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1

This -invention relates to automatically con-
trolled pumps capable of maintaining predeter-
mined pressure differentials.

Specifically the invention relates to a fuel sys-
tem espetially adapted for aircraft usage to main-
tain proper feed of fuel to an engine irrespective
of the altitude in which the engine is operating.

The invention will hereinafter be specifically
described as embodied in an aircraft fuel system,
but it. should be understood that the features of
this invention are useful in many other systems.

In ‘accordance with this invention, the fuel
tanks of an airplane are vented to the ambient
air, and each carries an individual electric motor-
centrifugal booster pump unit-capable of separat-
ing or rejecting gases and vapors from the liquid
fuel and pressuring fully liquid fuel into an emer-
gency electric motor-driven booster pump unit. A
selector valve is preferably provided between the
tank mounted booster pump units and the emer=
gency booster pump unit so that fuel can be se-
lectively fed from one or more tanks into the
emergency booster pump unit. The emergency
beoster pump unit, like the tank pumps, is of

the centrifugal type having the inlet and outlet

thereof in constant communication even when the
unit is idle. Normally this emergency unit is idle
and the tank units pressure the fuel through the
emergency unit to the inlet of a positive displace-
ment main fuel pump driven by the aircraft en-
gine. The main fuel pump has a by-pass per-
mitting fuel flow therethrough when it is idle
and a relief valve mechanism for maintaining a
desired pump pressure differential. - When the
main fuel pump is damaged or insufficient to sup-
ply ‘fuel under the desired pressure to the en-
gine, the emergnecy unit is used to supply fuel
to the engine at the proper pressure.

The  electric motor driving the emergency
booster pump is automatically controlled to op-
erate the pump for maintaining a constant fuel
pressure differential based on the pressure exist-
ing in the engine intake manifold at the point
where fuel and air to the engine are admixed.

The tank-mounted booster pumps are usually
sufficient to maintain proper engine performance
even at high altitudes and, as explained above,
the emergency booster pump need not normally
be used. However, for emergency high pressure
duty, for example in case of failure of the main
engine-driven fuel pump, the emergency booster
pump is placed into operation to add to the pres-
sure produced by -the tank mounted booster
pumps, for supplying fuel to the engine through
the by-pass in the main fuel pump. Since the
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tank pump, emergency pump, and main pump
are all arranged in series or tandem, and all have
actual or inherent by-passes, any one of the three
pumps will supply fuel to the engine in amounts
sufficient. to maintain flight when, for example,
the other two pumps are damaged or otherwise
inoperative.

The tank-mounted booster pump will pressure
the fuel from the tank sufficiently to prevent lib-
eration of gases and vapors from the fuel and, at
the same time, will beat out bubbles of gas and
vapor from the fuel about to enter the pump so
that no vapor lock can occur in the fuel conduit.

The emergency booster pump preferably has a

direct current electric motor with a shunt feld.
A resistance circuit is automatically placed in se-
ries relation with the shunt field to weaken the
field and speed up the motor whenever the dis-
charge pressure of the emergency pump falls be-
low a. predetermined differential pressure. The
automatic control of the motor speed is brought
about through the use of a motor-driven governor
having a first contact point which is radially mov-
able under the influence of centrifugal force coop-
erating with a second radially movable contact
point controlled by a flexible diaphragm. Oneside
of the diaphragm is exposed to pump discharge
pressure while the other side of the diaphagm is
exposed to engine intake manifold pressure. When
the contact points are open, the resistance circuit
is placed in series with the shunt field of the
eleciric motor.. When the' contact points are
closed, the resistance circuit is by-passed, the mo-
tor field strength increases, and the motor speed
reduced. ‘
- It is, then, an object of this invention to provide
a fuel system especially useful in aircraft includ-
ing a tandem arrangement of booster pumps in
advance of a main fuel pump for selective op-
eration to insure high altitude performance of
the aireraft.

