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(57) ABSTRACT

A fueling control system for providing fuel from a vehicle to
an aircraft, and a method of providing fuel from a fuel
vehicle to an aircraft are disclosed herein. The fueling
control system includes a pressure transducer for sensing
back pressure in a fluid path to a fuel tank of an aircraft, and
a digital controller coupled to the pressure transducer for
receiving the back pressure in the fluid path and controlling
fuel flow in the fluid path to the aircraft. The method
includes the steps of sensing back pressure in a fluid path
from the aircraft; receiving the sensed back pressure by a
digital controller; and controlling fuel flow to the aircraft in

the fluid path based on the sensed back pressure.

24 Claims, 5 Drawing Sheets

AN



US RE46,607 E

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2011/0030839 Al1* 2/2011 Lohmann et al. ........ B64F 1/28
141/4

* cited by examiner



U.S. Patent Nov. 14,2017 Sheet 1 of 5 US RE46,607 E

FIG.1




US RE46,607 E

Sheet 2 of 5

Nov. 14,2017

U.S. Patent

101818 1318M
uteig ui

.VM g iolezedss 7 9N

@

||||| Vo

SSEDMBIS amep pealg

¢ Dl

iiiiiii SAUIM JEDHIORNY
saur [sny

SauI (GO Y

-1 MF§§EE
! ny

i
i
I

i

i sbneg oo SBUNT S5USS (BN
T fenuaiagi
w | & BB
8¢

1593 i0djjiN \
g 358) 3odjpN

a autbuy
vz \

WD L 9t
L— joauol uewpeag
S50} 3pig
08 spzzon o Iy
Buimidan
BA{EA 31D
e
x 9¢ o€
€l WV . N ROT WOHO!
1 aubuy | N 1010p3 BAIRA NIBYD pROT Wonoy
PR ¥
\_ G B -
Wd9 00€ _m__A_VM%W L € LS aneA Iy m\‘.M
154 §% o [ & aBnes Y8914 PEOT WIONOY fona ybiy i afieuieiq yuey
2dIH T Y i h,omt
i i
i 44 M_ T T noeawsmae Z ] p
13onpsuRy) v>_m>xumcu\‘_m) § t T 2ABAL00]
Q/&s&.&i R g

0z -

INEA Sleg Yoy

- +———
o —

5 B TR

(oA YBIH
pri uogoadsyy \ 4/

1USA pRr2ud0 Ay Janad ajouuen

|



US RE46,607 E

Sheet 3 of 5

Nov. 14, 2017

U.S. Patent

SARA IO

¢ Dl

MBS M/

A OLS MO [RUllLIS] 337 6S S

god a1seudwiey

(UB3ID MOfjaA MmO1S pue dey) i

]

9
’ - OUMS Ol d
JosuBg uoieIgley PIRIYS punoiy
$1q 12onpsuel]
punoicy -~ ¥20l§ WO 65T
punosg, - ¥30I8 WO 657 #
| 1onpsues|
105URS UIRW PRIYS punosy
\. [ UPHME Oid
0¢

Ll
(
/ fedsig
IOIDRUUC) JORIE 7D JOR3RUNO) K319 1)
T—¢1d-ZD Tid-id T T -
-~} 1d-23 tid~i3 W W, w.n ‘m..
042D OLd-12 W‘El.l
6d-C. 61—t et
T84 8d-1D A
242D Ld-1D ~ 9
Q2D xog Ay  9d-1D v
Sd-2D §d-13 10133ULDT) LR YseQ
“TfdTI Yd-1D 1
£d-2) £d-17 C 1 L
(Z3al 2drLy WIS OLd WOk Jamag
4TI j Ld-12 7 punoig
NNK —
09




U.S. Patent Nov. 14,2017 Sheet 4 of 5 US RE46,607 E

A P (psi)

Back P (psi)

FIG. 4



US RE46,607 E

Sheet 5 of 5

Nov. 14, 2017

U.S. Patent

SOl

anuuo)

9L

isd oy

= SIUI04 19§
2INS53id Z \ umzmwu{
SL VL
3 5
lgonpsuel)
le [on4 Jo (WdD) auibuz jo
aInssaid yoey 818y MO v/ {INdH) peads /
suwILIBg [OJIUOD B 195 joU0D B 138
174 <L : L4
laanpsuel) woi mM




US RE46,607 E

1
SYSTEM AND METHOD FOR DELIVERING
FUEL TO AN AIRCRAFT FROM A VEHICLE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This is a Reissue Application of U.S. Pat. No. 8,708,004,
issued Apr. 29, 2014.

