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i
The present invention applies to fuel pump
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, oche 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 fusl
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- 2

ternal combustion engine, said apparatus inclid-
ing two pumps and being responsive to a control
pressure supplied thereto which is a function: of
the desired fuel pump delivery.

Another ohject of my invention is to provide a ..

dual fuel pump system 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 dval pump sys-
tem 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 pumps to the engine, and to provide im-
proved means for manually confrolling the fuel
flow in an emergency created by failure of either
the fuel control apparatus or the fuel pump con-
trol apparatus.

Other 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-
" eally, fuel pump control apparatus embodying the
principles of my invention together with the re-
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lationship of such apparatus to an internal com-
bustion engine and to fuel conirol 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:
2 supporting casing 190, an air inlet 12, a multi-
stage compressor indicated as 14, a compressor
rotor 16, a combustion chamber (8, a number of
fuel discharge nozrles one of which is designated
20, a generally circular fuel manifold 22, a multi-

- stage turbine indicated as 24, a turbine rotor 26

connected to the compressor rotor 18, a tail pipe
23 for discharge of combustion gases from tur-
bine 24, 2 center bearing 38 and end bearings 32
and 34 supported by casing 10, a propeller shaft
38, and o gear train 38 connecting shaft 36 to i6.

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

40

~ gine.

a pressure (pm) and flows therefrom thru a con-
duit 52, a primary pump 48 and a secondary
pump §6 connected in series with pump 48 by a
conduit §4, and from secondary pump 6& at a
pressure (p3) thru connected conduits 76 and 18,

" past a first piston valve 82 in a valving device 42,

and thru a conduit 40 to manifold 22 of the en-
The capacity of the primary pump 48 is
approximately 109% greater than that of the
secondary pump 86, the excess fuel discharged
by pump 48 at a pressure (p2) being by-passed
thru a pair of conduits {62 and {58 thru o relief
valve mechanism 138 and a conduit (86, thence
flowing unrestrictedly thru a control valve
mechanism 48 and a conduit 108, past a valve 108
in valving device 42, to conduit 58. The relief
valve mechanism regulates the pressure (p2) in
conduits (58, 162 and &4, maintaining this pres-
sure equal to the value of the control pressure
(pe) which is transmitted to mechanism 138 and
45 thru a conduit {32 and another conduit 130
connected to a fuel control apparatus diagram-
matically shown as 128.  The control pressure
(pe) is a function of the desired fuel flow. The
control valve mechanism 4% is connected to con-
duit 78 and regulates the pressure (p) 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 45
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into conduit {06 and thence past valve 108 in
valving device 42 to conduit 50 at the pressure
(p1). The pressure (p3) in conduit 18 is regu-
lated in response to the control pressure (pc) at a
value approximately twice that of pressure (pc).
Since, in normal operation, (p2=pc), the pres-
sure rise across pump 48 is approximately
(pe—p1), and, since the pressure (p3=2pc), the
rise across 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
(pe), the rise across both pumps being approxi-
mately (2pc). The ratios (p2:pe) and (P3:0c)
and hence the ratio (p3:p2) may be selected to
provide any desired distribution of the tofal load
between pumps 48 and 66.

The range of values of the control pressure
(pe) is predetermined by the design of fuel con-
trol apparatus 128, 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 (pe) increases as the desired fuel
flow increases. It is conceivable, however, to em-
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.
Tn design of the fuel pump control apparatus,
the capacity of secondary pump B8 must be
slightly greater than necessary to sabisfy maxi-
mum fuel requirements of the engine at the low-
est value of engine speed applying to such maxi-
mum fuel flow. Prerequisite to design of the
apparatus shown is provision of a range of values
of control pressure (pe) having an approximately
1:2 ratio with the corresponding values of the
corresponding range of the pressure (pz) of fuel
delivered to the engine.

The valving device 42 is responsive to move-
ment of a manually operated valve control lever
{22 to cut off the flow from conduit 78 to con-
duit 40, thereby cutting off the flow to the engine
and stopping the operation thereof.

In addition to the elemenfs identified in the
foregoing brief account of normal operation of
the embodiment shown, there are two check valve
mechanisms 89 and 180, respectively, and addi-
tional conduits which are required in the event
of certain types of failure of one or more of the
identified elements, as hereinafter described.

Again referring to the drawing in defail, the
primary pump 48 is shown to include a body 54
having therein a pair of gears 56 and §8. Cear
55 is rotatable on a shaft 88 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 thru a shear pin 63. In the embodiment
shown, shaft 82 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 eapacity
than pump 48 but of similar construction, the
normal delivery thru pumps 48 and 8§ being
stibstantially 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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is substantially constant. Included in pump 66
there is a body §8 having therein a pair of gears
76 and 12. Gear 710 is rotatable on a shaft 74 by
gear 12 which is fixed to a drive bushing 13 hav-
ing a splined coupling 75 connecting it fo main
drive shaft 62 thru a shear pin 71. Drive bush-
ings 59 and 73 are rotatable in fixed bearings 18,
8i and 83. Provision of shear pins 63 and 17 is
to forestall complete failure of the apparatus in
the event of failure of a single pump. Thus, if
either pump binds and the torque required for
its rotation exceeds a predetermined value, the
corresponding shear pin fails, stopping the one
pump 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 pump 66 is connected
by conduit 16 to conduit 78 which, in turn, is
connected thru valving device 42 to conduit 40.
Conduit 78 is also connected to control valve
raechanism 46 and, thru a passage 178, fo check
valve mechanism 89, which is normally closed.