A still further object of the invention is to pro-
vide an aircraft fuel system with a tandem ar-
rangement of booster pumps capable of prevent-
ing vapor lock in the system while maintaining a
constant predetermined fuel pressure differential
based on the aircraft engine intake manifold
pressure. :

A still further object of the invention is to pro-
vide an aircraft fuel system with an emergency
booster pump capable of maintaining desired fuel
pressures even when the main fuel pump of the
aircraft engine is inoperative.

:Another object of the invention is to provide
an electric motor-driven pump whérein the speed
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of the electric motor is automatically controlled
to maintain a desired pump discharge pressure.

A still further object of the invention is to pro-
vide a tandem arrangement of electric motor-op-
erated centrifugal type booster pumps with an
automatic control for the speed of at least one
electric motor. :

A still further object of the invention is to
provide a booster pump-main fuel pump type of
aircraft fuel system with an emergency booster
pump which is automatically driven at a speed
for maintaining a predetermined fuel pressure
differential. )

A still further object of the invention is to pro-
vide a fuel system for aircraft engines which in-
cludes a tandem arrangement of centrifugal type
booster pumps wherein at least one of the pumps
is driven at a speed determined by the discharge
pressure of the pump and the pressure existing

in the engine intake manifold at the point where 2

fuel and. air.are admixed so as to maintain a
eonstant pressure differential : between. the fuel
pressure and the engine intake manifold pressure
at this point. ) : )

‘Other and further objects of the invention will
be apparent to those skilled in the art from the
following detailed description of the annexed
sheets.of drawings which, by way of preferred ex-
ampie only, illustrate one embodiment: of the in-
vention.

On the drawings:
. Figure 1 is a fragmentary and broken some-
what diagrammatic elevational view of an air-
éraft fuel system according to this invention.
J.migure 2 is a side elevational view, with parts
broken away and shown in vertical cross section,
of one-of the tank-mounted booster pumps in the
system of Figure 1.
- PFigure 38 is o wiring diagram for the emergency
booster. pump-unit shown in- Figure 1.

[Figure 4 is an enlarged side elevational view,
with parts in vertical cross section, of the emer-
gency booster pump unit. .

- Figure 5.is & view taken along the line V—V of
Figure 4. . ‘ .

“Figure 6 is a view taken along the line VI-—VL
of Figure 4, the brush elements being omitted.

- As shown on' the drawings:

. In Figure 1-the reference numerals 19, 19. des-.
igriate fuel tanks of an airplane (not shown).
These tanks 18, {0 are vented to the ambient air
through -vent openings ii;.4{.in the top: walls
thereof. Each. tank 18 has an. electric :motor-
driven centrifugal booster pump:unit :12:mounted
. on the bottom wall thereof. o

_AS'best shown in Figure 2, éach booster pump
unit 12 includes-a casing 8 housing an-electric
motor (not shown) which is erergized through
electric wires such as W (Figure 1). The electric
motor has a drive shaft- 14 projecting through- a
pump casing {5 from the motor casing 13, ‘The
pump casing 1% has -an outturned flange 15a
which is directly bolted on the bottom wall of a
tank 10 as shown in Figure 1.

* The pump casing i5 defines a pump volute
chamber {6 with a central inlet {T defined by a
throat ring 18 projecting into the tank to freely
communicate with the lower portion of the tank.

Fuel can flow by gravity through the inlet 17
into the volute chamber 1§ and thence through
an. outlet 19 communicating with the periphery
of the volute chamber into a pipe line 29 connect-
ed: to. an inlet of a selector valve 21. The:ar-
rangement is such that fuel can flow from the
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4
tank 18 into the selector valve 21 even though
the pump unit §2 is not being operated.

