto. The shaft 
256 is prevented from shifting axially by spaced apart 
flanged portion 262 and washer 264 which slidably 
engage casing 38. A snap ring 266 engageable with shaft 
256 retains washer 264 in position on shaft 256. The 
chamber 246 is vented to ambient or atmospheric air 30 
pressure PA via a port 268. It will be understood that the 
cam 248 is rotatably positioned by power lever 260 and 
axially positioned by bellows 254 which expands or 
contracts, depending upon the relative change in pres 
sure PA imposed thereon. 
The engine 10 is put in operation by actuating the 

power lever 136 to an engine start position which 
through conventional control apparatus, not shown, 
acts to crank the engine 10 to a self-sustaining engine 
speed as will be recognized by those persons skilled in 
the gas turbine engine field. During engine cranking the 
fuel pump 30 is driven by the engine resulting in a flow 
of pressurized fuel to inlet 40 and thus pressurization of 
the interior of casing 38. The fuel pressurizing valve 152 
is held in a closed position by spring 156 until a prede 
termined fuel pressure P2 in passage 52 is reached 
whereupon valve 152 opens to admit fuel to passage 56. 
Assuming the powder lever 136 is advanced to an en 
gine idle position, the cut-off valve 58 will occupy an 
open position permitting fuel to pass through outlet 44 
and conduit 46 to fuel manifold 26 thereby pressurizing 
injectors 24. The fuel pressure P3 in passage 56 is trans 
mitted through passage 155 to chamber 154 where it 
acts against valve 152 in opposition to fuel pressure P2 
causing closing movement of valve 152 to increase the 55 
pressure differential Pa-P3 thereacross which, upon 
reaching a predetermined value and in combination 
with the effective area of valve 152 exposed thereto, 
produces a force balancing the opposing force of spring 
156. The valve 152 will respond to a change in pressure 60 
P2 or P3 tending to upset the balanced condition of 
valve 152 and actuate valve 152 in a closed or open 
position as necessary to maintain the predetermined 
differential P-P3 thereacross. 
The potentiometer 204 is positioned by power lever 65 

136 thereby generating a corresponding output signal to 
electronic section 36 which section 36 also receives an 
input electrical signal representing existing engine speed 
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N as pointed out heretofore. The power request and 
engine speed signals are compared resulting in a speed 
error signal which is transmitted to solenoid 92 which, 
in turn, is energized causing valve 90 to move in a clos 
ing direction in proportion to the error signal. The 
resulting increase in pressure P's unbalances piston 66 in 
a direction to open metering valve 62 thereby increas 
ing fuel flow through metering restriction 50 causing an 
increase in pressure P2 in passage 52 and thus a decrease 
in pressure differential P-P2 across metering restriction 
50 as well as an increase in pressure differential P2-P3 
across pressurizing valve 152. The slug 188 moves axi 
ally through annular section 178 in response to move 
ment of valve 62 thereby generating an electrical posi 
tion feedback signal to electronic section 36 which feed 
back signal is compared to the output signal applied to 
solenoid 92 to ensure the desired position of valve 62. 
The bypass valve 106 is actuated toward a closed posi 
tion by diaphragm 112 in response to the increase in 
pressure P2 thereby reducing the bypass flow to in 
crease pressure P as necessary to reestablish the prede 
termined differential P1-P2. The pressurizing valve 152 
is actuated in an opening direction in response to the 
pressure P2 increase thereby reducing the flow throt 
tling effect of valve 152 which results in an increase in 
pressure P3 in passage 56 to the extent that the predeter 
mined differential P2-P3 is reestablished across pressur 
izing valve 152. It will be understood that the above 
mentioned pressure variations are relatively brief, such 
that the pressure differentials P1-P and P2-P3 may be 
considered substantially constant regardless of the area 
change of metering restriction 50. The increase in fuel 
flow passes through cutoff valve 58 and outlet 44 to the 
engine 10 causing an increase in speed N which, in turn, 
is transmitted to electronic section 36. As speed N in 
creases toward the desired idle condition the speed 
error output signal applied to solenoid 92 diminishes 
and ultimately becomes zero upon engine speed stabiliz 
ing at the selected idle speed. Movement of power lever 
136 to higher power positions requesting an engine 
acceleration results in a similar sequence of operation 
whereas movement of power lever 136 from a higher to 
a lower power position requesting engine deceleration 
results in a reverse sequence of operation as will be 
understood by those persons skilled in the art. 

Preferably the restrictions 72, 76 and 80 are selected 
with equal effective flow areas such that the P-P3 
pressure drop across restriction 80 is equal to the drop 
P31-P3 across restriction 76 or one-half the total pres 
sure drop P-P3 across both restrictions 80 and 76. The 
pressure P31 intermediate restrictions 80 and 76 and 
acting against piston 66 is therefore maintained midway 
between pressures P2 and P3 such that a relatively large 
pressure differential P-P3 is available at all times to 
power the piston 66 in the event of sticking of the latter. 

In the event of an electrical power failure, the sole 
noid 92 is deemergized and suitably designed to move 
valve 90 to a fully open position thereby reducing pres 
sure P which unbalances piston 66 and thus metering 
valve 62 to a minimum flow position. Simultaneously, 
the power failure causes deenergization of solenoid 220 
which moves valve 218 to a fully open position where 
upon fuel flow through passage 226 is controlled by the 
effective area of valve 230. The position of valve 230 is 
dependent upon the position of cam 248 which is ro 
tated by power lever 260 and actuated axially in re 
sponse to atmospheric or compressor inlet air pressure 
PA thereby establishing an emergency fuel flow through 
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passage 234 which is a function of power lever 260 
position modified by atmospheric pressure PA. 