Valving device 42 includes a body 82 having
therein a pair of parallel eylindrical bores 84 and
8%, 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 30, respec-
tively. Groove 8% is connected to conduit 48 and
a chamber 184 at the right-hand end of bore 84
is econnected to conduit 18. Flow from conduit 18
to conduit 48 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 §6. Gear 94 engages a centrally located
toothed portion 98 of the valve length which has
a somewhat smaller diameter than that of bore
g4, A channel 180 ig provided in the valve to
equalize pressures in chamber {04 and a corre-
sponding chamber 102 at the left-hand end of
bore 84, and to permit sufficiently rapid move-
ment of a substantially leak-proof piston.

Similarly, groove 90 in bore 86 is connected to
conduit 50 and a chamber 116 at the right-hand
end of bore 86 is connected to conduit 106. Flow
between conduits {88 and 59 is controllable by
means of piston valve {08 which is like valve 92
and is similarly slidable in bore 86 in response
to movement of gear 94 in relation to a toothed
portion {i8 of valve {08. A channel {12 is pro-
vided in valve 108 to equalize pressures in cham-
ber {16 and a corresponding chamber {14 at the
Jeft-hand end of bore 86.

Shaft 98 in valving device 42 is connected to
a shaft 118 rotatable in a fixed bearing §20. The
manually operated valve control lever 122 is fixed
to shaft 118 and is rotatable thru an arc deter-
mined by o pair of stops 124 and (26 which are
located so that, when lever 122 is moved to the
“amergency” 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 %9.
Similarly, when lever 122 is moved to the “cub-
off” position at the extreme limit of clockwise
travel, gear 94 moves valve {08 leftward from
the normal position shown and simultaneously
roves valve 92 toward the right to block groove
88, thereby preventing flow from conduit 718 to
conduit 40.

In the “normsl” position shown, lever {22 is
vertical and valves 92 and 108 just clear grooves
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88 and 90, respectively. In this position, there
is negligible or no pressure loss as flow . occurs
‘between conduits 78 and 40, or between conduits
105 and 8§8. Leftward movement of either valve

from the “normal” position does not increase the

flow area controlled by that valve; but such
movement is accompanied by ecorresponding
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 128
from its “normal” or vertical position.. The valve
control lever 122 is not to be confused with the
engine control lever generally associated with thv
fuel control apparatus {28.

The fuel control apparatus {28 normally pro-
vides a control oil pressure (pc) which is a meas-
ure of the desired fuel flow to the engine. Con-
‘duit 130 is connected to apparatus 128 for the
flow of control ¢il at pressure (ve) to conduit 132,
the left-hand and right-hand ends of which are
respectively connected to 2 closed chamber 134 in
pressure control valve mechanism 48 and to a
-closed chamber 13f in relief valve mechanwm
138. -

Relief valve mechanism {28 has a body {48 Wlth
8 generally eylindrical hollow interior, the uppsr
end of which is of somewhat greater diameter
than the lower end, there being a symmetiical
step 141 between an upper cylinder {42 and a low-
er cylinder {44. A bellows 148 is fixed in rvl-
inder {42 to step 141, chamber 138 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 -3

upper end of bellows 148 serves to transmit mo-
tion of bellows $46 to 2 piston valve 150 which
is slidable in eylinder {44.. A chamber {52 below
piston 158 is connected by a channel {54 in the
piston to a chamber {158 inside bellows 148, the
pressures in chambers 152 and 155 thus being
equalized. An annular groove 84, in guide 44,
is connected to conduit 1%§ for permitting fow
of fuel along a path including conduit 158, cham-
ber 152, groove (B4, and conduit 186, in the
stated order. ‘When such flow oceurs, motion of
piston {59 is effective to vary the effective area
of flow into groove (84, thereby varying the pres-
~sure (pz2) in chamber l52

In relief valve mechanism {38, the effective

‘area (A) of bellows 14§ equals that of piston 152.
“Bince the opposite forces acting on piston 150
“due to identical pressures (p2) in chambers 156
and 182 are equal and therefore ineffective to

<
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produce motion of the piston, the position of pis- .«

ton 158 is controlled by 2 halance between two
~other forces, as follows: a downward foree (ped)
due to the pressure (ps) in chamber {236 acting
‘on bellows {46 and an opposing foree (A % tha
‘pressure in chamber {62) acting on the piston.
- Piston 169 seeks a position at which the stated
forces are in equilibrium or at which the pres-
ssure (p2) in chamber {82 eguals the control pres-
sure (pe). If is.apparent therefore that the pres-
“sure (p2)-in conduits {58,
tained at the value of the control pressure (p.)
of oil supplied to the fuel pump contl ol wphara~
“tus by the fuel control apparatus 128. -

‘Pressure control valve mechanism 48§ 1nclu'1cs

2 housing 128 in the upper end of which there is.

o, generally cylindrical cavity 208 having as- its
cent‘erline the vertical centerline of housing 188.
“The lower end. of .a bellows 202 g fixed to ‘the
“lower'end of cavity.209; chamber {23 being de~-

“fined by the exterior of bellows 202 and the pe-y

162, and $4 is main-~. .-

B0

‘of bellows 202 and 204.