An impeller 22 (Figure 2) is mounted on the
drive shaft 128 and has upstanding pumping vanes
23 thereon underlying the throat ring 18 to cen-
trifugally propel fuel from the inlet IT through
the volute chamber 16 and info the pipe line 20.
In addition, a propeller 24 is mounted on the
drive shaft {4 in.advance-of the pumping vanes
23. This propeller is disposed in the tank and

_acts on fuel about to enter the pump unit 12 be-

fore the fuel reaches the pumping vanes 23 and is

' trapped in the pump. The propeller 24 serves to
_beat. out bubbles of gas and vapor from the fuel

and laterally ejects these bubbles away from the
pumping vanes 23 so that, when the pump is oper-

. ating, only fully liguid fuel is pressured into the

fuel line 29. 'The rejected bubbles of gas and va-
por will rise to the surface of the fuel in the tank
i where they will burst to discharge the- gases
and vapors out of the tank through the vent If.

The selector valve 21 has an outlet communi~
cating with a fuel pipe 25. This fuel pipe 25 con-
ducts fuel from the selector valve 21 to an emer-
gency duty electric motor-centrifugal booster
pump unit 28. .

As shown- in Figure 4, the unit 26 includes a
generally cylindrical open-ended casing 27 with
a cap 2§ closing one open end thereof, a cup mem-

. ber 2§ seated in the open end closed by the cap

28 and having a partition wall 28a providing a
diaphragm chamber 3§ in this end of the casing.
A second partition wall 34 is provided intermedi-
ate the ends of the casing 27 in spaced relation
from the partition wall 29a to provide a governor
champber 32 in the casing, A motor compartment
33 is provided by the casing 27 and houses an
clectric mosor field or stator 34 and an electric
motor armafure or rotor 35: The armature or
rotor 25 is rotatably mounted on a shaft 36 car-
ried. by casing-supported bearings such as 37.
The casing 27 also carries brushes such as 38 for
engaging the commutator: 39 of the rotor or
armature 35. An impeller 40 is mounted on the

; shaft 38 and projects beyond the other open end

of the casing 27. This open-end of the casing 27
is covered -by means of a cap 4{ defining a pump
volute chamber 42 and having a central inlet 43
receiving the pipe 28 together with a peripheral
outlet 44 receiving a discharge pipe 45 as shown
in Figure 1. : ) -
. ~The inlet. 43 and outlet 48 are always in com-
munication irrespective of whether or not the
impeler 48 is being. driven.. When the impeller,
48.is being driven, the pumping vanes 40a there-
on will centrifugally pressure fuel from the inlet
43 through the volute 42 into the outlet 44.

As shown in Figure 1, the pipe 45 from the out-.
let 44 of the unif 26 communicates with the inlet
of & main fuel pump 46 mounted on and driven
by the aircraft engine 47.. The fuel pump 46
which is diagrammatically shown is of the posi-
tive displacement. type including a vaned rotor
48a between the inlet 46b and outlet 46¢ thereof
for pressuring fuel from the pipe 45 to a pipe 48.
A by-pass-valve 484 is: adapted to connect thein-
let and outlet around the rotor 46e¢ whenever in-
let pressure is greater than outlet pressure. A
relief valve 48e is adapted to relieve fuel from the
outlet back to the inlet to maintain outlet pres-
sure at a constant pressure differential based on
either ambient air pressure or engine intake man-
ifold pressure and selectively determined by an
adjustable spring 46f urging the relief valve to-
ward closed position. A diaphragm. 46g is ar-
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ranged for co-movement with the valve 46e. In
order that the spring 46f can be the determining

factor for maintaining the selective pressure dif- -

ferential, it is preferred that one side of this dia-
phragm have an effective area exposed to the en=
gine manifold pressure through a tube 467 con-
nected to the manifold 49 of the engine 47 that
is balanced by an equal area on the valve 46e ex-
posed to the pump outlet pressure.

“The intake manifold 49 of the engine 4T has an
air ‘pressure-controlled variable Venturi throat
50 controlling flow of fuel through .a carburetor
51 receiving the pipe line 48 and having o dis-
charge line 52 connected to the engine intake
manifold at a point closer to the engine than the
throat ‘§8. ~ An air supercharger or air pump 53
is ‘provided to force air through the Venturi
throat -80. Air from the supercharger 53 ad-
mixes with fuel from the fuel line 52 in the mani-
fold 48.

