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The present invention applies to fuel plump 
control apparatus for an internal combustion 
engine, and relates particularly to a dual fuel 
pump System in which failure of either pump 
does not impair performance of the engine. 

Fuel pump control apparatus to which the 
present invention is related is employed for de 
livering fuel to internal combustion engines, in 
cluding those suitable for jet-propulsion, pro 
peller-propulsion or combined propeller-and-jet 
propulsion of aircraft. Such engines usually 
include an air compressor, one or more combus 
tion chambers, a turbine, and a tail pipe, in the 
stated order of arrangement. Associated with 
the engine there is fuel control apparatus re 
Sponsive to the engine speed, temperature, and 
altitude of flight, or to some combination of such 
engine Operating conditions, for determining the 
fuel pump delivery necessary to satisfy the en 
gine operator's requirements in terms of engine 
Speed, torque, or brake-horsepower. The fuel 
pump control apparatus is therefore responsive 
to the fuel control apparatus. 

It is an object of my invention to provide im 
proved fuel pump control apparatus for an in- : 
ternal combustion engine, said apparatus includ 
ing two pumps and being responsive to a control 
preSSure Supplied thereto which is a function of 
the desired fuel pump delivery. 
Another object of my invention is to provide a 

dual fuel pump systern and improved means for 
control thereof to render the normal working 
load on each pump approximately one half the 
total pumping load, thereby increasing life ex 
pectancy and quality of performance of the 
pumpS. 
A further object of this invention is to pro 

vide in such apparatus improved means whereby 
failure of either pump in such a dual pump sys 
ten does not impair performance of the engine. 

Still further objects of the present invention 
are to provide improved manually operated 
means for cutting off the supply of fuel from the 
fuel punps to the engine, and to provide in 
proved means for manually controlling the fuel 
flow in an emergency created by failure of either 
the fuel control apparatus or the fuel pump cor 
trol apparatus. 

Otheir objects and advantages of the present, in 
vention will hecome apparent from a considera 
tion of the specification, claims, and drawing in 
cluded herein. 
The drawing, shows, Somewhat diagrammati 

cally, fuel pump control apparatus embodying the 
principles of my invention together with the re 
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2 
lationship of such apparatus to an internal com 
bustion engine and to fuel control apparatus as 
Sociated With said engine. 

Referring to the drawing, there are shown the 
principal elements of an internal combustion en 
gine Suitable for propeller-propulsion or pro 
peller-and-jet propulsion of aircraft, as follows: 
a Supporting casing 0, an air inlet 2, a multi 
Stage Cornpressor indicated as 4, a compressor 
rotor 6, a combustion chamber 8, a number of 
fuel discharge nozzles one of which is designated 
2, a generally circular fuel manifold 22, a multi 
Stage turbine indicated as 24, a turbine rotor 26 
connected to the compressor rotor 6, a tail pipe 
28 for discharge of combustion gases from tur 
bine 24, a center bearing 30 and end bearings 32 
and 34 supported by casing 0, a propeller shaft 
36, and a gear train 38 connecting shaft 36 to 6. 
The principal elements of the pump control 

apparatus shown in the drawing are identified 
in the following brief account of its normal op 
eration which is generally defined to indicate 
fully automatic functioning of all elements of the 
fuel pump control apparatus in absence of failure 
of any element whatever. Fuel enters a fuel Sup 
ply conduit 52 connected to a source of fuel 53 at 
a pressure (p1) and flows therefrom thru a Con 
duit 59, a primary pump. 48 and a secondary 
purnip 66 connected in series with pump 48 by a 
conduit is, and from secondary pump 66 at a 
pressure (p3) thru connected conduits 76 and 78, 
past a first piston valve 92 in a valving device 42, 
and thru a, conduit 4 to manifold 22 of the en 

The capacity of the primary pump. 48 is 
approximately 10% greater than that of the 
secondary pump 66, the excess fuel discharged 
by pump 8 at a pressure (p2) being by-passed 
thru a pair of conduits 62 and 58 thru a relief 
valve mechanism 38 and a conduit 66, thence 
flowing unrestrictedly thru a control valve 
mechanism, 46 and a conduit 6, past a valve 08 
in valving device 42, to conduit 50. The relief 
valve mechanism regulates the pressure (p2) in 
conduits 58, 2 and S4, maintaining this pres 
Stre equal to the value of the control pressure 
(pe) which is transmitted to mechanism 38 and 
45 thru a, conduit .32 and another conduit 3 
connected to a fuel control apparatus diagram 
matically shown as 28. The control pressure 
(pc) is a function of the desired fuel flow. The 
control valve mechanism 45 is connected to con 
duit 8 and regulates the pressure (p3) therein 
and hence the pressure downstream from sec 
ondary pump 66 by allowing part of the fuel dis 
charged by pump 66 to flow thru mechanism 4.5 
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into conduit 06 and thence past valve 08 in 
valving device 42 to conduit 50 at the pressure 
(p1). The pressure (p3) in conduit 78 is regu 
lated in response to the control pressure (pc) at a 
value approximately twice that of pressure (pic). 
Since, in normal operation, (p2=pc), the pres 
Sure rise acroSS pump 48 is approximately 
(pc-p1), and, Since the pressure (p3s2pe), the 
rise a CrOSS pump 66 is approximately (2pc-pe); 
Whence it follows that, considering (p1) to be 
approximately atmospheric or other relatively 
low pressure, the rise across each pump is ap 
proximately equal to the value of gage pressure 
(pc), the rise acroSS both pumps being approxi 
mately (2pc). The ratios (p2: pe) and (p3:pc) 
and hence the ratio (p3:p2) may be selected to 
provide any desired distribution of the total load 
between pumps 48 and 66. 
The range of values of the control preSSure 

(pc) is predetermined by the design of fuel con 
trol apparatus 28, the pressure (pc) being Some 
function of such engine operating conditions as 
Speed, torque, and brake-horsepower. The de 
mand for fuel increases as the brake-horsepower 
increases, as the Speed increases when the torque 
is constant, and as the torque increases when the 
speed is constant. In the embodiment shown the 
control pressure (pc) increases as the desired fuel 
flow increases. It is conceivable, however, to en 
ploy fuel control apparatus providing a control 
pressure decreasing as fuel flow increases, in 
which case a modification of the fuel pump con 
trol apparatus shown in the drawing is necessary. 
In design of the fuel pump control apparatus, 
the capacity of secondary pump 66 must be 
slightly greater than necessary to Satisfy maxi 
mum fuel requirements of the engine at the low 
est value of engine Speed applying to Such maxi 
nunn fuel flow. Prerequisite to design of the 
apparatus shown is provision of a range of values 
of control pressure (pic) having an approximately 
1:2 ratio with the corresponding values of the 
corresponding range of the pressure (p3) of file 
delivered to the engine. 
The valving device 42 is responsive to move 

ment of a nanually operated valve control lever 
22 to cut off the flow from conduit 8 to con 
duit 40, thereby cutting off the flow to the engine 
and stopping the operation thereof. 

In addition to the elements identified in the 
foregoing brief account of normal operation of 
the embodiment shown, there are two check valve 
mechanisms 89 and 80, respectively, and addi 
tional conduits which are required in the eyent 
of certain types of failure of one or more of the 
identified elements, as hereinafter described. 
Again referring to the drawing in detail, the 

primary pump 48 is shown to include a body 54 
having therein a pair of gears 56 and 58. Gear 
56 is rotatable on a shaft 6 by gear 58, and gear 
58 is fixed to a drive bushing 59 which has a 
splined coupling 6 connecting it to a main drive 
shaft 62 thrul a, shear pin 63. In the embodiment 
shown, shaft 62 is rotated by the engine at a 
Speed proportional to the engine speed, but other 
Suitable means of driving the shaft may be em 
ployed if desired. 