This patent application claims priority to U.S. patent
application Ser. No. 61/242.,435, filed Sep. 15, 2009, which
is incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

The invention relates to a fuel vehicle that is equipped
with a system for delivering fuel to an aircraft, and a method
for delivering fuel to an aircraft.

BACKGROUND OF THE INVENTION

The invention relates to a fuel vehicle that is equipped
with a system for delivering fuel to an aircraft, and a method
for delivering fuel to an aircraft. U.S. Pat. Nos. 6,082,392,
6,324,840 and 7,327,045 to Watkins are incorporated herein
by reference in their entirety.

SUMMARY OF THE INVENTION

A fueling control system for providing fuel from a vehicle
to an aircraft, and a method of providing fuel from a fuel
vehicle to an aircraft are disclosed herein. The fueling
control system includes a pressure transducer for sensing
back pressure in a fluid path to a fuel tank of an aircraft, and
a digital controller coupled to the pressure transducer for
receiving the back pressure in the fluid path and controlling
fuel flow in the fluid path to the aircraft. The method
includes the steps of sensing back pressure in a fluid path
from the aircraft; receiving the sensed back pressure by a
digital controller; and controlling fuel flow to the aircraft in
the fluid path based on the sensed back pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary as well as the following detailed
description of preferred embodiments of the invention, will
be better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the
invention, there is shown in the drawings embodiments
which are presently preferred. It should be understood,
however, that the invention is not limited to the precise
arrangements and instrumentalities shown.

In the drawings:

FIG. 1 depicts a schematic illustration of a fuel vehicle
having a hose connected to an aircraft to deliver fuel to the
aircraft.

FIG. 2 depicts a schematic illustration of a bulk fuel
delivery system according to an exemplary embodiment of
the invention.
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FIG. 3 depicts a schematic illustration of a control system
for the bulk fuel delivery system of FIG. 2.

FIG. 4 is a plot of a drop in pressure across a system
versus the back pressure sensed at a nozzle fueling an
aircraft, in accordance with an embodiment of the present
invention.

FIG. 5 is a flow diagram showing an exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the figures, identical item numbers in different figures
refer to identical components.

Referring to the drawings, FIG. 1 shows a vehicle 6
having a fuel tank 2 and a bulk fuel delivery system 8. A
hose 12 that is fluidly connected to the delivery system 8 is
connected to the aircraft 14 for refueling purposes. Fuel
flows from the fuel tank 2 into the bulk fuel delivery system
8 of the fuel vehicle 6 and through the hose 12 for fueling
the aircraft 14. Details of the bulk fuel delivery system are
described in greater detail with reference to FIGS. 2-3.

FIG. 2 depicts a schematic illustration of a bulk fuel
delivery system 8 of the vehicle of FIG. 1 according to a first
exemplary embodiment of the invention. The bulk fuel
delivery system 8 includes a fuel tank 2 for storing fuel that
is fluidly connected to a pump 24 by a fluid line 30. Fuel is
distributed through the fluid line 30 by the pump 24. The
pump 24 is driven by the vehicle engine 26 by way of a
power take-off (PTO) shaft 28, such that power is transferred
from the engine 26 of the vehicle to the pump 24. PTO shafts
are well-known in the art.

A butterfly valve 32 is connected to fluid line 30 down-
stream of pump 24 for either permitting or preventing
passage of fuel through fluid line 30. The butterfly valve 32
is movable between a fully-open position and a fully-closed
position. The butterfly valve 32 is controlled by a deadman
control (not shown). The deadman control is connected to a
pressurized air source. A pilot valve (not shown) is con-
nected between the deadman control and the pressurized air
source to control flow of air to the deadman control.