..'The engine intake manifold 49 has a tube 54
leading therefrom at the point therein adjacent
the point where fuel from the carburetor and air
from the supercharger are admixed. This tube
54, as shown in Figure 4, communicates with the
mterlor of the cup member 29 in the casing 27
between the wall 29¢ of the cup and g shoulder
29b on the-cup. This shoulder has a diaphragm
disk 55 held thereon in sealing relation by means
of a washer 38 and cap screws 56a extending
through the washer and threaded into the shoul-
der 29b. The diaphragm 55 snugly embraces a
shaft 57 extending through the cup member and
Projecting into the cap 28 and also into- the
chamber 32.  Metal disks 58 overlie the central
portion of the diaphragm 55 on both faces thereof
and are abutted by tubes 59 seated on the shaft
51. Each of these tubes has outturned flanges at
the ends thereof, one set of which engage the
washers or disks 58 and the other set of which
engage small diaphragms 68 respectively carried
around their peripheries by the partition wall
29a of the cup 29 and by an aperfured metal disk
6! between the end cap 28 and the open end of
the cup 29. The shaft 57 has an integral collar
portion or head 57a spaced from the end thereof
which projects into the chamber 32 effective to
clamp the adjacent diaphragm €8 between the
end of a tube 59 and the collar 57« thereby pro=
viding-a sealed compartment 20a in the chamber
30 on one side of the diaphragm 55. - The other
small diaphragm 66 is sealingly clamped by the
other ‘tube member 59 ang by a ferrule or tube
62. The ferrule or tube 62 is acted on by a nut

63 threaded on the shaft §7. The diaphragm seal ;

69 thus provides a $econd compartment 30b in
the chamber 39 on the other side of the dia-
phragm 535.

.. A spring retainer 64 overhes the seal 6@ on the
plate 61 and receives a coiled spring 65 there-
around. A second spring retainer 68 receives the
other-end .of the coiled spring 65 and a nut 67
on the end of the shaft 571 adjustably positions
the retainer 66 to control compression of the
spring 65, The spring 85 tends to urge the shaft
51 away from the chamber 32 into which said
shaft projects. The end cap 28 defines g re-
cess receiving the spring retainers .and spring
and the end of the end cap 28 is preferably aper-
tured as at 28a. so that the nut 67 is accessible
from the outside to control the compressmn of
the spring 635.

A tube 68 joins the compartment 30b with the
discharge side or outlet 44: of the pump.
:uThus-one side ‘of ‘the diaphragm. 55 is: éxposed
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to engine-intake manifold pressure through the
tube 54 tending to shift the shaft 5T out of the
chamber 32, The other side of the diaphragm 55 ‘
is eXpOSEd to pump discharge pressure through

the tube 68 tending to shift the shaft 57 further
into the chamber 32. The diaphragm seals 60

permit shifting of the. shaft while sealing the
compartments 30a and 30b on opposite sides of
the diaphragm 55.

The compression of the spring 65 can be .set
by the position of the nut 87 'to oppose, with any
desired force, shifting of the shaft 57 further into
the chamber 32 and thereby opposing the pump
discharge -pressure acting through the tube 68
on the diaphragm 8§ from shifting the shaft.” As
a result of this adjustment, once the spring is set
to maintain a desired pressure differential be-
tween pump discharge pressure and engine in-
take manifold pressure, the shaft will only be
shifted upon variation of the pressure differential
between the compartments 30a¢ and 3%b which -
compartments are respectively under manifold
pressure and pump pressure,

A disk 10 has a hub portion Ti keyed or other-
wise secured to the motor shaft 36 in the cham-
ber 32 of the casing 27. This disk has an upstand-
ing circular flange 12 surrounding the same and
providing an open cup facing the partition wall
290 of the cup 29. The other face of the disk car-
ries & pair of segmental circular contact rings 73
as best shown in Figure 6. Two brushes such as
14 carried in ferrules such as I5 by the partition
wall 31 are spring-urged against the contact rings
13.