Conduit 64 connects the outlet of primary 
pump 48 to the inlet of secondary pump 66 which 
is of approximately ten per cent less capacity 
than pump 48 but of similar construction, the 
normal delivery thru pumps 48 and 66 being 
substantially constant at any given value of pump 
Speed when the mechanical condition of the 
pumps in respect to wear and pump clearances 
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4. 
is substantially constant. Included in pump 66 
there is a body 68 having therein a pair of gears 

and 12. Gear ) is rotatable on a shaft 74 by 
gear 2 which is fixed to a drive bushing 73 hav 
ing a splined coupling 75 connecting it to main 
drive shaft 62 thru a shear pin 77. Drive bush 
ings 59 and 73 are rotatable in fixed bearings 79, 
8 and 83. Provision of shear pins 63 and TT is 
to forestall complete failure of the apparatus in 
the event of failure of a single pump. Thus, if 
either punp binds and the torque required for 
its rotation exceeds a predetermined value, the 
corresponding shear pin fails, stopping the one 
puimp and allowing operation of the other to 
continue. Failure of either pump, therefore, re 
Sulting from binding or any other cause of stop 
page or exceSSive torque does not impair rotation 
of the other. 
The outlet of secondary punip SS is Connected 

by conduit 76 to conduit 78 which, in turn, is 
connected thru valving device 42 to conduit 40. 
Conduit 8 is also connected to control wave 
mechanism 46 and, thru a passage i8, to check 
valve mechanism 30, which is normally closed. 
Walving device 42 includes a poiy 82 having 

therein a pair of parallel cylindrical bores 84 and 
86, the left ends of which are closed by body 82. 
Near the right-hand ends of bores 84 and 86 
there are two annular grooves 88 and 90, respec 
tively. Groove 38 is connected to conduit 49 and 
a chamber 4 at the right-hand end of bore 84 
is connected to conduit 78. Flow fronn conduit 8 
to conduit 40 is controllable by means of piston 
valve 92 which is slidable in bore 84 in response 
to movement of a gear 94 mounted on a control 
shaft, 96. Gear 34 engages a centrally located 
toothed portion 98 of the valve length which has 
a somewhat Srinaller diameter than that of bore 
84. A channel 3) is provided in the valve to 
equalize pressures in chamber 04 and a corre 
Sponding charaber 92 2:t the left-hand end of 
bore 84, and to permit sufficiently rapid move 
ment of a Substantially leak-proof piston. 

Similarly, groove 99 in bore 86 is connected to 
conduit 50 and a chamber 6 at the right-hand 
end of bore 86 is connected to conduit OS, Flow 
between conduits OS and 50 is controllable by 
means of piston valve 98 which is like valve 92 
and is similarly slidable in bore 88 in response 
to movement of gear 94 in relation to a toothed 
portion 9 of valve 08. A channel 2 is pro 
vided in valve 08 to equalize pressures in cham 
ber 6 and a corresponding chanber 4 at the 
left-hand end of bore 86. 
Shaft 95 in valving device 42 is connected to 

a shaft 8 rotatable in a fixed bearing 20. The 
inhanually operated valve control lever 22 is fixed 
to shaft 8 and is rotatable thru an arc deter. 
mined by a pair of stops 24 and 26 which are 
located so that, when lever 22 is moved to the 
"energency' position at the extreme limit of 
counterclockwise travel, gear 94 moves valve 92 
leftward from the normal position shown in the 
drawing and simultaneously moves valve 08 to 
ward the right to block groove 90, thereby clos 
ing the passage between conduits 06 and 50. 
Similarly, when lever 22 is moved to the 'cut 
off’ position at the extreme limit of clockwise 
travel, gear 94 moves valve 08 leftward from 
the normal position shown and simultaneously 
noves valve 92 toward the right to block groove 
88, thereby preventing flow from conduit 18 to 
Conduit 40. 
In the "normal' position shown, lever 22, is 

vertical and valves 92 and 08 just clear grooves 
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88 and 98, respectively. In this position, there 
is negligible or no pressure loss as flow occurs 
between conduits 3 and , or between conduits 

S and SS. Leftward movement of either valve 
from the 'normal' position does not increase the 
flow area controlled by that valve; but such 
moverinent is accompanied by corresponding 
movement toward the right of the other valve, 
which therefore does restrict the area of flow 
'past itself, the amount, of such restriction de 
pending on the extent of movement of lever 22 
from its 'normal' or vertical position. The Valve 
control lever 22 is not to be confused with the 
engine control lever generally associated with the 
fuel control apparatus 28. 
The fuel control apparatus 23 normally pro 

wides a, control oil pressure (pc) which is a nea S 
ure of the desired fuel flow to the engine. Con 
duit 3 is connected to apparatus 228 for the 
flow of control cil at pressure (pc) to conduit 32, 
the left-hand and right-hand ends of which are 
respectively connected to a closed chamber 34 in 
pressure control valve mechanism 46 and to a 
closed chamber 36 in relief valve mechanism. 
38. 
Relief valve mechanism 38 has a body 43 with 

a generally cylindrical hollow interior, the upp3r 
end of which is of somewhat greater diameter 
than the lower end, there being a Symmetrical 
step 4 between an upper cylinder 42 and a low 
er cylinder 44. A bellows f48 is fixed in gy 
inder 42 to step 41, chamber 36 being de 
fined by cylinder 42, step 4:, and the exterior 
'Surface of bellows 46. 
A stem 48 attached to the lower side of the 

upper end of bellows i4S serves to transmit no 
tion of bellows 46 to a piston valve it which 
is slidable in cylinder 44. A chamber 52 below 
piston 5) is connected by a channel 54 in the 
piston to a chamber 5s inside bellows 46, the 3: 
pressures in chambers 52 and 5S thus being 
equalized. An annular groove 34, in guide f44, 
is connected to conduit 36 for permitting foW 
of fuel along a path including conduit 58, cham 
ber 52, groove 64, and conduit 66, in the 
stated order. When Such flow occurs, motion of 
piston 5) is effective to vary the effective area, 
of flow into groove 64, thereby varying the pres 
sure (p2) in chainber 52. 

In relief valve mechanisin 38, the effective 
area (A) of bellows 46 equals that of piston 5. 
Since the opposite forces acting on piston 50 
due to identical pressures (p2) in chambers 5 
and 52 are equal and therefore ineffective to 
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produce motion of the piston, the position of pis 
ton 59 is controlled by a balance between two 
other forces, as follows: a downward force (pcA) 
due to the pressure (pc) in chamber 3G acting 
ion bellows 46 and an opposing force. (A X tha 
pressure in chamber 52) acting on the pistol. 

. Piston 59 seeks a position at which the stated 
forces are in equilibrium or at which the pres 

: sure (p2) in chamber 52 equals the control. 2:res 
sure (pic). It is apparent therefore that, the pres 
sure (p2) in conduits 58, 62, and 64 is main 
tained at the value of the control pressure (pe) 
of oil supplied to the fuel pump control appara 
tus by the fuel control apparatus 28. 

Pressure control valve mechanism 46 includes 
a housing 93 in the upper end of which there is 
a generally cylindrical cavity. 29 having as its 
centerline the vertical centerline of housing 33. 
"The lower end of a bellows 202 is fixed to the 
lower end of cavity. 209, chamber 34 being de 
fined by the exterior of bellows 202 and the pe-, 
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riphery of cavity 200. A second bellows 204 in 
side bellows 202 has its respective ends fixed to 
the upper end of bellows 202 and to the lower 
end of cavity 200. A chamber 206 thus formed 
between bellows 202 and 204 is connected to a 
conduit 44 for transmission of the compressor 
inlet pressure (p) from the engine to mecha 
nism, 46. - 

A circular opening 28 is provided in housing 
i98 at the lower end of cavity 200 at the approxi 
mate center of the lower end of bellows 204. 
Housing 98 is extended downward from the 
opening 208 to form a substantially cylindrical 
shell 209 which serves to retain a valve guide 20 
which is pressed into shell 209. Use of separate 
pieces 98 and 20 is for the purpose of facilitat 
ing machining of the guide 2. 
Guide 20 has a cylindrical bore 22 in line with 

opening 208, the lower end of bore 22 being 
closed by the end of guide 20. A piston 24 con 
nected to the top of bellows 24 and hence to 
the top of bellows 202, by means of a stem 26, 
is slidable in bore 22 in response to movement 
of bellows 202 and 204. There is a chamber. 28 
below valve 24 to which conduit 8 is connected. 
The respective pressures in chamber 2 8 and in 
a chamber 22) above wave 24 and inside bellows 
24 are equalized by provision of a channel 222 
in piston 24. Piston 24 is of a generally cylin 
drical shape and has an undercut 224 which pro 
vides an upper valve 226, a lower valve 228, and 
an annular chanber 229 inside bore 22. 