T
~valve 22§ closes port 220,

v
€3

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 208.. 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 208 is provided in housing
198 at the lower end of cavity 200 at the approxi-
mate center of the lower end of bellows 204.
Housing 198 is extended downward from the
opening 208 fo form a substantially cylindrical
shell 208 which serves to retain a valve guide 210
which is pressed into shell 289. Use of separate
pieces 198 and 240 is for the purpose of fac111tat-
ing machlnmg of the guide 210.

Guide 218 has a cylindrical bore 212 in line with
opening 208, the lower end of bore 212 being
closed by the end of guide 210. A piston 214 con-
nected to the top of bellows 204 and hence to
the top of bellows 262, by means of g stem 218,
is slidable in bore 212 in response to movement
There is a chamber 21(8
below valve 214 to which conduif 78 is connected.
The respective pressures in chamber 218 and in
8 chamber 229 above valve 214 and inside bellows
204 are equalized by provision of a channe] 222
in piston 214, Piston 214 is of a generally cylin-
drical shape and has an undercut 224 which pro-
vides an upper valve 225, a lower valve 228, and
an annular chamber 229 inside bore 212.

Bore 212 of guide 210 has an upper port 238

_connecting chamber 229 to an upper annular

groove 232 on the outside of guide 210. Conduit

188 is connected to groove 232 and hence to

chamber 228 thru an aperture 234 in shell 2909
opposite groove 232. As shown, port 238 is un-
restricted but it is valved by the lower face of
upper valve 226 ‘when bellows 292 and 204 are
sufficiently . contracted, as is subsequently ex-
plained. If desired, a multiple port arrangement
may be employed 1nstea,d of the single port 239
shown.

A lower annular groove 238 similar to groove
282 is provided approximately opposite lower
valve 228. Shell 289 has an opsning 228, oppo-
site proove 238, to which conduit 166 is connected.

-At the upper end of groove 236 two like aper-

tures 248 are provided in guide 218 which af-
ford ‘a passage of constant ares from chamber

- 229, thru apertures 248, and past groove 236 to
conduit 106 so that flow along this path is always

unrestricted, the pressure in chamber 228 there-

-fore always egualing, the pressure: (m) in con-~

duit 106 when bellows [§2 and {24 are not suf-

ficiently contracted to cause closure of port 236.

At the lower end of groove 235 a pair of ports
242 is provided in- guide 218 which. provide pas-
sage from chamber 2{8 to groove 238 and .into
conduit 185, 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 248 to conduit
108, when bellows 282 and 2084 ares sufficiently
contracted; the degree of resiriction depending
upon. the position of valve 228. Valves 2265 and
228 and ports 240 and 242 are so disposed in re-
lation to each other that, as hellows 202 and 204
contract, valve 228 first closes ports 242 and then

-The position of piston 214, .and hence Lho po-
sition of valves 22§ and 228, is determined solely

X by the balance of forees acting on bellows 292 and

T3

208, ‘since the same pressure (p3) in chambers
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220 and 218 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
' DeA=PE(A—Q) Dl

in which (A) and (a) are the effective areas of
bellows 202 and 204, respectively. The quantity
(d—a) is. of small value and the value of pres-
sure (py) is.also small compared with the respec-
tive values of the pressures () and (ps). There-
fore, the force [pz(4A—a) 1 in the abave equation
is small and is neglected in the present discus-
sion for purposes of simplification, whence it is
possible to say that:

DeA=D30
or

(p3) 1 (pe) =A:a

In the embodiment shown, the area (A) of
hellows 202 is approximately twice the area (@)
of bellows 204; or (4)=2(a). It is apparent,
that (pz) : (pe)=2:1, or that the value of the pres-
sure (p3) in chamber 218 is approximately equal
to 2(pe) 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).

NORMAL OPERATION—SUMMARY
Equally efficient primary end 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 18 to conduit 49, and from conduit
106 to conduit 56. Also, relief valve mechanism
138 regulates the pressure (p2) at the outlet from
primary pump 48 and hence at the inlet to see-
ondary pump §6, at a value approximately equal
to the value of the control pressure (pe) supplied
by the fuel control apparatus 128. 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 efficiens, all fuel en-
tering secondary pump 86 is delivered to it thru
conduit 64 from primary pump 48.

