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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 . 

( 56 ) References Cited 
U . S . PATENT DOCUMENTS 

3 , 786 , 869 A * 
5 , 029 , 758 A * 

1 / 1974 McLoughlin . . . . . . . . A62C 25 / 005 
169 / 24 

7 / 1991 Chayer . . . . . . . . . . . . . . . . . . . . . A47L 1 / 02 
239 / 172 24 Claims , 5 Drawing Sheets 

03 KTU ote B AT Botao 



US RE46 , 607 E 
Page 2 

( 56 ) References Cited 
U . S . PATENT DOCUMENTS 

2011 / 0030839 A1 * 2 / 2011 Lohmann et al . . . . . . . . . B64F 1 / 28 
1414 

* cited by examiner 



T 

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

75 

Om okyo 00 

OTO 

FIG . 1 

0020 



8 

Air Operated Vent 

8 

Manhole Cover 

U . S . Patent 

- 42 

Mechanical Counter 

Gate Valve 

Inspection Lid 

- - 4 

20 

High Level Shut Off 

40 

H 

12 

Neter 

We 

- weten op 

* 

Foot Valve 

Check Valve 

Air Eliminator Line 

Pressure Transducer 22 

1 

* * * 

it 

within 

with 

W 

www 

www 

. 

i 

te 

wings 

- 

( 1 ) 50 Side Hose 

to 

Tank Drainage 

Bottom Load Precheck Gauge 

High Level Precheck Valve 

HEPC 45 psi 

- - - - som 

- - - - O 

51 

31 

50 

Digital Pressure Display 

Digital Controller 

300 GPM 

with 

the 

own 

the 

man soms moet 
w 

Nozzle 

- 

9 

Nov . 14 , 2017 

- 

7 

- 

Eductor 

Bottom Load 

Check Valve 
AN 

o 

ho auctor 

! 

Engine 1 

N 

ou 

H - 13 

m 38b 

38d 

ouers en mense se 380 39 Defuel 

Gate Valve 

A 38 

yu 

Fuel Defuel Valve 

mere om com a 

7 

Nozzle 

Air From 
Deadman Control 

Overwing ( ( 1 ) 60 " 

38 

Side Hose 

Z 

Check Valve 

- 

75 GPM 

Sheet 2 of 5 

Bleed Valve Sight Glass ! 

Pump 

Engine 

Test Millpore Test 

Air eliminator Airbergen 
Millpore Test 

Filter / Separator 

34 

Filter Filter Differential Gauge 

1 

Sump Drain 

e 

n 

to 

Water Detector 

Fuel Sense Lines Air Control Lines Fuel Lines Electrical Wires 

FIG . 2 

US RE46 , 607 E 



20 

2 

atent 

- C1 - P1 

PTO Switch 
Ground Shield 

C2 - P1 

Main Sensor 

Ground 
Power From PTO Switch 

- C1 - P2 

C2 - P2 

Transducer blk hom 
- - - 249 Ohm Block 
- 249 Ohm Block - 

Ground - - Ground 

Dash Can Connector 

C1 - P3 

C2 - P3 

www C1 - P4 

( 2 . 94 

- C1 - P5 

C2 - PS4 

C1 - P6 Grey Box CZ - Powe 

C1 - P7 

C2 - P7 - 

C1 - P8 

C2 - P & 

C1 - P9 

C2 - P . 

C1 - P10 

C2 - P10 – – 

- C1 - P11 

C2 - P11 

LC1 - P12 

C2 - P12 

C1 Grey Connector C2 Black Connector 

Transducer bik Ground Shield man . . Calibration Sensor 
PTO Switch 

Nov . 14 , 2017 

Pilot Valve 

62 

Pin 1 

Pin 2 
Pin 3 

Pin 

Display 

Sheet 3 of 5 

27 

YG ( Cap and stow Yellow Green ) Rampmaster PCB EFS SS Left Terminal 10W S10 W 

HU / W 59W 

FIG . 3 

US RE46 , 607 E 



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

A P ( psi ) 

Back P ( psi ) 