Bore 2 2 of guide 20 has an upper port 230 
connecting chamber 229 to an upper annular 
groove 232 on the outside of guide 20. Conduit 
36 is connected to groove 232 and hence to 

chamber 229 thru an aperture 234 in shell 298 
opposite groove, 232. As shown, port 230 is un 
restricted but it is valved by the lower face of 
upper Valve 226 when belows 22 and 204 are 
sufficiently, contracted, as is subsequently ex 
plained. If desired, a multiple port arrangement 
may be employed instead of the single port 230 
shown. 
A lower annular groove 23S Sirnillar to groove 

232 is provided approximately opposite lower 
valve 228. Shell 23 has an opening 238, oppo 
site groove 236, to which conduit 6 is connected. 
At the upper end of groove 336 two like aper 
tures 249 are provided in guide 2 which af 
ford 'a passage of constant area, from chamber 
229, thru apertures 249, and past groove 236 to 
conduit 96 so that flow along this path is always 
unrestricted, the pressure in chamber 229 there 
fore always equaling the pressure (31) in con 
duit 06 when bellows 92 and (4 are not suf 
ficiently contracted to cause closure of port 23). 
At the lower end of groove 236 a pair of ports 

242 is provided in-guide 2 9 which provide pas 
sage from chamber 2 8 to groove 23S and into 
conduit a 23. Any suitable number of ports 242 
may be employed. Ports 242 are valved by the 
lower edge of lower valve 228, thereby restricting 
the area of flow from chamber 288 to conduit 
86, when bellows 232 and 24 are sufficiently 

contracted, the degree of restriction depending 
upon the position of valve 328. Walves 226 and 
228 and ports 240 and 242 are so disposed in re 
lation to each other that, as hellows 282 and 204 
contract, valve 328 first closes ports 242 and then 
valve 226. closes port 23). , - 

. . The position of piston, 234, and hence the po 
Sition of waives 223 and 228, is determined solely 

": by the balance of forces acting on bellows 22 and 
204, since the same pressure (p3) in chambers 
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220 and 28 acts directly on the piston to produce 
opposite forces of identical magnitude. The ef 
fective forces are equated as follows, for the Con 
dition of equilibrium which exists in steady state 
operation of control valve mechanism 46: 
(Downward force) = (sum of upward forces) 

or 

pcA=pe (A-0) --23d. 
in which (A) and (a) are the effective areas of 
bellows 202 and 204, respectively. The quantity 
(A-a) is of Small value and the value of pres 
sure (p) is also small compared with the respec 
tive values of the pressures (pc) and (pia). There 
fore, the force pe (Al- a) in the above equation 
is small and is neglected in the present discus 
sion for purposes of simplification, whence it is 
possible to say that: 

pcA=p3a. 

o 

(p3): (pe) seA:a 
In the embodiment shown, the area (A) of 

bellows 202 is approximately twice the area, (a) 
of bellows 204; or (A) as 2(a). It is apparent, 
that (pa): (pic) as 2:1, or that the value of the pres 
sure (p3) in chamber 2 8 is approximately equal 
to 2(pc) in normal operation. The normal func 
tion of control valve mechanism 46 is to regulate 
the pressure (p3) in this substantially constant 
relationship with the control pressure (pe). 

NORMA, OPERATION--SUMMARY 
Equally eficient primary and secondary pumps 
In normal operation, valve control lever 22 is 

in its "normal' or vertical position; unrestricted 
flow may then occur thru valve mechanism 42, 
from conduit 78 to conduit 40, and from conduit 
06 to conduit 50. Also, relief valve mechanism 
38 regulates the pressure (p2) at the outlet from 
primary pump 48 and hence at the inlet to sec 
ondary pump 66, at a value approximately equal 
to the value of the control pressure (pc) Supplied 
by the fuel control apparatus 28. Similarly, the 
control valve mechanism 46 regulates the pressure 
(p3) at the outlet from secondary pump 66, at 
a value approximately equal to twice the value 
of the control pressure (pe). Thus, in normal op 
eration, both primary and secondary pumps. 48 
and 66 are functioning properly with the same 
or nearly the same efficiency and approximately 
one half of the total pumping load is imposed 
on each. The life expectancy of each pump is 
thereby approximately doubled and the character 
of pump performance is maintained at a higher 
level than would be possible with a single pump 
subject to wear resulting from carrying the en 
tire pumping load. In normal operation, with 
"both pumps about equally efficient, all fuel en 
tering secondary pump 66 is delivered to it thru 
conduit 64 from primary pump 48. 

Cutoff 
When valve control lever 22 is moved clock 

wise to 'cut-off’ position, valve 92 in device 42 
moves toward the right and blocks flow from con 
duit 78 thru chamber 04 and port 88 into con 
duit 40, regardless of the value of the control oil 
pressure (pic). Cut-off is thus rendered imme 
diately responsive to movement of lever 22 with 
out any time lag such as might result by stopping 
the engine by first reducing the control oil pres 
sure (p). The value of the pressure (p3), in 
normal cut-off, continues to be regulated by 
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mechanism 4.6 as a function of the control oil 
pressure (pe), there being no abnormal strain in 
posed on the system by movement of lever 22 to 
cut-off position. 

Primary pump failure 
When the primary pump 48 fails. Owing to 

stoppage or excessive torque, shear pin 63 fails, 
thereby allowing drive shaft 62 to rotate in 
splined coupling 6, and the secondary pump 66 
continues to operate at the corer.ct speed. Failure 
of primary pump 48 may also occur as a result 
of wear or other cause of a reduction of capacity 
which prevents it from maintaining a desired 
value (p2) of fuel pressure in conduit 64. In gen 
era, therefore, failure may be considered a pro 
hibitive capacity decrease whether such decrease 
is, caused by wear or leakage due to inefficiency 
of a pump being driven at the correct speed or 
by reduction of the pump. Speed to zero by shear 
pin failure. 
When primary pump 48. fails. So that mecha 

nism 38 cannot regulate the pressure in conduit 
64 and hence at the entrance of secondary pump 
66 at a value as great as that of the control pres 
sure (pc). relief valve mechanism 38 responds by 
lowering piston 50 to an extreme position at 
which the annular groove 64 is blocked off and 
flow from Conduit f62 to conduit 66 is stopped. 
Thus, no pressure loss occurs in conduit G4 as a 
result of flow thru conduit 62 when the pressure 
(p2) in conduit 64 is less than that of the control 
pressure (pc), and all fuel delivered by primary 
pump 48 to conduit 64 enters secondary pump 
66, under this condition. 
The capacity of secondary pump 66 is suff 

ciently great to supply all fuel required by the 
engine at the value of the pressure (p3) deter 
mined by the control oil pressure. (pc) acting in 
the control valve mechanism, 46. As the pressure 
in conduit 64 decreases the pressure differential 
acting across Secondary pump 66 is required to in 
crease accordingly, pump 66 being subjected to 
the load imposed by the total normal differential 
across both pumps, when primary pump. 48 fails 
completely, or to an increased load corresponding 
i the degree of partial failure of primary pump 

As the flow from primary pump. 68 into conduit 
64 decreases because of the failure referred to, 
secondary pump 66 continues to supply conduits 
6 and 78 with Sufficient fuel to naintain the 

value of pressure (p3) determined by mechanism 
46. Since Secondary pump 66 cannot obtain 
sufficient fuel from primary pump 48, however, 
the value of the pressure (p2) in conduit 64 con 
tinues to fall below that of the control pressure 
(pic). When the value of pressure. (pg) in conduit 

: 64 becomes less than the value of pressure (pi) 
in conduit 59, provision is made for the flow of 
fuel from conduit 50, and thru a conduit 82 and 
a check valve mechanism 80, into a conduit 84 
and thence to conduit 64, thereby by-passing 
primary pump 48 and permitting Secondary 
pump 66 to operate at full capacity but at the 
greater rise measured by the increased value of 
the differential (p3-p2). 
Check valve mechanism 80 includes a housing 

86 and a ball valve 88 movable in a chamber 
90, chamber 90 being connected to conduit f84 
and being separated by a seat 92 from another 
chamber 94 which is open to conduit (82. 
When the pressure (p2) in chamber 90 exceeds 
the pressure (pi) in chamber 94, ball valve 88 
moves upward to seat 92, thereby preventing 



2,669,838 
9 

flow thru mechanism 8. As previously indi 
cated, however, when the pressure (p2) in cham 
ber 9) is less than the pressure (pi) in chamber 
94, ball valve 88 moves downward to a stop 
96 in chamber 9 to allow fuel to fiew thru 
check valve mechanism 89 along the path pre 
viously defined. If desired, a spring rnay be used 
to bias ball valve $8 toward open position in 
order to permit, ope:ning of the yaive in response 
to a Staller decrease of pressure in conduit 64 
when plinary puinp 8 fails. 

It is thus apparent that, when prixnary purp 
43 fails owing to inefficiency or stoppage to pusilip 
Sufficient fuel into conduit 63 to maintain the 
value of pressure (p2) equal to that of the control 
preSSure (pc), secondary pump 36 assunies the 
entire load or whatever increased load is neces 
Saty without changing the fuel flow to the engine 
and hence without impairing engine operatioa. 
In Order to accomplish this, piston 50 moves to 
shut off fuel flow across mechanism 38, and 
check Valve nechanism 8 operates to by-pass 
fuel ai'ound gunp is 8 to conduit 64 and hence 
to pump 63. 