Cutoff

When valve control lever 122 is moved clock-
wise to “cut-off” position, valve 82 in device 42
moves. toward the right and blocks.flow from con-
duit 78 thru chamber {04 and port 88 into con-
duit 49, regardless of the value of the cantrol oil
pressure (peY. 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-
“gure (pey. 'The value of the pressure (pz), in

normal cut-off, continues to be regulated by
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mechanism 46 as a function of the control ofl
pressure (pe), there being no abnormal strain im-
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 61, and the secondary pump 66
continues to operate at the corerct 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-
eral, 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 138 cannot regulate the pressure in conduit
84 and hence at the entrance of secondary pump
66 at a value as great as that of the control preg-
sure (pc) relief valve mechanism 138 responds by
lowering piston 150 to an extreme position at
which the annular groove 164 is blocked off and
flow from conduit {62 to conduit 166 is stopped.
Thus, no pressure loss occurs in conduit 64 as a
result of flow thru conduit 162 when the pressure
(p2) in conduit 64 is less than that of the conirol
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 suffi-
ciently great to supply all fuel required by the
engine at the value of the pressure (p3) defer-
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 86 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
:% the degree of partial failure of primary pump

As the flow from primary pump 48 inta conduit
64 decreases because of the failure referred to,
secondary pump 66 continues to supply conduits
16 and 18 with sufficient fuel to maintain the
value of pressure (p3) determined by mechanism
46. Since secondary pump 68 cannot obtain
sufficient fuel from primary pump 48, however,
the value of the pressure (pz2) in conduit 64 con-
tinues to fall below that of the control pressure
(pc). When the value of pressure (p2) in conduit

-84 hecomes less than. the value of pressure (pi)

in conduit 59, provision is made for the flow ¢f
fuel from conduit 50, and thru 2 conduit 182 and
a check valve mechanism 188, into a conduit 184
and thence to conduit 84, 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 miechanism {80 includes a housing
186 and a ball valve {88 movable in a chamber
196, chamber 199 being connected to conduit (84
and being separated by a seat 182 from another
chamber (94 which is open to' conduit- {82.
When the pressure (pz2) in chamber 130 exceeds
the pressure (py) in chamber 194, ball valve 188
moves upward to seat 192, thereby preventing
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flow thru mechanism 188. As previously indi-
cated, however, when the pressure (p2) in cham-
ber 188 is less than the pressure (p1) in chamber
194, ball valve (88 moves downward to a stop
186 in chamber 188 to allow fuel to flow thiu
check valve mechanism 185 along the path pre-
‘viously defined. If desired, a spring may be used
to bias hall valve {88 toward open position in
order to permit opening of the valve in response
to a smaller decrease of pressure in conduit 58
when primary pump 48 fails.

It is thus apparent that, when primary pumy
48 fails owing to inefiiciency or siovpage to pumng
sufficient fuel into conduit 84 to maintain the
value of pressure (z2) equal to that of the control
pressure (pe), secondary pump 8§ assumes the
entire load or whatever increased load is neces-
sary without changing the fuel flow to the engine
and hence without impairing engine operation.
In order to accomplish this, piston 158 moves to
shut off fuel flow across mechanism 28, and
check valve mechanism {88 operates to by-pass
fuel around pump 48 to conduit &4 and hence
to pump 885.

Secondary pumy jailure

When secondeiry pump 88 fails owing to stop-
page or excessive torque, shear pin 77 fails, there-
by allowing drive shaft %2 to rotate in splined

coupling 73, and the primary pump 4§ continues

to operate at the correct speed. Failure of seo-
ondary pump 85 may also oceur as a rvesulp of
wear or other cause of a reduction of capacity
which prevents it from maintaining desired

values of the volume of flow and of the pressure !

(p3) in conduit 78. As is true of primary pump
48, failure of secondary pump $8 may be gener-
ally ascribed to prohibitive capacity decresse,
whether such decrease is caused by wear or lesk-

age while the speed is correct, or hy reduction.

of the pump speed to zero by shear pin failure.

When secondary pump §8 fails to produce a
desired value of the pressure (p3), primary pump
48 response by assuming whatever increased load
is necessary to maintain pressure (p3) at the
desired value.
corresponding to a given engine operating con-
dition, the fuel delivery from primary pump 48
is constant; it is apparent that, when a normal

proportion of the fuel discharged by pump 48 |

does not pass thru secondary pump 885, the pres-
sure in conduits 64, {84, {92 and 3% increases to
a value greaiter than the value of the control
pressure (pe). The initial effect produced by
this pressure .increase is to .cause piston {50 in
relief valve mechanism {38 to open to reduce the
pressure (p2) to the value of pressure (pc). 'Thus
mechanism {38 will not allow pressure (p2) to
exceed pressure (pe) as long as there is unre-
stricted flow from conduit 186 across mechanism
48 to conduit (8% as has been the case thus far.
Depending upen the nature and extent of failure
of secondary purhp §8, however, while mechanism
138 tries to maintain pressure (p2) at the value
of pressure (pe), the pressure in conduit 78 has
a value between zero and a value somewhat less
than that of the pressure (p¢), sinee all ‘fuel
entering conduit 18 must pass thru pump §5 from
conduit 2&. - As the pressure (p3) in conduit 18
falls below the pressure (pe) the conirol valve
mechanism 45 responds by contraction of bellows
282 and 288 until valve 228 closes port 242, the
bellows continuing to contract until valve 226
restricts port 230, The regulation of the pres-
sure (p3) in conduit 78 thus becomes s function