FIG . 4 



From Transducer 

U . S . Patent 

EZ 

Set & Control 
Speed ( RPM ) of Engine 

Set & Control Flow Rate ( GPNMI ) of Fuel 

Determine Back Pressure at Transducer 

Nov . 14 , 2017 U . S . Patent com 17 Stations 

Adjust Set Points 

Pressure < / 40 psi 

Sheet 5 of 5 

Continue 

FIG . 5 

US RE46 . 607 E IS RE601 



US RE46 , 607 E 

SYSTEM AND METHOD FOR DELIVERING FIG . 3 depicts a schematic illustration of a control system 
FUEL TO AN AIRCRAFT FROM A VEHICLE 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 Matter enclosed in heavy brackets [ ] appears in the 5 . e 5 aircraft , in accordance with an embodiment of the present original patent but forms no part of this reissue specifica invention . tion ; matter printed in italics indicates the additions FIG . 5 is a flow diagram showing an exemplary embodi made by reissue ; a claim printed with strikethrough ment of the present invention . indicates that the claim was canceled , disclaimed , or held 

invalid by a prior post - patent action or proceeding . 10 DETAILED DESCRIPTION OF THE 
INVENTION 

CROSS - REFERENCE TO RELATED 
APPLICATION In the figures , identical item numbers in different figures 

refer to identical components . This is a Reissue Application of U . S . Pat . No . 8 , 708 , 004 , 15 Referring to the drawings , FIG . 1 shows a vehicle 6 
issued Apr . 29 , 2014 . having a fuel tank 2 and a bulk fuel delivery system 8 . A 

This patent application claims priority to U . S . patent hose 12 that is fluidly connected to the delivery system 8 is 
application Ser . No . 61 / 242 , 435 , filed Sep . 15 , 2009 , which connected to the aircraft 14 for refueling purposes . Fuel 
is incorporated by reference herein in its entirety . 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 FIELD OF THE INVENTION the aircraft 14 . Details of the bulk fuel delivery system are 
described in greater detail with reference to FIGS . 2 - 3 . The invention relates to a fuel vehicle that is equipped FIG . 2 depicts a schematic illustration of a bulk fuel with a system for delivering fuel to an aircraft , and a methods delivery system 8 of the vehicle of FIG . 1 according to a first 

for delivering fuel to an aircraft . exemplary embodiment of the invention . The bulk fuel 
delivery system 8 includes a fuel tank 2 for storing fuel that BACKGROUND OF THE INVENTION 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 

The invention relates to a fuel vehicle that is equipped 3 cle that is equipped 30 pump 24 is driven by the vehicle engine 26 by way of a with a system for delivering fuel to an aircraft , and a method power take - off ( PTO ) shaft 28 , such that power is transferred 
for delivering fuel to an aircraft . U . S . Pat . Nos . 6 , 082 , 392 , from the engine 26 of the vehicle to the pump 24 . PTO shafts 
6 , 324 , 840 and 7 , 327 , 045 to Watkins are incorporated herein are well - known in the art . 
by reference in their entirety . A butterfly valve 32 is connected to fluid line 30 down 

35 stream of pump 24 for either permitting or preventing 
SUMMARY OF THE INVENTION passage of fuel through fluid line 30 . The butterfly valve 32 

is movable between a fully - open position and a fully - closed 
A fueling control system for providing fuel from a vehicle position . The butterfly valve 32 is controlled by a deadman 

to an aircraft , and a method of providing fuel from a fuel control ( not shown ) . The deadman control is connected to a 
vehicle to an aircraft are disclosed herein . The fueling 40 pressurized air source . A pilot valve ( not shown ) is con 
control system includes a pressure transducer for sensing nected between the deadman control and the pressurized air 
back pressure in a fluid path to a fuel tank of an aircraft , and source to control flow of air to the deadman control . 
a digital controller coupled to the pressure transducer for When the pilot valve is maintained in an open position , air 
receiving the back pressure in the fluid path and controlling is supplied to the deadman control . Upon actuating the 
fuel flow in the fluid path to the aircraft . The method 45 deadman control , air is delivered to the pilot valve , thereby 
includes the steps of sensing back pressure in a fluid path opening butterfly valve 32 to permit flow of fuel through 
from the aircraft ; receiving the sensed back pressure by a valve 32 . Alternatively , when the pilot valve is closed , air is 
digital controller ; and controlling fuel flow to the aircraft in not supplied to the deadman control and air is not delivered 
the fluid path based on the sensed back pressure . to valve 32 even if the operator of system 8 actuates the 