Secondary puting jailure 
When secondary purnp 68 fails owing to stop 

page or excessive torque, shear pin a fails, there 
by allowing drive shaft 2 to rotate in splined 
Coupling 3, and the primary pump &S continues 
to operate at the correct speed. Failure of sea 
ondary pump is may also occur as a result of 
Wear or other cause of a reduction of capacity 
which prevents it from ranaintaining desired 
values of the Woline of illow and of the pressure 
(p3) in conduit is. As is true of primary pump 
38, failure of secondary pump 85 may be gener 
ally ascribed to prohibitive capacity decrease, 
whether such decrease is caused by wear or leak 
age while the speed is correct, or by reduction 
of the pump speed to zero by shear pin failure. 
When secondary pump 53 fails to produce a 

desired value of the pressure (p3), primary pump 
&8 response by assuming whatever increased load 
is necessary to maintain pressure (p3) at the 
desired value. Since, at any given pump speed 
corresponding to a given engine operating con 
dition, the fuel delivery from primary pump 8 
is constant: it is apparent that, when a normal 
proportion of the fuel discharged by pump 8 
does not pass thru Seconday pump 56, the pres 
sure in conduits $5, $36, 32 and 33 increases to 
a value greater than the value of the control 
pressure (pc). The initial effect produced by 
this pressure increase is to cause piston 50 in 
relief valve nechanism 38 to open to reduce the 
pressure (p2) to the value of pressure (ge). Thus 
mechanisza 38 will not allow pressure (p2) to 
exceed CleSSUre (pc) as loing as there is unre 
stricted flow ifrom conduit 38 across mechanism 
45 to conduit 9 as has been the case thus far. 
Depending upon the nature and extent, of failure 
of secondary pump 33, however, While mechanism 
i38 tries to maintain pressure (p2) at the value 
of pressure (pe), the pressure in conduit F8 has 
a value between Zero and a value Soilewihat, less 
than that of the pressure (pe), since all fuel 
entering conduit 8 must pass thru pump S3 from 
conduit; 35. As the pressure (p3) in conduit 8 
falls below the pressure (pc) the control valve 
mechanism $6 responds by contraction of bellows 
232 and 26 until valve 228 closes port, 242, the 
bellows continuing to contract until valve 226 
restricts port, 23. The regulation of the pres 
sure (p3) in conduit 8 thus becomes a function 
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of valve 226 in relation to port 23 rather than of 
valve 228 in relation to ports 242 as is normally 
the case. Since the fuel flowing into coinduits 6 
and 78 fron pulmp 6 is insufficient to paintain 
the pressure (p3) in conduit, 3 at a desired value, 
bellows 292 and 2i is in mechanis: 86 would con 
tinue to contract until Valve 22 closed port 23, 
there then being no fuel Whate'sfer owing from 
conduit 63 thru conduits 32 and 53 to mech 
anisms 38 and 48. As the pressure {g} in con 
duit, 62 becomes equal to or exceeds the pressure 
(£3) in coinduit, 8, however, which it does when 
preSSure (g2} is only slightly greater than (pc), 
fioW of fuel is periitted along a path from con 
duit 53, thr), a check valve mechanism 39, and 
thence thru conduit f8 to conduit 8. The 
pressure (p23) in conduit 8 is thereby restored 
to a desize waiue and itS regulation by mech 
a;ism. A 3 is accomplished by moveinent of valve 
226 in respect to port. 23. Check valve mech 
anisin 89 comprises elements identical with those 
of mechanism 89, conduits 53 and 8 being 
related to mechanism 8') as conduits 82 and 84 
are related to mechanism 8. 
Thus, when the secondary pump 66 fails, owing 

to inefficiency or Stoppage, to pump sufficient 
fuel into conduits 6 and 78 to maintain a re 
quired value of the pressure (p3), primary pump 
48 assumes all or whatever additional load is 
required. In this condition of the apparatus, 
check valve mechanism 8 is open, relief valve 
necharisin 38 is ineffective, and regulation of 
pressure (p3) is accomplished by the movement 
of valve 226 in mechanism 4S in relation to port 
3. Fuel flow to the engine is unaffected and 
hence the engine performance is unimpaired by 
Slich failure. 
Control valve failure-both pumps operating 
In the event of failure of control valve mecha 

nish 48 in a manner which prevents it from reg 
ulating pressure (p3), whether or not as a result 
of a bellows leak or other cause, piston 24 moves 
upWard Or down Ward from its correct position de 
pending upon the nature of such failure. The 
failure is made apparent by faulty engine per 
formance. 
When mechanisin 46 fails and the fuel fioW is 

low as is the case when pressure (p3) is less than 
desired, valve control lever 22 is moved counter 
clockwise toward the “emergency' position, 
thereby causing valve fo8 to restrict the flow of 
fuel from conduit 06 across valving device 42 to 
Conduit 50. AS Such restriction is increased, the 
preSSure (p3) in conduit 78 increases and the 
position of the lever 22 is determined to produce 
the desired engine speed. 
When mechanism 46 fails and the fuel flow is 

high as is the case when pressure (p3) is higher 
than desired, valve control lever 22 is moved 
clockwise toward "cut-off’ position, thereby caus 
ing valve 92 to restrict the flow of fuel from con 
duit 8 across valving device 42 to conduit 40. 
AS Such restriction is increased, the fuel flow to 
the engine decreases but the pressure (p3) con 
tinues to remain higher than normally desired. 
In this case, control of fuel flow is accomplished 
by regulating the effective area of flow past valve 
92 rather than by regulation of the pressure (p3). 
The position of lever 22 is determined to produce 
the desired engine Speed. 
Manual control of fuel flow to either increase 

Or decrease the flow disturbs the normal rela 
tionship between the respective, functions of 
mechanisms 46 and 38 and between the pres 
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sures (pe), (p2), and (p3). Similarly, failure of 
mechanism 46 disturbs the normal relationship 
between the respective loads on the pumps, the 
effect being most serious when mechanism, 48 

... fails in a manner which completely stops flow 
into conduit 06. When this occurs, the preSSure 
(p2) increases to a value which is a function of 
the speed and capacity of primary pump 48, the 
pressure (p3) in conduit 78 correspondingly in 
creases and hence the fuel flow increases. It is 
provided, however, that shear pin 63 associated 
with pump 48 fails under a lower overload than 
the corresponding pin 77 associated with pump 66 
so that on occurrence of such failure of mecha 
nism 46 pump 48 fails and pump 66 assumes the 
entire load. Proper movement of lever 22 to 
Ward cut-off Will then reduce flow to the engine, 
cause deceleration, reduce the Speed of pump 56, 
and enable the operator to maintain manual Con 
trol for the duration of the emergency. The poS 
sibility of such failure is relatively remote since 
it is principally causable by binding of pistOn 24 
in guide 22 and dependable means of avoiding 
such sticking are subject to provision in design. 

Relief palae failure 
Failure of relief valve mechanism 38 causes 

primary pump 48 to assume an additional load or 
'substantially the total load, when the failure 
causes stoppage of flow into conduit 66, and flow 
occurs across check valve mechanism 80 from 
conduit 58 to conduit 78. If normal operation 
of control valve mechanism 56 continues, the 
pressure (p3) determining the fuel flow to the 
engine is in correct relationship With the con- : 
trol oil pressure (pe). If the failure causes piston 
i50 to rise so that pressure (p2) has a low value 
approximating that of the pressure (p1) in con 
duit OG, pump 48 carries little or no load and 
pump 66 carries the entire load, drawing fuel 
thru check valve mechanism 80 and requiring 
the apparatus to function about as in the case 
of primary pump-failure previously explained. 
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in all cases, manual regulation of the pressure 
(p3) and hence manual regulation of the rate of 
fuel flow to the engine is an emergency measure, 
the character of regulation being dependent upon 
E. condition of flight and the skill of the opera 

r. 
Failure of either control valve mechanism 46 or 

relief valve mechanism 38, or of both, may result 
in a condition substantially equivalent to failure 
of the fuel control apparatus 28 which results in 
faulty regulation of the control oil pressure (pe). 
if no other means of emergency control are avail 
able, ever 22 may be operated to provide man 
ual control of the pumps when such failure of 
the fuel control apparatus occurs. 
While the embodiment of my invention shown 

and described herein specified use of collapsible 
bellows as pressure responsive means, the inven 
tion does not preclude employment of pressure 
responsive pistons, diaphragms, or other suitable 
means. 
Other terms and expressions which I have em 

ployed are used as terms of description and not of 
limitation, and I have no intention, in the use of 
such terms and expressions, of excluding any 

: equivalents of the features shown and described 
or portions thereof, but recognize that various 

idifications are possible within the scope of the 
ntion claimed. 

1 claim as my invention: 
1. Fluid pump control apparatus for a rotating 

associated therewith a source of fluid, a conduit 
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mechanism having for supplying fluid from said 
Source to said mechanism for rotation thereof, 
means for rotating said mechanism at a Speed 
determined by the rate of said fluid flow, and a 
device for producing a control pressure in Said 
apparatus which is a selected function of the de 
sired rate of said fluid flow and hence said speed; 
comprising: a connection for the flow of fluid 
from said source to said conduit, a pair of pumps 
in series in said connection for producing Said 
flow, and means responsive to said control pres 
Sure for regulating the respective pressures in 
Said connection between Said pumps and in Said 
conduit, so that said fluid flow and the speed of 
Said mechanishi) are each a selected function of 
Said control pressure. 