Since, at any given pump speed
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of valve 226 in relation to port 289 rather than of
valve 228 in relation to ports 242 as is normally
the case. Since the fuel flowing into conduits 76
and T8 from pump 86 is insufiicient $o maintain
the pressure (ps) in conduit 18 at a desived value,
bellows 202 and 288 in mechanism 4% would con-
tinue to contract until valve 225 closed port 238,
there then being no fuel whatever fowing from
conduit 54 thru conduits 182 and {38 ¢{o mech-~
anisms 138 and 4%. As the pressure {;2} in con-
duit {62 becomes equal {0 or excesds the pressure
(p3) in conduit 18, however, which it does when
pressure (pz2) is only slightly greater than (pe),
flow of fuel is permitied along z path from con-
duit {88, thru g check valve mechanism 88, and
thence thru conduit §78 to conduit 78 The
pressure (p3) in conduit 18 is thereby restored
to a desired value and its regulation by mech-
anism 48 is accomplished by movement of valve
226 in respect to port #33. Check valve mech-
anism 88 comprises elements identical with those
of mechanism (89, conduits §58 and {78 being
related to mechanism 88 as conduits 182 and {84
are related to mechanism 180,

Thus, when the secondary pump §8 fails, owing
to inefficiency or stoppage, to vump sufficient
iuel into conduits T6 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 88 is open, relief valve
mechanism {38 is ineffective, and regulation. of
pressure (p3) is accomplished by the movement
of valve 225 in mechanism 4§ in relation to port
230. Fuel flow to the engine is unaffected and
hence the engine performance is unimpaired by
such failure.

Control valve failure—both pumps operating

In the event of failure of control valve mecha-
nism 4§ in a manner which prevents it from reg-
ulating pressure (p3), whether or not as a result
of g bellows leak or other cause, piston 2 {4 moves
upward or downward from its correct position de-~
bending upon the nature of such failure. The
failure is made apparent by faulty engine per-
formance.

When mechanism 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 108 to restrict the flow of
fuel from conduit 106 across valving device 42 to
conduit §0. As such restriction is increased, the
pressure (p3) in conduit 18 increases and the
bosition of the lever 122 is determined to produce
the desired engine speed.

When mechanism 46 fails and the fuel flow is
high as is the case when pressure (ps) 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 78 across valving device 42 to conduit 40.
As such restriction is increased, the fue] flow to

. the engine decreases but the pressure (m:) 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 122 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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"SUTES (09); (), and (ps). Similarly, failure of
mechanism 46 disturbs the normal relationship
between the respective loads on the purips, the
“effect being most serious when mechanism 4%
-fails in a manner which completely stops flow
“into conduit 106. 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 18 correspondingly in-
ereases and hence the fuel flow increases. If is
provided, however, that shear pin 63 associated
‘With pump 48 fails under 4 lower overload than
the corresponding pin 17 associated with pump 66
-0 that on occurrence of such failure of mecha-
nism 46 pump 48 fails and pump 66 assumes the
‘entire load. Proper movement of lever 122 to-
Ward cut-off will then reduce flow to the engine,
-eguse decelération, reduce the speed of pump §6,
ahd enable the operator to maintain manual con-
-£r6l for the duration of the emergency. The pos-
sibility of such failure is relatively remoté since
‘it is principally ¢ausable by binding of piston 214
in gulde 212 and dependablé means of avolding
such sticking are subject to provision in design.

Relief valve failure

Failure of reiief valve mechanism (38 causes
primary pump 48 to assume an additional ioad or
-Substantially the total 1oad, when the failure
“causes stoppage of flow into conduit 166, and flow
oeeurs across check valve mechanism 86 from
conduit 158 t6 conduit 18. If normal operation
of control valve mechanism 4§ 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
150 to rise so that pressure (p2) has a low value
approx1matmg that of the pressure (p1) in con-
duit 106, pump 48 carries little or no load and

pump 66 carries the entire load, drawing fuel .

thru eheéck valve mechanism 180 and requiring
thé apparatus to funetioh about as in the case
“of primaly purip failuré previously explained.

In all ¢akes, manual regulation of the pressure
(pz) atid hénce manual tegilation of the rate of
“figél fiow 16 the engine is an émergéncy measure,
the character of regulation being dependent upon
) %he dondition of flight and the skill of the epera-

o,

Tailire of eittier contiol valve fechanism 46 or _

felief valve méchanism 138, or of both, may result
in 4 ‘condition substantially equivalent to failure
of the Titel ‘control apparatus 128 which results in
Faulty regulation of the control oil pressure {(pc) .
¥t'né othér means of emergenicy control are avail-
aple, Tever 122 may be-operated to brovide man-
ual control of the pumps when such failure of
the fuel ‘control apparatus oceurs.

‘While the ermbodiment of my-invention shown
#nd deseribed herein specified use of collapsible
bellows 45 pressure résponsive means, the inven-
tion ‘does not preclide employment of pressure
-responswe pistous, diaphragms, or other suitable
‘heans.

Othet tertns and ekpréssions which I have ém- .