As shown in Figures 4 and 5, the face of the disk
10 opposite the face carrying thé contact rings
73 carries a pair of opposed brackets 76 and 7171.
The bracket 16 carries a leaf spring 18 while the
bracket 11 carries a leaf spring 79. ‘The leaf
springs 18 and 79 project -across the .face of the
disk in spaced opposed parallel relation with the
spring: 18 being radially outward of the spring
19. The spring 18 carries a contact.point 80 and
the spring 79 carries a contact point 81 cooper-
ating with the point 89.

A bracket 82 is secured on the disk 78 angd tllt-
ably carries a lever 83 with a button end 84 acted
on by the end of the shaft 51.. An arm 85.is pro-
vided on the lever 83 to-actuate a rod or link 86
secured at its end to the outer contact point 80.
When' the shaft 57 is moved further into the
chamber 32, it will tilt the lever 83 and arm- 85
to. actuate the rod 86 for drawing the contact
point 80 radially inward.

The position of the contact point 81 is influ-
enced by .centrifugal force and depends upon .the
speed at which the disk 70 is being rotated.

As shown in the wiring diagram of Figure 3,
current from a battery or other source 87 is fed
through a wire 88 through both the stator 34 and
rotor 35 of the electric motor for the emergency
hooster pump 26. "A wire 89 connects the stator
or field 34 with the confact rings 13 through one
brush 74. The contact rings 13 are joined through
a circuit 89 including additional field windings or
resistance 91 in series with the field 34 when-
ever ‘the contact points 88 and 81 are separated.
A wire-92. connects the armature 35 and contact
rings 13:through. the other brush 74 with the
ground 93,

. When the contact points 80 and 81 are to-
gether, the resistance 81 is removed from the cir-
cuit 90,

- Since a motor with a shunt field is used, addi-
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tion of resistance 91 to the field will weaken
the field and cause the motor to eperate at in-
creased speed. Therefore, whenever the points
80 and 81 are separated, the motor will be ob-
erating at high speed. Whenever the points 80
and 81 are together, resistance is taken out of
the field circuit, the field is strengthened, and the
motor will operate at reduced speed.

As explained in connection with Figures 4 and
5, the radial position of the contact point 81 is
controlled by the speed of the disk T0 under the
influence of centrifugal force since the contact
point 81 will tend to fly outwardly. However, the
radial position of the contact point 88 is con-
trolled through the link rod 8€ and lever 83 by
the position of the shaft §1. Therefore. the
speed at which the contact point 81 will reach
the contact point 88 depends upon the position of
the shaft 51.

As explained hereinabove, the position of the
shaft 57 is controlled by the spring 65 and by the
difference in pressure or pressure differential
between the compartments 38a and 36b. The
compartment 38¢ is under engine intake mani-
fold pressure while the compartment 30b is under
pump discharge pressure, Therefore adjustment
of the spring 83 will predetermine the speed at
which the contact points will close and will serve
to maintain a predetermined pressure differen-
tial between pump discharge pressure and engine
intake manifold pressure. If the pump dis-
charge pressure increases above the desired dif-
ferential, the diaphragm §5 will shift the shaft
57 further into the chamber 32 thereby drawing
the contact point 80 radially inward and main-
taining closed position of the points at lower
speeds. The motor will thereby slow down and
the pump pressure will be decreased. On the
other hand, if the intake engine manifold pres-
sure should increase relative to the pump .dis-
charge pressure, the action of the spring 68§ to
retract the shaft from the chamber 32 will be
assisted by pressure in the compartment 33a.
This will permit the contact point 86 to assume
a more ouwtward position under the influence of
centrifugal force and the contact points will not
be closed until a higher speed is reached thereby
speeding up the motor and increasing the pump
pressure to bring it up to a predetermined dif-
ferential above the increased engme intake mani-
fold pressure.

Thus, the diaphragm and centrifugal governor
control for the-emergency pump unit 286 make
possible the use of this unit in place of the engine
driven main pump 46 in the event that the pump
46 becomes imoperative and in such.event the
engine will continue to receive sufficient fuel un-
der the desired pressure to maintain high altitude
flight the same as when the main pump is operat-
ting. - The emergency pump can maintain the
same fuel pressure differential as the main pump
based either on ambient air pressure or engine
manifold pressure.