2. Fluid pump control apparatus for a rotating 
mechanism having associated there with a source 
of fluid, a conduit for supplying fluid from said 
Source to Said mechanism for rotation thereof, 
means for rotating said mechanism at a speed 
determined by the rate of Said fluid flow, and a 
device for producing a control pressure in said 
apparatus which is a function of the desired rate 
of Said fluid flow and hence said speed; compris 
ing: a connection for the flow of fluid from said 
Source to Said conduit, a pair of pumps in series 
in said connection for producing said flow, first 
means responsive to said control pressure for 
regulating the respective pressures in said con 
nection between said pumps and in Said conduit; 
and second means effective, when one of said 
pumps fails so that said first means cannot main 
tain said conduit pressure at a value correspond 
ing to a predetermined function of said control 
preSSure, to cause the other of said pumps to de 
liver fluid to said conduit from said source so 
that said first means restores said conduit pres 
Sure to said predetermined value; whereby said 
conduit flow and hence the speed of said mecha 
nism are predetermined functions of said con 
trol pressure. 

3. Fluid pump control apparatus for a rotat 
ing mechanism having associated therewith a 
source of fluid, a conduit for supplying fluid from 
said source to said mechanism for rotation there 
of, means for rotating said mechanism at a speed 
determined by the rate of said fluid flow, and a 
device for producing a control pressure in said 
apparatus which is a function of the desired rate 
of Said fluid flow and hence said speed; compris 
ing: connecting means including a pair of pumps 
in series therein for delivering fluid from said 
source to said conduit, first means for operating 
Said pumps including a pair of Shear pins, one 
of Which is Subject to failure when the torque re 
quired to operate the corresponding pump ex 
ceeds a predetermined value; second means effec 
tive, when Said shear pin corresponding to either 
of Said pumps fails, to cause the other of said 
pumps to produce flow to said conduit from Said 
source, third means responsive to said control 
pressure for regulating said conduit flow by regu 
lating the pressure in said conduit in a prese 
lected relationship with said control pressure; 
and manually operated means for overriding said 
third means to control said conduit flow; where 
by said conduit flow and hence the speed of said 
mechanism are functions of said control pres 
sure, said conduit flow is not affected by failure 
of either of said pumps, and whereby said speed 
is also subject to manual override control. 

4. Fluid pump control apparatus for a rotating 
mechanism having associated therewith a source 
of fiuid, a conduit for supplying fluid fron said 
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source to said mechanism for rotation thereof, 
means for rotating sald mechanism at a Speed 
determined by the rate of Sald fluid fioW, and a 
device for producing a control pressure in Said 
apparatus which is a function of the desired rate 
of said fluid flow and hence said Speed; compris 
ing: a connection for the flow of fluid from Said 
source to said condult, a pair of pumps in Series 
in said connection for producing Said flow, means 
responsive to said control pressure for regulating 
the respective pressures in said connection be 
tween said pumps and in said conduit So as to 
maintain the respective values of the pressure 
differentials across said pumps in a Substantially 
constant predetermined relationship with each 
other, and manually operated means for varying 
the effective area of flow thru said conduit from 
a maximum value at which said flow is unre 
stricted to a zero value at which fuel flow to Said 
mechanism is cut off, whereby said flow is a 
function of said control pressure and of Said 
manually operated means. 

5. Fluid pump control apparatus for a rotating 
mechanism having associated there with a Source 
of fluid, a conduit for supplying fluid from Said 
source to said mechanism for rotation thereof, 
means for rotating said mechanism at a Speed 
determined by the rate of said fluid flow, and a 
device for producing a control pressure in said 
apparatus which is a function of the desired rate : 
of said fluid flow and hence said Speed; compris 
ing: a connection for the flow of fluid from Said 
source to said conduit, a pair of pumps in Series 
in said connection for producing said flow, first 
means responsive to said control pressure for : 
regulating the respective pressures in said con 
nection between said pumps and in said conduit; 
and second means effective, When One of said 
pumps fails so that the pressure produced by said 
one pump at its outlet falls beyond a predeter 
mined limit below a value corresponding to a 
preselected function of Said control pressure, to 
permit flow thru the other of said pumps directly 
from said source to said conduit, said second 
means being also effective when said failure 
occurs to increase the pressure rise across said 
other pump by an amount corresponding to the 
degree of said failure, thereby compensating for 
said failure and maintaining said conduit pres 
sure at the value determined by said first means; 
whereby the speed of said mechanism is a func 
tion of said control pressure and is not affected 
by failure of one of said pumps. 

6. Fluid pump control apparatus for a rotating 
mechanism having associated therewith a Source 
of fluid, a conduit for supplying fluid from said 
source to said mechanism for rotation thereof, 
means for rotating said mechanism at a Speed 
determined by the rate of said fluid flow, and a 
device for producing a control pressure in Said 
apparatus which is a function of the desired rate 
of said fluid flow and hence said Speed; compris 
ing: a connection for the flow of fluid from said 
source to said conduit, a primary pump and a 
secondary pump in said connection, said primary 
pump being normally operable to deliver fluid 
from said source to said secondary pump and Said 
secondary pump being normally operable to de 
liver fluid to said conduit, first means for regulat 
ing a first pressure in said connection between 
said pumps at a first predetermined proportional 
value of said control pressure, second means for 
regulating a second pressure in said conduit at 
a second predetermined proportional value of 
said control pressure which determines said con 
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duit flow, said first and said second predeter 
mined proportional values being in a substan 
tially constant preselected relationship with each 
other whereby the respective pressure differen 
tials across said primary and said secondary 
pumps are in a corresponding substantially con 
stant relationship with each other; a channel for 
the flow of fluid from said source to the inlet of 
Said secondary pump, valve means in said chan 
nel effective to prevent flow therethru when said 
first pressure has said first predetermined pro 
portional value; Said valve means being also 
effective, when said primary pump fails so that 
the value of said first pressure decreases more. 
than a pre-established amount below said first 
predetermined proportional value, to permit flow 
thru said channel; the value of said pressure dif 
ferential across Said secondary pump increasing, 
When Said primary pump failure occurs, an 
amount Substantially equal to the decrease in 
value of Said first pressure so that the value of 
Said second pressure is maintained at said second 
predetermined proportional value; whereby the 
Speed of Said mechanism is a function of said 
control pressure and is not affected by said pri 
mary pump failure. 

7. Fluid pump control apparatus for a rotating 
mechanism having associated therewith a source 
of fluid, a conduit for supplying fluid from said 
Source to Said mechanism for rotation thereof, 
means for rotating said mechanism at a speed 
determined by the rate of said fluid flow, and a 
device for producing a control pressure in said 
apparatus which is a function of the desired rate 
of Said fluid flow and hence said speed; com 
prising: a first connection for the flow of fluid 
from Said Source to said conduit, a primary 
pump and a Secondary pump in said first connec 
tion, Said primary pump being normally operable 
to deliver fluid from said source to said sec 
Ondary pump and said secondary pump being 
normally operable to deliver fluid to said conduit; 
first and second channels, respectively, for the 
flow of fluid from the outlets of said primary and 
secondary pumps to said source; first and second 
valve means, respectively, in said first and sec 
ond channels for regulating the fuel flow there 
thru, Said first and second valve means being 
responsive to said control pressure and effective 
to regulate first and second pressures respec 
tively at the outlets of said primary and said 
Secondary pumps at first and second proportional 
values of Said control pressure; said conduit flow 
being a function of said second pressure; third 
and fourth channels respectively for the flow of 
fuel between said source and the inlet to said 
Secondary pump and between the outlet from said 
primary pump and said conduit, third and fourth 
valve means respectively in said third and fourth 
channels responsive to the respective differen 
tials thereacross for regulating the flow there 
thru, said third and fourth valve means being 
normally effective to prevent flow therethru when 
the values of said first and second pressures re 
Spectively equal said first and second propor 
tional values of said control pressure; said fourth 
valve means being also effective when said sec 
Ondary pump fails so that the value of said sec 
ond pressure falls below said second proportional 
value to permit flow thru said fourth valve means 
thereby restoring said second pressure to said 
Second proportional value and increasing the 
pressure rise acroSS said primary pump an amount 
corresponding to the extent of said failure of said 
Secondary pump; and a second connection bes 
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tween said first and second channels so that, when 
said secondary pump failure occurs, said second 
valve means stops flow thru said Second chan 
nel and overrides Said first valve means to regs 
ulate the flow thru said first channel; Wheigby 
said conduit flow and hence the Speed of Said 
mechanism is a function of Said control pareSSu're 
and is not affected by said Secondary pump 
failure. - - - 