When the pilot valve is maintained in an open position, air
is supplied to the deadman control. Upon actuating the
deadman control, air is delivered to the pilot valve, thereby
opening butterfly valve 32 to permit flow of fuel through
valve 32. Alternatively, when the pilot valve is closed, air is
not supplied to the deadman control and air is not delivered
to valve 32 even if the operator of system 8 actuates the
deadman control.

A fuel filter/separator 34 is connected to fluid line 30 for
filtering the fuel and removing contaminant particles from
the fuel. A check valve 36 and a globe valve 38, also referred
to as a fuel-defuel valve 38, is fluidly coupled to fluid line
30 downstream of the fuel filter/separator 34. In a ‘fuel’
mode of the fuel-defuel valve 38, fuel is transferred from the
fuel tank 2 of the vehicle to the aircraft. In operation fuel that
is introduced into port 38a of four-way valve 38 is delivered
through port 38b of the valve 38, through hoses 12 and/or
13, to the aircraft.

In a ‘defuel’ mode of the fuel-defuel valve 38, fuel is
transferred from the aircraft to the fuel tank 2 of the vehicle.
In operation, fuel is distributed through port 38a through
port 38c of valve 38 and through eductor 50. The flow of fuel
through eductor 50 creates suction at port 38d, resulting in
the siphoning of fuel from the aircraft through hose 12,
through port 38b, through port 38d of valve 38, through
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return fluid line 31, to fuel tank 2. General operation of
eductor 50 and fuel-defuel valve 38 are known to those
skilled in the art.

A fuel meter 40 is fluidly coupled to fluid line 30
downstream of valve 38. The fuel meter 40 includes a visible
counter 42 that indicates the amount of fuel that flows
through fuel meter 40. The counter 42 also converts the flow
rate of fuel through the fuel meter 40 into an electrical
signal, which is transmitted to a digital controller 22.

A pressure transducer 20 is fluidly coupled to fluid line 30
downstream of meter 40. The pressure transducer 20 con-
verts fuel pressure from the aircraft (back pressure) into an
electrical signal. The pressure transducer 20 communicates
with the digital controller 22.

The digital controller 22 processes the fuel back pressure
and the flow rate signals transmitted from pressure trans-
ducer 20 and the counter 42, respectively, to adjust speed of
engine 26, as described below. Further details of digital
controller 22 are described with reference to FIG. 3. A digital
pressure display 27 communicates with digital controller 22
to display fuel pressure to an operator of bulk fuel delivery
system 8.

Ahose 12 and its associated gate valve are fluidly coupled
to fluid line 30. A nozzle at the end of hose 12 may be
connected to an aircraft (or other vehicle) to zo deliver fuel
to a tank within the aircraft (not shown). The nozzle of hose
12 includes a hose end pressure controller (HEPC) config-
ured to deliver fuel at a maximum pressure of 45 PSI. If the
fuel pressure exceeds 45 PSI, the HEPC is configured to
close a valve 41 in the nozzle to prevent the passage of fuel
through the nozzle. The HEPC is an optional component of
hose 12, and may be omitted without departing from the
scope or spirit of the invention. A second hose 13 and its
associated gate valve are also fluidly coupled to fluid line 30.
A nozzle at the end of the hose 13 may be connected to an
aircraft (or other vehicle) to deliver fuel to another tank
within the aircraft (not shown).

FIG. 3 depicts a schematic illustration of a control system
60 for bulk fuel delivery system 8 of FIG. 2. The control
system 60 generally includes digital controller 22. The
digital controller 22 communicates with pressure transducer
20, digital pressure display 27, a calibration sensor 62, and
an ECU (engine control unit) connector 64. The digital
controller 22 may communicate on a SAE J1939 datalink.
The pressure transducer 20 senses the fuel back pressure and
transmits corresponding electrical signals to digital control-
ler 22. The counter 42 senses the flow rate of the fuel and
transmits corresponding electrical signals to digital control-
ler 22. The digital pressure display 27 displays calibrated
pressure from pressure transducer 20. The calibration sensor
62 is mounted within the nozzle attached to hose 12 and is
used only during limited calibration to determine the pres-
sure drop across hose 12. The calibration sensor 62 com-
municates with digital controller 22. The connector 64 taps
into the engine control unit (ECU) of the vehicle and
provides a stream of data to digital controller 22.