From the abeve descriptions it should be un-
derstood that the invention provides a tandem or
series arrangermsent of pumps including an emer-
gency pump between other pumps in the system
which emergency pump can be operated to main-
tain a predetermined pressure differential of the
material being pumped.. This pressure differen-
tial is preferably based on engine intake manifold
pressure of an aircraft engine but without. de-
parting from the principles of the invention it
can be based on: ambient air pressure by merely
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exposing the compartment 30a to the ambient
air instead of to the engine intake manifold.

At least two of the pumps in tandem are cen-~
trifugal type pumps having inlets and outlets
in constant communication so that fiuid can flow
therethrough even when the pumps are inopera-
tive. One of the pumps may be a positive dis-
placement pump with a by-pass therearound.’

When the invention is embodied in an aircraft
fuel system; a centrifugal type pump is mounted
on each fuel tank of the aircraft and is driven by
an individual electric motor. These pumps have
agitators associated. therewith disposed in: the
tanks to eliminate gases and vapors from the lig-
uid about to enter the pumps so that vapor lock
will not occur. - The tank mounted pumps dis-
charge through a. selector valve having a plu-
rality of inlets which can be placed in communi-
cation with each other together with an outlet
communicating with the emergency pump. The
tank-mounted pumps-can thus be used to trans-
fer fuel from one tank to another by pesitioning
the selector valve 21 so that two of -its inlets are
in communication.

Tt will, of course, be understood that various
details of construction may be varied through a
wide range without departing from the princi-
ples of this invention and it is, therefore, not the
purpose to limit the patent granted hereon other-
wise than necessitated by the scope of -the ap-
pended claims.

I claim as my invention:

1. In a fuel system. adapted for high altitude
aireraft performance, an emergency electric mo-
tor-booster pump unit having a pump inlet and
an outlet in constant communication with the in-=
let, a main fuel pump having an inlet communi-
cating with the outlet of the emergency booster
pump and having a by-pass therearound, an air
supercharger, a carburetor receiving fuel from
the main pump, an engine intake manifold re-
ceiving air and fuel from the supercharger and
carburetor, said electric motor of the emergency
booster pump unit having a shunt field, a cen-
trifugal governor driven by said shunt field motor
having contact points in the emergency electric
meotor circuit that are mounted for swinging ra-
dially outward under the influence of centrifugal
force, a diaphragm exposed on one side to dis-
charge pressure of said emergency beoster pump
and exposed on the other side to pressure in the
intake engine manifold at the point where the
fuel and air are mixed, means controlled by said
diaphragm for regulating the radial -position of
one of said contact points,-and a resistance cir-
cuit adapted to be placed in series with the shunt
field of the electric motor driving the emergency
booster pump whenever said contact points .are
separated whereby the field is weakened and the
motor speed is increased.

2. In a fuel system including a positive dls-
placement fuel pump, a carburetor receiving fuel
from said pump, a by-pass associated with said
pump, and & device operated in one direction by
air pressure and in the reverse direction.by fuel
pressure associated with said pump to maintain
a constant pressure -differential between:the fuel
pressure at the carburetor inlet and the-air pres-
sure existing at the point where the fuel is intro-
duced into the air for forming a combustible mix-
ture; the improvement of a .cenfrifugal pump
having an outlet communicating with the inlet of
the fuel pump, a driver for said centrifugal pump,
and automatic means for controlling the-speed of
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sait driver:exposed on one sidé tocentrifugal
bump pressure and on thelother: side to pressure
existing at the point'where: fuel is introduced in-
to the ‘air” for “forming a  combustible mixtire
whereby'said centrifugal pump can take the place
of said:-fuel pump and device to.maintain the con-
stant fuel pressure differential.