; 8. Fluid pump control apparatus for a rotating 
mechanism having 3.SSociated thereWith a Source 
of fluid, a conduit for Supplying fiuid fron said 
source to said mechanism for rotation thereof, 
means for rotating said mechanism at al. Speed 
determined by the rate of Said fiuid flow, and a 
device for producing a control pressure in Said 
apparatus which is a function of the desired rate 
of said fuid flow and hence Said Saeed; compris 
ing: a primary pump having the inlet thereto 
connected to said source, a Secondary pump have 
ing the outlet therefrom connected to Said coia's 
duit, a first connection for the fioW. of fluid firCran. 
said primary pump to said Secondary pump, said 
primary pump normally supplying fluid to Said 
connection at a predetermined rate greater than 
the corresponding rate of flow fron Said 'Sec 
ondary pump to said conduit, a second connection 
for the flow of fuid from said conduit to Said 
source, a third connection for the fiow of fillid 
from the outlet from said primary purip to Saidi 
second connection, first valve means in Said third 
connection for regulating the flow therethru, sec 
ond valve means in said second and Said third 
connections for regulating the flow thereti:'ul, Said 
second valve means being normally ineffective to : 
affect the flow from said first valve means to Said 
source, said first and second valve means being 
responsive to said device and normally effec 
tive to regulate first and second pressui'es re 
spectively at the outlets from said primary and 
said secondary pumps at first and Second propor 
tional values of said control pressure so that the 
respective values of the pressure differentials 
across said primary and said secondary pumps are 
in substantially constant preselected relationship; 
said second valve means being effective,. When 
said secondary pump fails to produce flow there 
thru, to override said first valve in earns and to 
regulate said first pressure at Said Second pro 
portional value of said control pressure; means 
for flowing fluid from said primary pump to Said 
conduit when said failure occurs, and first man 
ually operated means for overriding Said Sec 
ond valve means to regulate said flow in Said 
conduit by varying the effective area of £ioW thru 
said conduit, whereby said conduit flow is a func 
tion of said control pressure and said manually 
operated means, and whereby failure of Said See 
ondary pump does not affect Said conduit flow. 

9. Fluid pump control apparatus for a rotating 
mechanism having associated therewith a source 
of fluid, a conduit for supplying fluid fron. Said 
source to said mechanism for rotation thereof, 
means for rotating said mechanism at a Speed 
determined by the rate of said fluid flow which 
is a function of the pressure in Said conduit, a 
device for producing a control pressure in. Said 
apparatus which is a function of the desired rate 
of said fluid flow, and a pump control level; com 
prising: a first connection between said Source 
and said conduit, a primary pump and a Sec 
ondary pump downstream therefron and in Series 
therewithin said connection for producing said 
conduit flow, first means for by-passing a part of 
the fluid discharged from said, primary pump 
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6 
to. Said. Source, Second means including a valve 
and a bellows responsive to Said control pressure 
for operation of Said valve, said valve being ef 
fective to control said first means in order to reg 
ulate a first preSSure, in Said first Connection be 
tween Said pumps at a first predetermined pro 
portional value of Said control pressure, third 
means for by-passing a part of the fluid dis 
charged from said Secondary pump to said Source, 
fourth means including a valve and a pair of 
bellows responsive to an operating pressure in 
Said mechanism and to said control pressure for 
operation of Said valve, said valve being effective 
to Control Said third means in Order to regulate 
Said conduit preSSure at a Second predetermined 
proportional Value of Said control pressure, said 
first and . Second predetermined progoitional 
values being effective to maintain the respective 
values of the pressure differentials across said 
pumps in a Substantially constant preselected 
relationship. With each other, fifth and sixth 
means responsive to said pump control lever for 
overriding Said. Second means and said fourth 
means to control said conduit flow, said fifth 
and Sixth means being ineffective to vary said 
conduit flow when said lever is in a predeter 
mined normal position, Said lever being effective 
upon movement from said normal position to 
eauSe Said fifth means to progressively decrease 
the area of flow thru said conduit downstream 
from said fourth means or to progressively in 
crease the preSSure downstream from said sece 
ond and third means So that said conduit press 
Suire is increased from a minimum value corre 
Sponding to the value of said control pressure to 
a maximum value corresponding to the maximum 
capacity of Said pumps, whereby said speed is 
normally a function of said control pressure and 
is Subject to override control by said pump con 
trol lever to increase or decrease the speed of 
Said mechanism. 

10. Fluid pump control apparatus for a rotats 
ing mechanism having associated therewith a 
Source of fluid, a Conduit for supplying fluid from 
Said Source to said mechanism for rotation there 
of, means for rotating said Inechanism at a speed 
determined by the rate of said flow, a device for 
producing a control pressure in said apparatus 
Which is a function of the desired rate of 
said fluid flow, and a pump control lever; com 
prising: a pair of pumps in series in said conduit, 
a driving means for simultaneous operation of 
both pumps at identical pump speeds; the respec 
tive deliveries thru Said pumps having rates de 
termined by first and second pre-established em 
pirical functions of Said pump speed, the respec 
tive torque loads imposed on said driving means 
by said pumps having values determined by third 
and fourth pre-established erapirical functions of 
Said punp Speed and of the respective values of 
the pressure rise across said pumps, and said flow 
to Said engine having a value determined by a 
fifth pre-established empirical function of the 
Sum of Said respective torque loads; a pair of pins 
for connecting said pumps to said driving means 
for transmitting Said torque loads from said 
pumps to Said driving means and adapted to fail 
So as to remove said torque loads from said driv 
ing means when said torque loads exceed pre 
determined values, said failure of one of said 
pins removing the load of the corresponding pump 
from Said driving means So that the speed of 
Said, driving means is not affected and whereby 
operation of the other of said pumps continues 
uninterruptedly, control means responsive to said 
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device for varying the respective values of said 
torque loads in accordance with predetermined 
functions of said force measure, said control 
means also being normally effective to maintain 
the respective torque loads of said pumps sub 
stantially in constant preselected relationship 
With each other, by-pass means effective to main 
tain the value of said sum of said torque loads 
When said failure occurs, said by-pass means 
being effective in the event of said failure to in 
crease the torque load of one pump an amount 
Corresponding to the value of said torque load 
normally carried by said pump rendered in 
operative by said failure, and means connected 
to said control lever for overriding said control 
means and Said by-pass means to vary said value 
of the Sum of said respective torque loads, where 
by the Speed of said mechanism varies as a func 
tion. Of Said control pressure and said control 
lever. 

11. Pump control apparatus for an internal 
combustion engine having associated therewith 
a compressor and a conduit for delivering com 
bustion air and fuel respectively thereto, a source 
of Said fuel Connected to said conduit, means for 
regulating the speed of said engine by the rate 
Of fuel flow from said source to said engine, and 
a device for producing a control pressure in said 
apparatus which is a selected function of the 
desired rate of fuel flow in said conduit, com 
prising: a pair of pumps in series in said conduit 
for producing said fuel flow, means responsive 
to said control pressure and to an air pressure 
in Said engine for regulating said fuel pressure 
S0 that the value of Said fuel flow is Said Se 
lected function of said control pressure, where 
by Said engine speed is a function of said control 
preSSure and has a desired value. 

12. Pump control apparatus for an internal 
Combustion engine having associated therewith 
a CompreSSOr and a conduit for delivering corn 
bustion air and fuel respectively thereto, a source 
of said fuel connected to Said conduit, means for 
regulating the Speed Of Said engine by the rate 
of fuel flow from said Source to Said engine, and 
a device for producing a control pressure in said 
apparatus which is a selected function of the 
desired rate of fuel flow in Said Conduit, COm 
prising: a pair of pumps in Series in Said conduit 
for producing said fuel flow, first means respon 
Sive to said control pressure and to an air pres 
Sure in Said engine for regulating both the pres 
Sure in said conduit betWeen Said pumpS and Said 
conduit pressure downstream from Said pumps, 
as predetermined functions of said control pres 
sure, and second means in said first means for 
maintaining a substantially constant preselected 
relationship between the respective values of said 
regulated pressures in said conduit, whereby said 
engine speed is a function of said control pres 
sure and has a desired value. 