The digital controller 22 also communicates with the pilot
valve (pin P9 of controller 22) which is connected to the
deadman control. The controller 22 transmits a signal to the
pilot valve that either opens the pilot valve or closes the pilot
valve. When the pilot valve is open, air is supplied to the
deadman control. Upon actuating the deadman control by an
operator, if the pilot valve is open, air is delivered to the
valve, thereby opening butterfly valve 32 to permit flow of
fuel through the valve 32 toward hoses 12 and 13. Alterna-
tively, when the pilot valve is closed, air is not supplied to
the deadman control.
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The calibration sensor 62 is a pressure transducer that is
mounted in the nozzle attached to hose 12 for initial cali-
bration of system 8. The calibration sensor 62 is used to
characterize the pressure loss of system 8 due to the length
ot hose 12 for various fuel flow rates through the hose. The
calibration sensor 62 is removed from system 8 after the
system is characterized.

In operation, calibration sensor 62 may be used to deter-
mine the drop in pressure across system 8 as follows: the
nozzle is inserted in a tank of the aircraft. The engine of the
truck is operated so that pump 24 delivers 100 gallons per
minute (for example) to the nozzle. Calibration sensor 62
measures the back pressure from the aircraft fuel tank at the
nozzle and pressure transducer 20 measures the back pres-
sure at the other end of hose 41. The difference between the
calibration sensor measurement and the pressure transducer
measurement provides the AP drop (PSI) that is due to
system 8. Similarly, the engine may be turned on to deliver
a higher speed, so that pump 24 provides 200 gallons per
minute (for example) to the nozzle at the aircraft fuel tank.
Again, calibration sensor 62 measures the pressure at one
end of hose 41, while pressure transducer 20 measures the
pressure at the other end of hose 41. The difference between
these two readings provides a drop of pressure (AP) due to
system 8, when the system is delivering 200 gallons per
minute (for example). Similarly, the speed of the engine may
be increased, so that pump 24 delivers 300 gallons per
minute (for example) at the nozzle attached to the aircraft.
Again, calibration sensor 62 and pressure transducer 20
measures the pressure at each respective end of hose 41. The
difference between the two pressure measurements provides
the pressure drop (AP) for system 8, when the pump is
delivering 300 gallons per minute (for example).

FIG. 4 shows an exemplary plot of the drop in system
pressure (AP) for system 8 versus the back pressure (for
example the back pressure measured by calibration sensor
62, or the back pressure measured by pressure transducer
20). It will be appreciated that a calibration curve, such as
that shown in FIG. 4, may be provided for every nozzle that
is attached to the aircraft. For example, the HEPC nozzle
may provide one curve, while additional HEPC nozzles may
provide a different curve. Each curve is stored in digital
controller 22, so that the digital controller may set and
control the speed of the engine and may control the flow rate
of the fuel as desired by the operator.

The digital controller 22 communicates with the ECU of
the vehicle, via connector 64 (pins P3 and P4 of controller
22), and is informed of the speed (for example RPM) of the
engine. The digital controller sets the speed of the engine, as
further described below.

The control system 60 of bulk fuel delivery system 8 is
configured to regulate the back fuel pressure from the nozzle
of hose 12 so that it does not to exceed 40 PSI. Specifically,
controller 22 is programmed to set fuel pressure, fuel flow
rate and engine speed (for example RPM) using three
proportional integral derivative (PID) loops. The PID loops
maintain fuel pressure, fuel flow rate and engine speed at
desired values. Each PID loop corrects any deviation
between a measured process variable and a desired setpoint
by determining the deviation and providing a corrective
action to adjust the process. A PID control algorithm may
include three separate parameters, namely, a proportional, an
integral and a derivative. The proportional parameter deter-
mines the reaction to a current error; the integral determines
the reaction based on a sum of recent errors, and the
derivative determines the reaction to the rate at which the
error is changing. The weighted sum of these three actions
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may be outputted to a control element to correct the devia-
tion between the measured process variable and the desired
set point. According to an embodiment of the invention, the
control element is the vehicle’s engine. The PID loops adjust
the speed of the vehicle’s engine to maintain fuel pressure,
fuel flow rate and engine speed at desired set points. If the
controller 22 fails, the HEPC of hose 12 is configured to
close valve 41 in the nozzle to prevent passage of fuel
through the nozzle when the fuel pressure reaches 45 PSI. As
stated previously, the HEPC is an optional component of
hose 12 and may be omitted.