3..A pump and motor unit eomprising an elec-
tric.- motor, & pump impeller- driven by said elec-
tric motor, meanis defining a ‘pumping chamber
surrouniding said impeller and having a’ central
inlet and a peripheral outlet, a’centrifugal 'gov-
ernor driven by “said electric’ motor ‘including
swingable contacts adapted to vield under cen-
trifugal influence to control the speed of the'mo=
tor, and meang for automatically adjusting the
contacts of said governor in accordance with the
pump discharge pressuré to control the speed of
the motor for maintaining a constant. pump dis-
charge. pressure, C ‘

‘4. A pump and eleciric motor unit comprising
an electric motor, a pump impeller driven by said
motor, means providing a pumping chamber, sur-
rounding said inipeller; a resistance circuit, a cen-
trifugal governor including swingable contacts in
sald circuit adapted to yield under centrifugal
influence for piacing said resistance cireuit in and
out of series with said electric motor to control
the speed of the motor, and means automatically
adjusting the contacts of said governor in accord-
ance with the pressure differential between the
pump discharge pressure and a base pressure for
regulating the speed of the motor to maintain g
constant pump pressure differential.

5. A unit comprising an electric motor having
an armature and a shunt field, a pump driven by
the armature of said motor, a centrifugal gover-
nor driven by the armature of said motor, a con-
tact point swingably mounted on said governor
and adapted to swing outwardly under the in-
fluence of centrifugal force, a cooperating con-
tact point swingably mounted on said governor,
contact rings on said governor, brushes cooper-

ating with said contact rings connecting the same P

with the field and armature of said motor, a re-
sistance circuit interposed between ssid contact
rings to add resistance to the field of said motor,
said contact points arranged to open and close

said resistance circuit, and diaphragm means ex- -

posed to pump discharge pressure on one side and
& base pressure on the other side controlling the
radial position of one of said contact points.

6. A pump-and motor unit comprising a casing

defining a diaphragm chamber, a governor cham- ;

ber, a motor chamber, and a pumping chamber
having an inlet and an outlet, a pump impeller in
said pumping chamber between said inlet and
outlet, an electric motor in said motor chamber
driving said pump impeller, a centrifugal gover-
nor in said governor chamber driven by said elec-
tric motor, a diaphragm in said diaphragm cham-
ber dividing the chamber into opposed compart-
ments, means controlled by said diaphragm act-
ing on said governor to control the governor in
accordance with the pressure differential hetween
the two compartments, and means connecting
one of said compartments with the pump outlet.

7. A pump and motor unit comprising an elec-
tric motor, a drive shaft driven by said motor,
a pump impeller driven by said drive shaft, a
disk driven by said drive shaft, a leaf spring
carried by said disk, a contact point on said leaf
spring adapted to swing outwardly under the in-
fluence of centrifugal force, a second contach
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Doifit on said disk; a lever controlling the radial
bosition™ of said” second contact point, a dia-’
bliragm actuating said lever. exposed 6n one:side
to pump discharge pressure, and means con-
trolled: by said contact ‘points to- regulate the
speed of said motor. : ‘ o

8. In a pump and electric motor unit a pump
casing ‘defining a volute' chamber with' a central
inlet ‘and a-peripheral outlet; an impeller in,
said’ volute chamber for pressuring fluids from
the inlet-to:the outlet; an electric motor having
an armature driving said impellér, and o shunt
field“cooperating with said: armatire,  a resist:
ance “circuit  for: strengthéning and weakening
said ' field, swingable' contact “devices ‘that are
centrifugally influenced for controlling said:cirs
cuit; and ' a. -device éxposed to: purnp’ discharge
bressure: on- one side’ and'"air pressure on:the
other side for controlling 'said contact points.’
9.:In'a:plimp unit ‘anelectric. motor having a
field;-a- resistance - circuit in said field, a pump
driven by said motor; a governor driven by ‘said
motor: including - a swingably mounted contact
point adapted to' move outwardly under:the in-