-ployed are used as terms of descrlpmon and not of
ueh ’cerms and expressions, of excludmg ‘any
~egnivalents of the Teatures shown and deseribed
‘Portions ‘thereof, but recognize that various
ddifications are possible within the scope of the
vention claimed.
) ,'I' ‘claim as my invention:
-1, Flaid pump control apparatus for a fotating

sso«nated theréwith & source ‘6f fuid, a conduit
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méshariism Having for supplying fiuid from said
souirce to said mechanism for rotation thereof,
means for rotating said mechanism at & speed
determined by the rate of said fluid flow, and a
device for producihg & control pressure in said
apparatig 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 finid
from said source to said conduit, a pair of putips
in setries in said connection for producing said
flow, and means responsive to said control pres-
sure for regulating the respective pressures in
said connection hetween said pumps and in said
condirit, o that said fluid fow and the speed of
saifl mechanism are each a gelected function of
said control pressure.

2. Fluid pump control apparatus for a rotating

-rnéchanism 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 fiow 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 préessures in said con-
nection between said pumps and in $aid conduit;
and second means effecfive, when one of said
pumps fails so that said first means cannot main-
tain said conduit pressure at a value c¢orrespond-
ing to a predetermined funection of said control
pressure, to cause the other of said pumps to de-
liver fiuid to said conduit from said source S0
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 predétermined functions of said con-
1rol pressure.

3. Fuid pump contrel apparatus for a rotat-
ihg mechanism having associated therewith a
gource of fluid, & eonduit for supplying fluid from
said source.to said méchanism for rotation there-
of, means for rotating said mechanism at a speed
determined by the rate of said fluid flow, and &
device for producing a control pressure in said
apparatus whiech is 3 function of the desired rate
of said fluid fow and hence said speed; compris~
ing: connecting means including 4 pair of pumps
in series therein for delivering fluid from said
soutrce to said conduit, first means for oberating
said pumps including a pair of shear pins, one

9 of which is subject to failure when the torgue re-

guired 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-
leeted relationship with said control pressure;

and manually operated means foroverriding said

‘third means to cohirol said conduit fiow; where~

by said conduit flow ‘and hence the speed of said

mechanicm are functions of said control pres-
stire, 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. PFluid pump control apparatus fora rotating

‘mechanism having associated therewith a source

of fiuid, a conduit for supplying fluid from -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 said fiuid fiow, and a
device for producing a control pressure in said
apparatus which is a function of the desired rate
of said ifluid 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 tiow, 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
& 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 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, 2 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 4

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 conduif, 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 sécond predetet-.
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
bumps 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 hag 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 Ppressure 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
sald 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 bheing
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 fiow 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 functioh of said second pressure; third
and fourth channels respectively for the How of
fuel between sald 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 be
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tween said first and second channels so that, when
said secondary pump failure cccurs, said speond
valve means stops flow thru sai¢ second chan-
nel and overrides said first valve means to reg-
ulate the fow thru said first channel; whereby
said conduit flow and hence the speed .of said
mechanism is a function of said control pressure
and i3 not affected by said secondary pump
failure. . .
o 8. Fluid pump control apparatus for a rotating
mechanism having asscciated therewith a source
of fluid, a conduit for supplying fluid frem said
source to said mechanism for rotation thereof,
mesans. for rotating said mechanism at a. speed
determined by the rate of said fiuid flow, and a
device for producing a contrgl pressure in said
apparatus which is & function of the desired rate
of said fiuid flow and hence said.speed; compris-
ing: & primary pump having the inlet thereto
connected to said source, a secondary pump hav-
ing the ocutlet therefrom connecied to sald con-
duit, a first connection for the fiow. of fluid from
said primary pump to said secondary pump, said
primary pump normally supplying fluid fo said
connection at a predetermined rate greater than
the corresponding rate of flow from 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 flow of fiuid

from the outlet from said primary pump to said i

second connection, first valve means in 5aid third
connection for regulating the flow therethru, sée~
ond valve means in said second and said third
eonnections for regulating the flow therethry, 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 heing
responsive to said device and normally effec-
tive to regulate first and second presgsures 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 neing effective, when
said secondary pump fails to produce fiow.there-
thru, to override said first valve means and to
regulate said first pressure ab said second pro-
portional value of said control pressure; means
for flowing fluid from said primary pump to said
conduit when said failure oceurs, and first man-
ually operated means for overriding said ssc-
ond valve means to regulate said flow in said
conduit by varying the effective arex of flow 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 fora rotating
mechanism having associated therewith & source
of fiuid, a conduit for supplying fluid from.said
source to said mechanism for rctation thereof,
means for rotating said mechanism ot a speed
determined by the rate of said fluig flow which
{8 @ funetion 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 Auid flow, and a pump control lever; com-

prising: a first conuection hetween said source

and said conduit, a primary pump and a sec-
ondary pump downstream therefrom and in series
therewithin said connection for producing said
éonduit flow, first means for by-passing a part of
the fluid discharged -from -said. primary pump