Referring to FIG. 5, there is shown an exemplary method
of the present invention, generally designated as 70. Method
70 includes three PID loops shown as steps 71, 72 and 73.
Step 71 represents a PID loop executed by digital controller
22 for setting and controlling the speed (RPM) of the engine.
Step 72 represents a PID loop executed by digital controller
22 for setting and controlling the flow rate of fuel delivered
to the aircraft (GPM, for example). Step 73 depicts the
beginning of the third PID loop. As shown, step 73 receives
the back pressure from transducer 20 and determines the
back pressure at the nozzle. The curve, as shown in FIG. 4,
may be used to determine the drop of pressure (AP) between
the nozzle and pressure transducer 20, so that the actual
pressure at the nozzle may be obtained.

So long as the engine RPM delivers maximum desired
flow rate (for example 300 GPM) and the back pressure at
the nozzle is less than 40 PSI (for example), as determined
by decision block 75, the system continues, by way of step
76, back to PID loops 71, 72 and 73. If, on the other hand,
decision block 75 determines that the pressure is approach-
ing 40 PSI, then steps 72 and 74 are entered to set and
control the flow rate of fuel so that the set points into PID
loop 71 and PID loop 72 may be adjusted. The adjustment
may be provided to lower the speed of the engine, so that the
flow rate of fuel to the aircraft fuel tank is reduced and the
back pressure at the nozzle does not exceed 40 PSI.

According to one exemplary use of the invention, an
operator activates a power take off (PTO) switch in the cabin
of the refueling vehicle. The PTO switch transmits a digital
input to the transmission of the refueling vehicle to turn on
PTO 28. If all engine speed conditions are satisfied, PTO 28
is turned on. The operator deposits a fueling ticket in the
ticket printer and then exits the cabin of the vehicle. The
operator places the meter register in the RUN position which
engages a pilot valve to allow air to flow to a deadman
handle. The operator then selects the nozzle of hose 12. After
the nozzle is connected to the aircraft, the operator squeezes
the deadman handle. Squeezing the deadman handle sends
air to a switch. The switch sends a digital input to controller
22 to start the pumping function, while controller 22 limits
engine RPM to 1300 (for example) and flow rate to 300
GPM (for example), or any other values. The controller 22
also transmits a signal to open butterfly valve 32.

As the nozzle back pressure reaches 40 PSI, (or any other
desired pressure value), the controller reduces engine RPM
so that the 40 PSI nozzle back pressure is not exceeded. At
this stage of the process, the flow rate does not exceed 300
PSI. Releasing the deadman handle returns the engine back
to idle and removes the output to butterfly valve 32 thereby
allowing flow control butterfly 32 to close under spring
pressure.

According to another exemplary use of the invention, an
operator activates a power take off (PTO) switch in the cabin
of the refueling vehicle. The operator places the transmis-
sion of the vehicle in drive and the pump begins to turn. The
operator deposits a fueling ticket in the ticket printer and
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then exits the cabin of the vehicle. The operator places the
meter register in the RUN position which engages the pilot
valve to allow air to flow to a deadman handle. The operator
selects the nozzle of hose 12. After the nozzle is connected
to the aircraft, the operator squeezes the deadman handle.
Squeezing the deadman handle sends air to a switch. The
switch transmits a digital input to controller 22 to initiate the
pumping function limiting engine speed to 1530 RPM (for
example) and flow rate to 800 GPM (for example). When the
deadman signal reaches controller 22, the controller trans-
mits a signal to open butterfly valve 32. Once the nozzle
back pressure reaches 40 PSI, the PID loop pressure causes
controller 22 to reduce the engine speed so that the 40 PSI
nozzle back pressure is not exceeded. At this stage of the
process, the flow rate is unable to exceed 800 GPM (for
example). Releasing the deadman handle brings the engine
back to idle, and removes the output to butterfly valve 32
thereby allowing butterfly valve 32 to close under spring
pressure. If a second single point nozzle is selected, the
nozzle switch selects an alternate pressure curve to com-
pensate for its pressure loss during fueling. If a set of nozzles
are selected (2 deck or 2 side nozzles, for example), con-
troller 22 uses the pressure curve for the combined set of
nozzles and compensates for the pressure loss in the system.