% fluence: of “centrifugal’ force and 4/ 'cooperating

swingably mounted contact point, a spring con-
trolling the position of said cooperating contact
point, and a diaphragm coacting with said spring
exposed to pump discharge pressure on one side
and base pressure on the other side, said contact
points when opened adding said resistance cir~
cuit to the field of the electric motor causing the
motor speed to increase and said contact points
when together removing said resistance circuit
from the field of the electric motor to slow down
the speed of the motor whereby the pump is
driven at speeds to maintain a pressure differen-
tial. above base pressure predetermineg by said
spring. )

10. In a pump system, a centrifugal pump and
a main pump in tandem, a device associated with
said main pump for maintaining a selected pres-
sure differential above base pressure af the outlet
of the main pump, a driver for said centrifugal
bump, and an automatic speed control for said
driver causing the driver to operate the centrif-
ugal pump at speeds producing the same pres-
sure differential as the main pump, ‘

11. In a pump system, a plurality of pumps in
tandem, a device associated with one of said
pumps for maintaining a selected pressure dif-.
ferential above base pressure at the outlet thereof,
a driver for another of said pumps, and an auto-
matic speed control for said driver for causing
the driver to operate said another pump ag speeds
producing the same pressure differential as said
ohe pump. )

12, In a fuel system, an engine driven fuel
pump having a device associated therewith for
maintaining a ‘desired -differential above a se-
lected base pressure at the outlet thereof and a
by-pass therearound, a booster pump, conduit
means connecting the outlet of the booster pump
with the inlet of the fuel pump, a driver for
said booster pump, and means actuated by varia-
tions in said pressure differential to control the
speed of said driver for maintaining the desired
pressure differential at the outlet of the fuel
pump. )

13. In a fuel system adapted for an aircraft
engine including an engine-driven positive dis-
placement main pump having a by-pass means
therearcund, a relief valve associated with said
bump, a diaphragm movable with said relief
valve having one face exposed to pump inlet
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pressure and: the other face exposed to-a: selected
base pressure; a spring urging satd: valve: toward
closed position, to maintain a selected: pressure
differential above the selected base pressure at
the qutlet of the pump; a fuel tank, and a booster
pump receiving fuel from said tank for pressur-
ing-the fuel to the intake of the main fuel pump;
the improvement of an emergency -cenirifugal
type pump having an inlet receiving fuel from
the. ‘booster pump and an outlet. for supplying
fuel to -the intake of the main fuel pump, an
electric motor driving said centrifugal pump, and
automatic means including a. diaphragm having
one- face exposed to the selected. base pressure
and the:other:face exposed to the pressure at:the
" ‘outlet’ of the centrifugal pump for controlling
the speed of the electric. motor to cause the cen-
trifugal pump to pressure fuel at the same pres=
sure- differential produced by the main pump.

- 14, In o fuel system for an airerait. engine.in-
cluding: a fuel tank, a booster: pump having: an
inlet receiving fuel from said tank and an outlet
in- constant communication with said inlet; a
main. fuel pump having an. inlet receiving fuel
from: the outlet. of said booster pump: and. an
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outlet. communicating with the: aircraft engine,
a. by-pass around said-main fuel pump: connect-
ing said inlet and 'said outlet. thereof, a. relief
valve in said main fuel pump, a diaphragm mov-
able with said valve having one. face exposed: to
inlet pressure and the other face exposed to
a selected base pressure; a spring urging said re-
lief valve to' closed -position for maintaining a
selected pressure differential at the outlet of said
pump- above the selected base pressure, an. elec-
tric motor driven centrifugal booster pump hay-
ing .an inlet. communicating with the outlet. of
the first mentioned boostér pump and an outlet
communicating with the inlet. of the main fuel
pump, and a centrifugally actuated electric means
associated with said electric. motor for controlling
the speed of said motor, said means including a
diaphragm.having one face vented to the same
selected base pressure as the diaphragm of the
main fuel pump and the other face vented to
outlet pressure of the centrifugal booster pump
whereby said electric: motor will be driven at a
speed for maintaining a constant pressure differ-
ential at the outlet of the main fuel pump.
RUSSELL R. CURTIS.