10

15

20

16

to.said. source, second means including a valve
and a bellows responsive to sajd control pressure
for operation of said valve, said valve being ef~
fective to control said first means in order to reg-
wlate 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 contrel 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 prozortional
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
cause 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 sec-
ond angd third means so that said conduil press
sure is increased from a minimum value corre-
sponding to the value of said control pressure to
a‘maximum value eorresponding 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
gai¢ mechanism,

--10. Fliuid pump control apparatus for a rotat-
ing mechanism having associgted therewith a
source of fluid, a conduit for supplying fiuid from

_ said source to said mechanism for rotation there-
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of, means for rotating said mechanism 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 meéans
by said pumps having values determined by third
and fourth pre-established empirical functions of
said pump 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 eonnecting said pumps to said driving means
for transmitting said ftorque loads from said
pumps to said driving means and adapied to fail
so as to remove szid forque loads from said driv-
ing megns when said torque loads excesd pre-
determined wvalues, 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 ocecurs, 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 mesns 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 fune-
};ion of said control pressure and said. control
ever.

11. Pump control apparatus for an internal
combustion engine having associated therewith
& 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
so that the value of said fuel flow is said se-
lected function of said control pressure, where-
by said engine speed is a funection of said control
bressure and has a desired value.

12. Pump control apparatus for an internal
combustion engine having associated therewith
& 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, 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 funections 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
g 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 confrol pressure and to an air
Presgure in said engine for regulating said con-
duit pressure downstream from said secondary
pump as said predstermined function of said con-
trol pressure; said respective pressures down-
stream from said primary and said secondary
pumps being in a pre-estaplished substantially
constant relationship with each other; and third
means effective, when said primary pump fails
s0 that the normal supply of fuel from said pri-
mary pump to-said secondary pump is diminished
more than g predetermined. amount, to connech
the inlet of sajd secondary pump to said source
for flow of fuel therebetween at a rate which
compensates said diminished supply, the sum of
the respective pressure differentials across said
pumps remaining substantially constant regard-
less of said primary pump 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. Pump control apparatus for an internal
combusticn 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 2 selected function of the de-
sired rate of fuel flow in said conduit, compris-
ing: a primary pump and a secondary pump in
gaid condult 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 aecross 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 ehgine 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 se¢~
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ondary: pump:-being ‘downstream from:said pri=
mary pump, frst means for regulating the pres-
sure downstream-{rom said primary pump as.a
preselected function of said:control pressure, sec-
ond 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; 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 .pressure. differential
acrosssaid failed pump; said conduit. pressure
being.unaffected by said pump failure, and man-
ually operated means fop overriding. said: first
and second means 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 thHe engine speed is'normally a function of said
control pressure and.has-a predetermined value
not: affécted 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 speed:iof said;engine by the rate
offuel flow. from-said:source. to said:engine, &
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 ifow.therethroughto 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..szid 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 thereacross, 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” pre-
selected and said” predetermined- functions- -of
said control pressure; said seventh means: being
eﬁ'ectlve when - the delivery through said see--
ondary pump decreases” as‘ & result -of failure
thereof so-that said -fourth -means-cannot regu--
late said-conduit pressure as said ‘predetermined:
function  of ‘said control pressure, t0 permit:flow:
through: said’ fifth means- so' that- said primary:
pump-delivers-an amount of ‘fuel-difectly to said

30

35

45

55

60t

65;

-3

75

07

20

conduit ;equal to:the:amount :of 'said secondary
pump: delivery decrease:therebymaintaining said
conduit pressure:at:thesvaliieicorrespending:to
said: predetermined: fanction of: said - control
pressure; & connection: between:saidisecond. and
fourth: means. for:rendering said: second-means
sulject to override:controlby said:fourth:means
when Said;secondary: pump failure:occurs; said
eighth means..being: effective, when:correspond+
ing failure.of said primary pump occurs;.to:pers
mit:fow. through said sixth:means:so.that:said
secondary.-pump. obtains an:amountiofifuel:div
rectly. from: said :source:equal to:the-amountiof
the . primary  pump: delivery:. decrease: thereby
maintaining said:conduit: pressure: ati the.value
corresponding. to -said: presslected s funetion of
said control pressure; the-sum:of the :respective
pressure: differentials:-across:said primary:and
secondary: pumps remaiming: substantially cot~
stant at any given value of said control pressure.
regardless: of “the occurrence or:-of ‘theextentiof
failire of either-of isaid:pumps; and-valve-means
connected - to: said:controllever: for: overriding:
said ' second and fourth: means: for: varyingthe
flow-in -either said first: and-said third:means: or:
in- said -conduit; respectively,. to-vary said:con=
duit -How: from a-zero:value -corresponding:t6 &
predetermined “cut-off” position-of said lgver: to:
a-value corresponding to a predetérmined ‘emers
gency’ léver: position -atiwhich’said conduit-fiow:
ig: the- maximum  produeible:: by - said: pumps;:

whereby the engine speed-normally has:a-desired
valuesthat is a function of isaid ‘control pressurey
failare:-of -either-ofisaid -pumps'-is:--compensated:
by<the other-without. affecting ‘thie: engine:speed;

and the -engine speed -is: subjectito- override: con+:
trol ‘by: manual loperation of said lever.:

17. Fluid pumping: apparatus-comprising:a -pair.
of “pumps:-connected ity series, a- relief valve-for
regulating the- discharge: pressure:-ofthe:fiist’
pump ot & fitst predétermined:value; & control
valve-for comtrolling: tHe: discharge: pressure:-of:
the second pump at asecond predétermined values
greater than- said first value;. by-pass:-means:
as_somated ‘with -eaeh pump--so-thatiifione pump:
fails the other-can-pump flaid thri the by-pass:
means’ of the:failéd pump; and means:effective:
uporn’ failure-of’said ‘second. pump-to-place-said’
control ‘valve in controlof the diseharge-pressure:

" of“thie- first pump, so- that*no-drop iy the~dig=-

charge- pressure-from- the -second ‘pump 0CCUrs:
uporrfailure-of that pump.