What is claimed:

1. A fueling control system for providing fuel from a
vehicle to an aircraft comprising:

a pressure transducer for sensing back pressure in a fluid

path to a fuel tank of an aircraft, and
a digital controller coupled to the pressure transducer for
receiving the back pressure in the fluid path and con-
trolling fuel flow in the fluid path to the aircraft,

wherein the digital controller is coupled to a pump in the
vehicle for controlling speed of the pump for pumping
the fuel in the fluid path, and

the digital controller includes at least two relationships

between the back pressure in the fluid path and the flow
rate of the fuel in the fluid path stored in a memory
device;

wherein one relationship sets a first speed of the pump to

control pumping of the fuel at a first rate, and

a second relationship sets a second speed of the pump to

control pumping of the fuel at a second rate; and

the first and second rates are dependent on the sensed [first

and second back pressures] back pressure in the fluid
path, respectively.

2. The system of claim 1 including an engine coupled
between the pump and the digital controller, wherein the
digital controller is configured to control speed of the
engine.

3. The system of claim 1 including a valve coupled
between the pump and the fluid path for activating flow of
fuel from the fuel tank of the vehicle to the fluid path,
wherein the digital controller controls activation of the
valve.

4. The system of claim 1 wherein the digital controller is
configured to control (a) the back pressure in the fluid path
and (b) the flow rate of the fuel in the fluid path.

5. The system of claim 1 wherein the relationship is based
on a type of nozzle used for fueling the aircratft.

6. The system of claim 1 including a fuel tank of an
aircraft, and

wherein the relationship includes a plot of (a) pressure

drop between the fuel tank of the aircraft and the fluid
path versus (b) a flow rate of the fuel.
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7. The system of claim 1 wherein the digital controller
communicates with an engine of the vehicle by way of a
digital data bus.

8. A method of providing fuel from a fuel vehicle to an
aircraft comprising the steps of:

(a) sensing back pressure in a fluid path from the aircraft;

(b) receiving the sensed back pressure by a digital con-

troller; and

(c) controlling fuel flow to the aircraft in the fluid path

based on the sensed back pressure;

wherein step (¢) includes controlling the rate of flow

based on data depicting (i) pressure drop between the
aircraft and a pressure sensor and (ii) a flow rate of the
fuel, and

said data includes first and second pressure drops corre-

spond to first and second flow rates, wherein the first
and second flow rates are different from each other.

9. The method of claim 8 wherein

step (c) includes controlling fuel flow by the digital

controller.

10. The method of claim 8 wherein

step (¢) includes controlling rate of flow of the fuel by the

digital controller.

11. The method of claim 10 wherein step (c) includes
activating a valve coupled to the fluid path by the digital
controller.

12. The method of claim 10 wherein step (c¢) includes
controlling the rate of flow based on a type of nozzle used
to fuel the aircraft.

13. A fueling control system for providing fuel from a
vehicle to an aircraft comprising:

a pump configured to generate a flow of fuel from the

vehicle to the aircraft via a fluid path;

an engine of the vehicle configured to drive the pump to

generate the flow of fuel, the engine controllable to run
at different engine speeds;

a pressure transducer configured to sense back pressure

in the fluid path; and

a digital controller configured to receive data represent-

ing the back pressure from the pressuve transducer, the
digital controller configured to control the speed of the
engine to adjust a rate of the flow of fuel generated by
the pump based on the data representing the back
pressure,

wherein the digital controller controls the speed of the

engine based on a first relationship between the data
representing the back pressure and the speed of the
engine, and the digital controller controls the speed of
the engine based on a second relationship between the
rate of the flow of fuel generated by the pump and the
speed of the engine.

14. The fueling control system of claim 13, further com-
prising a fuel meter configured to detect the rate of the flow
of fuel in the fluid path,

wherein the digital controller is configured to receive data

representing the flow rate from the fuel meter.