It will be noted that the pressurizing valve 152 pro 
vides a relatively large fuel pressure differential P-P3 
for powering the metering valve piston 66 and elimi 
nates the need for conventional separate fuel pressuriz 
ing valve apparatus in the main supply conduit to the 
engine and fuel pressure regulating valve apparatus for 
servo use. In addition, the metering valve 62 stroke may 
be made relatively large to reduce gain sensitivity of the 
metering valve 62 thereby improving accuracy. 

I claim: 
1. Fuel control apparatus for a combustion engine 

comprising: 
a fuel supply conduit for conducting a flow of pres 

surized fuel from a pressurized source to said en 
gine; 

first positionable valve means operatively connected 
to said supply conduit for establishing a controlled 
flow of fuel therethrough to said engine; 

first fuel pressure differential responsive means opera 
tively connected to said first valve means for actu 
ating the same; 

second valve means operatively connected to said 
supply conduit in series flow relationship with said 
first valve means and downstream therefrom for 
creating a predetermined back pressure against fuel 
flow through said first valve means and by re 
stricting fuel flow in the supply conduit to establish 
a predetermined fuel pressure differential in said 
supply conduit, said second valve having a wall that 
moves in an opened direction in response to said prede 
termined fuel pressure differential to allow fuel to 
flow to said engine, 

resilient means operatively connected to said second 
valve means for urging the same toward a closed 
position in opposition to the fuel pressure upstream 
therefrom 
second fuel pressure differential responsive means 
vented to said supply conduit upstream and down 
stream from said second valve means and respon 
sive to the fuel pressure differential therebetween 
for actuating said second valve means in an open 
ing direction in opposition to said resilient means; 
to establish a minimum fuel pressure differential 

first passage means connected to said supply conduit 
in parallel flow relationship with said second valve 
means; 

second passage means connecting said first fuel pres 
sure differential responsive means to said supply 
conduit downstream from said second valve 
means; 

a restriction in said first passage means; 
a first variable area valve in said first passage means 

for controlling the fuel pressure intermediate said 
restriction and said variable area valve; and 

control means responsive to a plurality of variable 
conditions of engine operation operatively con 
nected to said variable area valve for actuating the 
same; 

said first fuel pressure differential responsive means 
being verted vented to said first passage means 
intermediate said restriction and said variable area 
valve and responsive to the fuel pressure differen 
tial between said intermediate fuel pressure and 
said fuel pressure in said second passage means. 

2. Fuel control apparatus as claimed in claim 1 and 
further including: 
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a restriction in said second passage means; and 
third passage means having a restriction therein con 

necting said first passage means upstream from said 
restriction therein to said second passage means 
intermediate said restriction therein and said first 
fuel pressure differential responsive means. 

3. Fuel control apparatus as claimed in claim 2 
wherein: 

said restriction in said second passage means and said 
restriction in said third passage means are fixed and 
have equal flow areas. 

4. Fuel control apparatus as claimed in claim 1 
wherein: 

said pressurized source is a positive displacement fuel 
pump; 

said first valve means includes a second variable area 
valve for controlling the effective flow area of said 
supply conduit and a fuel bypass valve operatively 
connected to said supply conduit for maintaining a 
constant predetermined fuel pressure differential 
across said variable area valve. 

5. Fuel control apparatus as claimed in claim 1 
wherein: 

said variable conditions of engine operation includes 
position of a power lever and engine speed. 

6. Fuel control apparatus as claimed in claim 5 
wherein: 

said variable conditions of operation further include 
an engine operating air pressure related to engine 
power output. 

7. Fuel control apparatus as claimed in claim 6 
wherein: 

said variable conditions of engine operation further 
include the temperature and pressure of air con 
sumed by the engine. 

8. Fuel control apparatus as claimed in claim 1 
wherein: 

said control means includes an electrically actuated 
proportional solenoid connected to said variable 
area valve and responsive to an electrical input 
signal; and 

electronic means responsive to said plurality of vari 
able conditions of engine operation for product 
ing producing said electrical input signal as a func 
tion of said variable conditions of engine operation. 

9. Fuel control apparatus as claimed in claim 1 and 
further including: 

position signal generating means operatively con 
nected to said first positionable valve means; and 

means operatively connecting said position signal 
generating means and said control means for trans 
mitting said position signal to said control means. 

10. Fuel control apparatus as claimed in claim 1 and 
further including: 

first and second stop means operatively connected to 
said first positionable valve means for limiting 
movement of said first valve means in a closing and 
opening direction, respectively. 

11. Fuel control apparatus as claimed in claim 8 and 
60 further including: 

65 

an emergency fuel supply conduit connected at one 
end to said supply conduit upstream from said first 
valve means and at the opposite end to said supply 
conduit downstream from said second valve 
means; 

normally closed third valve means in said emergency 
fuel supply conduit blocking fuel flow there 
through; 
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means responsive to a plurality of variable conditions 
fourth valve means in said emergency fuel supply of engine operation operatively connected to said 

conduit for controlling the effective flow area fourth valve means for actuating the same. 
12. Fuel control apparatus as claimed in claim 10 

thereof; 5 wherein: 
said last named means includes a three dimensional electrically actuated means operatively connected to can contoured as a function of said plurality of 

said third valve means for actuating the same to an variable conditions associated therewith which 
open position in response to an electrical power includes position of a power lever and atmospheric 

O air pressure. 
failure; and K E is 
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