18. Fluid pumping apparatus; comprising:first!
and’ second pumps,for-delivering fiuid to-a digs
charge conduit, fitst’ relief -valve means 161 reg<
ulating the discharge pressure-of ‘said fifst pumyp’
at a . fifst- predetermined value,, control” vatve’
means _for regulating the- dlscharge pressure-of-
said second pump- ata: second* predetermmed
value higher than sald,“ﬁr‘st,‘va.ll_le second ‘relief’
valve means for regulating the: discharge pres=
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 apparatusfor a-rofating mech--
anism having asseciated  therewith : a- source:-ofs:
fluid; & conduit-for supplying: fluid. from::said:;
souree-to said:mechanism for. rotation:thereof,:
means:for: rotating: saidimechanism- at-a speed:
determined by the:rate:of:fluid flow, amnd a.conx:
trolidevice: for: producinga control:pressugke:im,
said apparatus-which:controls the:rateiof 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 szid source to said
conduit, means responsive to sald control pres-
sure for regulating the delivery of said pumps
so that said fluid fiow to and the speed. of said
mechanism is always a selected function of said
control pressure.

20. Fluid pump apparatus sccording to claim
19, including s 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 fluid pressure in said conduit
during cutoff as a predetermined function of
sald 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 aceording to claim
19, including gz relief valve for normally regu-
lating the fluid pressure between said pumps at
a valuye approximately equal to the value of said
control-device pressure, and a conftrol 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 confrols 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 g rotating mech-
anism having associated therewith a source. of
fluid, a conduit for supplying fiuid 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, 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 g rotating mech-
anism having asscciated 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 conduif, a control valve for regulating the
fluid 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
sald 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 2 common dis-
charge condult under a selected pressure at a
selected pump speed; means to regulate the oper-
ation of said apparatus so that the normaj 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
pump.

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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matically: -continues: to: operate .without: inter-
ruption. .
320:Pluid - pumping  apparabuse: according: to
claim 31, having.means:wherebybeth:pumps-are
driven by a commoidrive shaftowhich, upon.coms=
pletesfailurec of: ome: pumyp;- automatically .con-
tinuesito. drive:the:otherpumpewithoutsinterrup=
tion.
33:. Fluid.: pumping ;- apparatus . comprising:. a
" pair:of pumps:connected in:seriessandiadapted
tosreceives fluid: from a» common source: and: to
deliver:said fluid:to a common:discharge;conduit
under:: az. seleeted: pressure:.atia .selected - pump
speed;; means: tos regulate the:operation:.ofisaid
apparatus:so that:thertotal pumping leadsis:ners
- mally;: divided. equally.:between: beth pumps:at
all operating:-speeds; :and means for: making
either; pump:. automatically.. assume: the:. total
pumping load: upon:complete failure ofthe:other
pamps
o 34 Flwid: pumaping: apparatus . according: to
claim;33; having:means: whereby,. upon:the: pars
tial:failure: of :one:pump,. the otlier pump -will
automatically: assume: such: paxt - of-the:. tofal
pumping load.as:required to always-maintain:the
normal.digcharge:of -said: apparatus:, .
35+ Fluid. pumping: apparatus according: to
ways-operate.at-equal speedsuntil one pump-fails
completely,  after. whieh:the  ofher: pump:auto=
magtically: continues to operate: without:intercups
tion..
36..Fluid. pumping: apparatus. according. to
claim.33; having imeans. whereby; both pumps:are
driven :by.-a common: drive:shaft: which, . upon
complete-failure-of one:pump; automatically:con-
tinues:.todrive;the-other: pump . without: inter=
ruption..
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37 Fliaid: pumping apparatus . according: te
claimy: 33;: wherein: bothy: pumps:are:.of -constant
delivery.type. and ofisubstantially:-equal:capapgity
under:normal 'operation::

38, Fluid. pumping:- apparatus:. according . to
claim 33, having means whereby, upon :partial
or:total failure:of orne: pump; the:discharge of:-the
other pump is partially or totally: by-passed.
arcund thefirst-pump:

39: Fluid: pumping -apparatus: according to
claim:33; wherein: both pumps:normally operate
inuseriés:with:.each .others.

40:.Fluid: pumping . apparatus acecording to
claim.39; having:means:whereby; upon:the partial
failure.of one pump; both:pumps operate par=
tially :in:seriessand partiallyin:parallel;
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