15. The fueling control system of claim 13, wherein the
fuid path includes a nozzle at the aircraft,

the digital controller is configured to determine a pressure

at the nozzle based on the data representing the back
pressure sensed by the pressure transducer, and

the digital controller is configured to control the speed of

the engine based on the pressure at the nozzle deter-
mined by the digital controller.

10

15

20

25

30

35

40

45

50

55

60

65

8

16. The fueling control system of claim 13 wherein the
digital controller is configured to maintain the speed of the
engine below a predetermined engine revolutions per minute
(RPM) limit.

17. A method for providing fuel from a vehicle having an
engine to an aircraft comprising the steps of:

driving a pump to generate a flow of fuel from the vehicle
to the aircrafi via a fluid path with the engine of the
vehicle;

sensing back pressure in the fluid path;

controlling a speed of the engine to adjust a rate of the

flow of fuel generated by the pump based on a first
relationship between the back pressure and the speed of
the engine: and

controlling the speed of the engine to adjust the rate of the

flow of fuel generated by the pump based on a second
relationship between the rate of the flow of fuel gen-
erated by the pump and the speed of the engine.

18. The method of claim 17, further comprising:

detecting the rate of the flow of fuel in the fluid path with
a fuel meter.

19. The method of claim 17, further comprising: deter-
mining a pressure at a nozzle of the fluid path based on the
back pressure; and controlling the speed of the engine based
on the pressure at the nozzle.

20. A vehicle for providing fuel to an aircraft comprising:

a fuel tank configured to store the fuel;

a pump configured to generate a flow of fuel from the fuel
tank of the vehicle to the aircraft via a fluid path;

an engine configured to drive the pump to generate the

fow of fuel, the engine controllable to run at different
engine speeds;

a fuel meter configured to detect a rate of the flow of fuel
in the fluid path;

a pressure transducer configured to sense back pressure
in the fluid path;

a digital controller configured to store data representative

of a pressure drop between the pressure transducer and
a nozzle of the fluid path, the digital controller config-
ured to (i) receive data representing the back pressure
from the pressure transducer and data representing the
flow rate from the fuel meter, (ii) determine a pressure
at the nozzle based on the stoved data and at least one
of the data representing the back pressure and the data
representing the flow rate, (iii) control a speed of the
engine to adjust a rate of the flow of fuel generated by
the pump to prevent the pressure at the nozzle from
exceeding a predetermined nozzle pressure limit: (iv)
control the speed of the engine based on a first rela-
tionship between the data representing the back pres-
sure and the speed of the engine: and (v) control the
speed of the engine based on a second relationship
between the rate of the flow of fuel generated by the
pump and the speed of the engine.

21. The vehicle of claim 20, wherein the digital controller
is further configured to control the speed of the engine to
prevent the rate of the flow of fuel from exceeding a
predetermined flow rate limit, and maintain the speed of the
engine below a predetermined engine revolutions per minute
(RPM) limit.

22. The vehicle of claim 20, further comprising:

a valve provided in the fluid path downstream of the pump,
the valve configured to permit or prevent the flow of fuel
through the fluid path;

a control coupled to the valve, the control configured to
enable an operator of the vehicle to operate the valve.
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23. A fueling control system for providing fuel from a fuel
source to an aircraft comprising:
a pump configured to generate a flow of fuel from the fuel
source to the aircraft via a fluid path;
an engine configured to drive the pump to generate the 5
fow of fuel, the engine controllable to run at different
engine speeds;
a pressure transducer configured to sense back pressure
in the fluid path; and
a digital controller configured to receive data represent- 10
ing the back pressure from the pressuve transducer, the
digital controller configured to control the speed of the
engine to adjust a rate of the flow of fuel generated by
the pump based on the data representing the back
pressure, 15
wherein the digital controller controls the speed of the
engine based on a first relationship between the data
representing the back pressure and the speed of the
engine, and the digital controller controls the speed of
the engine based on a second relationship between the 20
rate of the flow of fuel generated by the pump and the
speed of the engine.
24. The fueling control system of claim 23, wherein the
fuel source is a fuel tank of a vehicle and the engine is an
engine of the vehicle. 25
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