13. Pump control apparatus for an internal 
combustion engine having associated therewith 
a compressor and a conduit for delivering com 
bustion air and fuel respectively thereto, a source 
of said fuel connected to Said conduit, means for 
regulating the speed of Said engine by the rate 
of fuel flow from said source to said engine, and 
a device for producing a control pressure in said 
apparatus which is a selected function of the de 
sired rate of fuel flow in Said conduit, compris 
ing: a primary pump and a secondary pump in 
said conduit for producing said flow, said Sec 
ondary pump being downstream from said pri 
mary pump, first means responsive to Said con 
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trol pressure for regulating the pressure down 
Stream from said primary pump as a preselected 
function of Said control pressure, second means 
reSponsive to Said control pressure and to an air 
preSSure in said engine for regulating said con 
duit pressure downstream from said secondary 
pump as Said predetermined function of said con 
trol pressure; said respective pressures down 
Stream from Said primary and said secondary 
purps being in a pre-established substantially 
constant relationship with each other; and third 
linear S effective, when said primary pump fails 
So that the normal supply of fuel from said pri 
Yary punp to Said secondary pump is diminished 
more than a predetermined amount, to connect 
the inlet of Said Secondary pump to said source 
for flow of fic therebetween at a rate which 
Con pensates said diminished supply, the sum of 
the reSective pressure differentials across said 
pumps remaining substantially constant regard 
less of Said priinary pimp failure; whereby said 
engine Speed is a function of Said control pres 
Sure and has a desired value which is not affected 
by Said failure of Said primary pump. 

14. Pulimp control apparatus for an internal 
combustion engine having associated therewith 
a conduit for delivering fuel thereto, a source of 
said fuel connected to said conduit, means for 
regulating the Speed of Said engine by the rate 
of fuel flow from said source to said engine, and 
a device for producing a control pressure in said 
apparatus which is a selected function of the de 
sired rate of fuel flow in said conduit, compris 
ing: a primary pump and a Secondary pump in 
said conduit for producing said flow, said sec 
Ondary pump being downstream from Said pri 
mary pump, first means for regulating the pres 
Sure downstream from Said primary pump as a 
preselected function of Said control pressure, Sec 
Cnd means for regulating Said conduit pressure 
as said predetermined function of Said control 
pressure, said first and Second means being nor 
mally effective to maintain the ratio. between the 
respective values of said downstream pressures a 
substantially constant preselected value; and 
third means effective, When said Secondary pump 
fails so that the normal delivery thereof to said 
conduit is diminished to an extent which renders 
said Second means ineffective to maintain said 
conduit pressure as Said predetermined function 
of said control preSSure, to connect the outlet of 
said primary pump directly to Said conduit for 
the flow of fuel directly therebetween; said pri 
mary pump thereby being effective, in the event 
of said secondary pump failure, to compensate 
for said failure and to maintain the value of the 
sum of the respective differentials across said 
pumps in a pre-established relationship with the 
value of said control pressure, Said value of said 
sum being unaffected by said failure, whereby 
said engine Speed is a function of Said control 
pressure and has a desired value which is not 
affected by said failure of said Secondary pump. 

15. Pump control apparatus for an internal 
combustion engine having associated therewith 
a conduit for delivering fuel thereto, a source of 
said fuel connected to Said conduit, means for 
regulating the speed of said engine by the rate 
of fuel flow from said Source to Said engine, and 
a device for producing a control pressure in Said 
apparatus which is a selected function of the 
desired rate of fuel flow in said conduit, com 
prising: a primary pump and a Secondary pump 
in said conduit for producing said flow, said secs 
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ondary, pump being downstream from: said pri 
mary, purp, first means for regulating the press 
Stre downstream from said primary pump as a 
preselected function of said control pressure, sec 
Ond means, for regulating, said conduit preSSure 
as's said predetermined function of said control 
preSSure, said first and second means being nor 
mally, effective to maintain the ratio between the 
respective values of said downstream pressures 
a SubStantially constant preselected value; third 
means effective, when either of said pumps. fails 
to deliver, sufficient fuel therethrough to main 
tain said value...of. Said regulated pressure down 
Stream therefrom, to connect, the other of Said 
pumpS directly between said source and said con 
duit thereby rendering said other pump subject 
to a pressure differential having a value greater 
than-normal by, an amount equal to the corre 
Sponding, decrease of the pressures differential 
acroSS Said failed pump; Said conduit.pressure 
being.unaffected by said pump failure; and man 
ually operated means for...overriding said first 
and second ineans to vary Said respective down 
stream pressures. Or, the effective area of flow 
through said: conduit, so that the fuel flow, is 
varied by Said manually operated means, where 
by the engine Speed is normally a function of said 
Control pressure and has a predetermined value 
not affected by failure of either of said pumps 
and whereby Said. Speed is also a function of said 
overriding means. 

16. Pump. Control apparatus for an internal 
combustion engine. having associated therewith a 
conduit, for, delivering fuel thereto, a source of 
Said fuel connected to. Said conduit, means for 
regulating the Speeds of said engine by the rate 
of fuel foW from Said. Source. to Said: engine, a 
device for producing a control pressure, in Said 
apparatus which is a Selected function of the 
desired rate of fuel flow...in. Said conduit, and a 
manually operated pump control lever; compris 
ing: a primary pump and a Secondary pump in 
said conduit, for, producing. Said flow, said: Sec 
ondary. pump. being downstream from said pri 
mary pump, first means for flowing fuel; from 
the...downstream side of Said primary pump to 
said source, second means in Said first means for 
controlling. the flow...therethrough to regulate the 
pressure; downstream from said primary pump 
as... a preselected function of Said: control pres 
Sure, third means. for flowing fuel from Said. Con 
duit to said source, fourth means in Said third 
means for:regulating the flow, therethrough as: a 
predetermined function of said control pressure, 
fifth means for the flow of fuel from the down 
stream side of said primary pump to said con 
duit, sixth means for the flow of fuel from said 
source to the inlet of said secondary pump, 
seventh, and eighth means respectively in said 
fifth; and sixth means for regulating the flow 
therethrough in response to the respective pres 
sure differentials therea croSS, said Seventh and 
eighth means being normally, effective to prevent 
flow, therethrough, when the respective values of 
the pressures downstream from said primary and 
secondary pumps are determined by said press 
selected and said predetermined functions of 
said control pressure; said seventh means being 
effective, when the delivery through said sec 
ondary pump decreases as a result of failure: 
thereof so that said fourth means cannot regu-. 
late said conduit pressure as said predetermined 
function of said control pressure, to permit flow, 
through Said fifth means. So that said primary, 
pump delivers an amount of fuel directly. to said, 
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conduit; equal to the; amount of,"said secondary 
pump. delivery decrease: thereby ‘maintaining said 
conduit pressure at: the value: corresponding: to 
said: predetermined function of: said: control 
preSSure, a connection between said second and 
fourth: means. for...rendering said, second, means 
Subject to override: control by said fourth means 
When Said. Secondary 'pump failure occurs said 
eighth means, being: effective, when correspond 
ing failure of Said primary pump occurs; to per 
mit flow through said sixth means so that:said 
Secondary pump obtains: an amount of fuel dis 
rectly from, said:Source equal to the amount of 
the primary. pump. delivery decrease: thereby 
maintaining Saidi conduit pressure at: the value 
Corresponding, to Said preselected -functions of 
Said control pressure, the sum of the respective 
preSSure differentials across said primary stand 
Secondary pumps remaining. Substantially coin 
Stant at any given value of said control pressure. 
regardless of the occurrence or of the extenti of 
failure of either of saidpumps; and valve: means 
connected to said ... control lever: for overeriding 
Said Second and fourth means för: varying:the 
flow in either, said first and said third means; or 
in : Said conduit, respectively, to ; vary said: cons. 
durit foW from a Zero value corresponding to a 
predetermined "cut-off’ position of said lever to: 
a value corresponding to a predetermined “emer. 
gency' lever, positionati which said conduit flow. 
is... the maximum prodticible by , said: pumps; 
Whereby the engine. Speed normally...hasia desired 
value that is a function of said control pressure; 
failure: of either of said pumps is... compensated 
by the other without affecting the engine: speed, 
and the engine speed is subject: to override: con 
trol by manual opeiation of said:lever. 

17. Fluid pumping apparatus-comprising: a pair. 
of pumps.connected in series, as relief valverfor 
regulating the discharge pressure-of-the-first 
pump at a first predetermined: value; a control. 
valve for controlling the discharge pressure: of 
the Second pump at a second predetermined value: 
greater than" said first value, by-pass...means: 
associated with each pump-se that: iff one pump: 
fails the other 'can' pump fluidithru the bypass: 
means of the failed pump; and means-effective: 
upon failure of said 'Second pump. to place: said 
control valve in control of the discharge pressure. 
of the first pump, so that no-drop in the diss. 
charge" pressure-from the second pump occurs 
upon failure of that pump; 

18. Fluid pumping apparatus; comprising first 
and second pumps for delivering fluid to a "dis 
charge conduit, first" relief valve means for rega. 
ulating the discharge pressure of 'said first pump 
at a first ... predetermined value, control valve 
means for regulating the discharge pressurer of 
said Second pump at a second predetermined 
value higher than said first value, second relief 
valve means for regulating the discharge press 
Sure of said first pump at substantially said sec 
ond value, and means, responsive to the discharge 
pressure of Said second pump for transferring 
control of said first pump from said first relief 
valve means to said 'second relief valve means: 
upon failure of Said Second pump. 