50 deadman control . 
BRIEF DESCRIPTION OF THE DRAWINGS A fuel filter / separator 34 is connected to fluid line 30 for 

filtering the fuel and removing contaminant particles from 
The foregoing summary as well as the following detailed the fuel . A check valve 36 and a globe valve 38 , also referred 

description of preferred embodiments of the invention , will to as a fuel - defuel valve 38 , is fluidly coupled to fluid line 
be better understood when read in conjunction with the 55 30 downstream of the fuel filter / separator 34 . In a ' fuel ' 
appended drawings . For the purpose of illustrating the mode of the fuel - defuel valve 38 , fuel is transferred from the 
invention , there is shown in the drawings embodiments fuel tank 2 of the vehicle to the aircraft . In operation fuel that 
which are presently preferred . It should be understood , is introduced into port 38a of four - way valve 38 is delivered 
however , that the invention is not limited to the precise through port 38b of the valve 38 , through hoses 12 and / or 
arrangements and instrumentalities shown . 60 13 , to the aircraft . 

In the drawings : In a ' defuel mode of the fuel - defuel valve 38 , fuel is 
FIG . 1 depicts a schematic illustration of a fuel vehicle transferred from the aircraft to the fuel tank 2 of the vehicle . 

having a hose connected to an aircraft to deliver fuel to the In operation , fuel is distributed through port 38a through 
aircraft . port 38c of valve 38 and through eductor 50 . The flow of fuel 

FIG . 2 depicts a schematic illustration of a bulk fuel 65 through eductor 50 creates suction at port 38d , resulting in 
delivery system according to an exemplary embodiment of the siphoning of fuel from the aircraft through hose 12 , 
the invention . 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 The calibration sensor 62 is a pressure transducer that is 
eductor 50 and fuel - defuel valve 38 are known to those mounted in the nozzle attached to hose 12 for initial cali 
skilled in the art . bration of system 8 . The calibration sensor 62 is used to 

A fuel meter 40 is fluidly coupled to fluid line 30 characterize the pressure loss of system 8 due to the length 
downstream of valve 38 . The fuel meter 40 includes a visible 5 of hose 12 for various fuel flow rates through the hose . The 
counter 42 that indicates the amount of fuel that flows calibration sensor 62 is removed from system 8 after the 
through fuel meter 40 . The counter 42 also converts the flow system is characterized . 
rate of fuel through the fuel meter 40 into an electrical In operation , calibration sensor 62 may be used to deter 
signal , which is transmitted to a digital controller 22 . mine the drop in pressure across system 8 as follows : the 

A pressure transducer 20 is fluidly coupled to fluid line 30 10 nozzle is inserted in a tank of the aircraft . The engine of the 
downstream of meter 40 . The pressure transducer 20 con - truck is operated so that pump 24 delivers 100 gallons per 
verts fuel pressure from the aircraft ( back pressure ) into an minute ( for example ) to the nozzle . Calibration sensor 62 
electrical signal . The pressure transducer 20 communicates measures the back pressure from the aircraft fuel tank at the 
with the digital controller 22 . nozzle and pressure transducer 20 measures the back pres 

The digital controller 22 processes the fuel back pressure 15 sure at the other end of hose 41 . The difference between the 
and the flow rate signals transmitted from pressure trans - calibration sensor measurement and the pressure transducer 
ducer 20 and the counter 42 , respectively , to adjust speed of measurement provides the AP drop ( PSI ) that is due to 
engine 26 , as described below . Further details of digital system 8 . Similarly , the engine may be turned on to deliver 
controller 22 are described with reference to FIG . 3 . A digital a higher speed , so that pump 24 provides 200 gallons per 
pressure display 27 communicates with digital controller 22 20 minute ( for example ) to the nozzle at the aircraft fuel tank . 
to display fuel pressure to an operator of bulk fuel delivery Again , calibration sensor 62 measures the pressure at one 
system 8 . end of hose 41 , while pressure transducer 20 measures the 
Ahose 12 and its associated gate valve are fluidly coupled pressure at the other end of hose 41 . The difference between 