19. Fluid pump apparatus for a rotating mech-i- 
anism having associated.therewith a source: of: 
fiuid a conduit for 'Supplying... fluid, from's said: 
Source: to Said', mechanism for rotation: thereof; 
means for; rotating: Said imechanism at a speed 
determined by the rate of fluid flow, and a coa, 
troll device for producing a control; pressure: in 
Said apparatus' which: controls the rate of said: 
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fluid flow and hence the speed of said mecha 
nism; comprising: a pair of pumps connected in 
series for delivering fluid from said Source to Said 
conduit, means responsive to said control pres 
sure for regulating the delivery of Said pumps 
so that said fluid fow to and the Speed of Said 
mechanism is always a selected function of Said 
control preSSuire. 

20. Fluid punp apparatus according to claim 
19, including a manually operated cutoff valve 
in said conduit for cutting off the flow of fluid 
from said pumps to said mechanism, and means 
for regulating the fiuid pressure in Said conduit 
during cutoff as a predetermined function of 
said control pressure, whereby no abnormal 
strain is produced in said apparatus by the clos 
ing of said cutoff valve. 

21. Fluid pump apparatus according to claim 
19, including a relief valve, responsive to said 
control pressure, for normally regulating the 
fluid pressure between said pumps at a value ap 
proximately equal to the value of Said control 
preSSure. 

22. Fluid pump apparatus according to claim 
19, including a control valve responsive to Said 
control device pressure for normally regulating 
the fluid pressure in said conduit at a value ap 
proximately equal to twice the value of said con 
trol device preSSure. 

23. Fluid pump apparatus according to claim 
19, including a relief valve for normally regu 
lating the fluid pressure between said pumps at 
a value approximately equal to the value of Said 
control device pressure, and a control valve for 
normally regulating the fluid pressure in Said 
conduit at a value approximately equal to twice 
the value of said control device pressure, both 
of said valves being responsive to said control 
device pressure, whereby both of Said pumps 
operate with one-half the total pumping load 
and approximately the same efficiency and the 
life expectancy of each pump is thereby doubled. 

24. Fluid pump apparatus for a rotating mech 
anism having associated thereWith a Source of 
fluid, a conduit for supplying fluid from Said 
source to said mechanism for rotation thereof, 
means for rotating Said mechanism at a Speed 
determined by the rate of fluid flow, and a con 
trol device for producing a control pressure in 
said apparatus which controls the rate of Said 
fluid flow and hence the speed of Said mecha 
nism; comprising: a pair of pumps connected in 
series for delivering fluid from said source to said 
conduit, and means responsive to said control 
pressure for regulating the delivery of Said pumps 
so that said delivery remains the same in the 
event of failure of either of said pumps, whereby 
the said fluid flow to and the speed of said mech 
anism is always a selected function of said con 
trol pressure. 

25. Fluid pump apparatus for a rotating mech 
anism having associated therewith a source of 
fluid, a conduit for Supplying fluid from Said 
source to said mechanism for rotation thereof, 
means for rotating Said mechanism at a speed 
determined by the rate of fluid flow, and a con 
trol device for producing a control pressure in 
Said apparatus which controls the rate of said 
fluid flow and hence the speed of said mechanism; 
comprising: a pair of pumpS connected in series 
for delivering fluid from Said source to said con 
duit, said pumps being so arranged that each 
normally performs Substantially one-half of the 
total pumping load, and means responsive to said 
control pressure for regulating the delivery of 
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said pumps so that said delivery remains the 
same in the event of failure of either of said 
pumps, whereby the said fluid flow to and the 
speed of said mechanism is always a Selected 
function of Said control preSSure. 

26. Fluid pump apparatus for a rotating mech 
anism having associated therewith a source of 
fluid, a conduit for supplying fluid from said 
Source to said mechanism for rotation thereof, 
means for rotating said mechanism at a speed 
determined by the rate of fluid flow, and a COn 
trol device for producing a control pressure in 
said apparatus which controls the rate of Said 
fluid flow and hence the Speed of said mecha 
nism; comprising: a pair of pumps connected in 
Series for delivering fuid from Said Source to 
Said conduit, a relief valve for regulating the fluid 
pressure between said pumps, and means respon 
Sive to said control pressure for operating said 
relief valve and regulating the delivery of said 
pumps so that said delivery remains the same in 
the event of failure of either of said pumps, or 
said relief valve, whereby the said fluid flow to 
and the Speed of Said mechanism is always a se 
lected function of said control pressure. 

27. Fluid pump apparatus for a rotating mech 
anism having associated therewith a source of 
fluid, a conduit for Supplying fluid from said 
Source to said mechanism for rotation thereof, 
means for rotating said mechanism at a speed 
determined by the rate of fluid fiow, and a con 
trol device for producing a control pressure in 
Said apparatus which controls the rate of said 
fluid flow and hence the speed of said mecha 
nism; comprising: a pair of pumps connected in 
Series for delivering fluid from Said source to 
Said conduit, a control valve for regulating the 
fiuid pressure in said conduit, and means re 
Sponsive to the control pressure of said control 
device for Operating said control valve and regu 
lating the delivery of said pumps so that said 
delivery remains the same in the event of failure 
of either of Said pumps or of said control valve, 
Whereby the said fluid flow to and the speed of 
Said mechanism is always a selected function of 
Said control pressure. 

28. Fluid pump apparatus according to claim 
19 including a control valve, responsive to said 
control device preSSure and a fluid pressure in 
Said mechanism, for normally regulating the fluid 
preSSure in Said conduit. 

29. Fluid pumping apparatus comprising a pair 
of pumps adapted to receive fluid from a common 
Source and to deliver said fluid to a common dis 
charge conduit under a selected pressure at a 
Selected pump speed; means to regulate the oper 
ation of Said apparatus So that the normal dis 
charge preSSure of one pump is constantly main 
tained at a predetermined fixed ratio to the nor 
mal discharge pressure of the other pump at all 
operating speeds; and means whereby either 
pump will automatically continue to discharge 
fluid through said conduit at said selected pres 
Sure in case the other pump fails to function nor 
mally. 

30. Fluid pumping apparatus according to 
claim 29, wherein the normal discharge pressure 
of one pump is constantly maintained at a value 
of one-half the discharge pressure of the other 
plp. 

31. Fluid pumping apparatus according to 
claim. 29, having means whereby both pumps al 
Ways operate at equal Speeds until one pump fails 
completely, after which the other pump auto 
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natically, continues: to... operate without inters 
ruption., 
32:Fluid pumping apparatuSC according to 

cairn::31, having...means: Whereby both panpsare 
driven by a common drive shaft which, upon.com 
pletei failure of; one: pump, automatically con 
tinues to drive: the other; pump3 withoutsinterrups 
tion. 

33:...Fluid... pUInping it apparatus comprising: , a 
pair: of pumps: connected in series and adapted 
to; receive fluid from a common Source: and to 
deliver. Said fluid to a common: discharge conduit 
unders, a 2.Selected: pressure.at, a Selected; pump 
Speed, meansistor regulate the operation of Said 
apparatuS:SO that the total pumping loadisinor 
mally, divided equally: between both pumps at 
all-operating; speeds; and means for making 
either; pumpi automatically., assume: the: total 
pumping load; upon:COInplete failure of:the other 
9. 
34: Fluid pumping apparatus according to 

claim 33, having means, whereby, upon the pair. 
tial; failure of: one: ; pump, the other pump will 
automatically, assumei. Such part of the total 
pumping loada S.required to always maintain the 
normal discharge of said apparatus. 

35. Fluid, pumping: apparatus according to 
claim:33; having means whereby both pumps...al 
Ways operates at equal speeds until one.pump fails 
cquapletely, after; which the other pump-auto 
matically continues to operate: without interrups 
tiolas. 

36. Fluid pumping; apparatus. according. to 
claim:33, having means: whereby, both pumps;are 
driven by, a common, drive: shaft, which, upon 
complete...failure:of one-pump, automatically, con 
tinues; to; drive the other pump without inter. 
ruption. - 
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37. Fliridi: pumping apparatus according; tes 
claim:33; wherein both pumps are of constant 
delivery type, and Of:Substantially, equal: capacity 
under:normal Operation. 

38.:Fluid pumping apparatus: accordings to 
claim, 33, having means whereby, upon partial 
Ortotal failure of one: pump, the discharge of the 
other pump is partially or totally-by-passed 
around the first pump 

39. Fluid pumping apparatus: according to 
claim:33, wherein...both pumps, normally operate 
in }Series: with, each other; ; 

40...Fluids pumping... apparatus according to 
claim 39 having means whereby, upon the partial 
failure of one pump, both...pumps operate pairs 
tially in series and partially, in parallel 
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