to fluid line 30 . A nozzle at the end of hose 12 may be these two readings provides a drop of pressure ( AP ) due to 
connected to an aircraft ( or other vehicle ) to zo deliver fuel 25 system 8 , when the system is delivering 200 gallons per 
to a tank within the aircraft ( not shown ) . The nozzle of hose minute ( for example ) . Similarly , the speed of the engine may 
12 includes a hose end pressure controller ( HEPC ) config - be increased , so that pump 24 delivers 300 gallons per 
ured to deliver fuel at a maximum pressure of 45 PSI . If the minute ( for example ) at the nozzle attached to the aircraft . 
fuel pressure exceeds 45 PSI , the HEPC is configured to Again , calibration sensor 62 and pressure transducer 20 
close a valve 41 in the nozzle to prevent the passage of fuel 30 measures the pressure at each respective end of hose 41 . The 
through the nozzle . The HEPC is an optional component of difference between the two pressure measurements provides 
hose 12 , and may be omitted without departing from the the pressure drop ( AP ) for system 8 , when the pump is 
scope or spirit of the invention . A second hose 13 and its delivering 300 gallons per minute ( for example ) . 
associated gate valve are also fluidly coupled to fluid line 30 . FIG . 4 shows an exemplary plot of the drop in system 
A nozzle at the end of the hose 13 may be connected to an 35 pressure ( AP ) for system 8 versus the back pressure ( for 
aircraft ( or other vehicle ) to deliver fuel to another tank example the back pressure measured by calibration sensor 
within the aircraft ( not shown ) . 62 , or the back pressure measured by pressure transducer 

FIG . 3 depicts a schematic illustration of a control system 20 ) . It will be appreciated that a calibration curve , such as 
60 for bulk fuel delivery system 8 of FIG . 2 . The control that shown in FIG . 4 , may be provided for every nozzle that 
system 60 generally includes digital controller 22 . The 40 is attached to the aircraft . For example , the HEPC nozzle 
digital controller 22 communicates with pressure transducer may provide one curve , while additional HEPC nozzles may 
20 , digital pressure display 27 , a calibration sensor 62 , and provide a different curve . Each curve is stored in digital 
an ECU ( engine control unit ) connector 64 . The digital controller 22 , so that the digital controller may set and 
controller 22 may communicate on a SAE J1939 datalink . control the speed of the engine and may control the flow rate 
The pressure transducer 20 senses the fuel back pressure and 45 of the fuel as desired by the operator . 
transmits corresponding electrical signals to digital control - The digital controller 22 communicates with the ECU of 
ler 22 . The counter 42 senses the flow rate of the fuel and the vehicle , via connector 64 ( pins P3 and P4 of controller 
transmits corresponding electrical signals to digital control . 22 ) , and is informed of the speed ( for example RPM ) of the 
ler 22 . The digital pressure display 27 displays calibrated engine . The digital controller sets the speed of the engine , as 
pressure from pressure transducer 20 . The calibration sensor 50 further described below . 
62 is mounted within the nozzle attached to hose 12 and is The control system 60 of bulk fuel delivery system 8 is 
used only during limited calibration to determine the pres - configured to regulate the back fuel pressure from the nozzle 
sure drop across hose 12 . The calibration sensor 62 com - of hose 12 so that it does not to exceed 40 PSI . Specifically , 
municates with digital controller 22 . The connector 64 taps controller 22 is programmed to set fuel pressure , fuel flow 
into the engine control unit ( ECU ) of the vehicle and 55 rate and engine speed ( for example RPM ) using three 
provides a stream of data to digital controller 22 . proportional integral derivative ( PID ) loops . The PID loops 

The digital controller 22 also communicates with the pilot maintain fuel pressure , fuel flow rate and engine speed at 
valve ( pin P9 of controller 22 ) which is connected to the desired values . Each PID loop corrects any deviation 
deadman control . The controller 22 transmits a signal to the between a measured process variable and a desired setpoint 
pilot valve that either opens the pilot valve or closes the pilot 60 by determining the deviation and providing a corrective 
valve . When the pilot valve is open , air is supplied to the action to adjust the process . A PID control algorithm may 
deadman control . Upon actuating the deadman control by an include three separate parameters , namely , a proportional , an 
operator , if the pilot valve is open , air is delivered to the integral and a derivative . The proportional parameter deter 
valve , thereby opening butterfly valve 32 to permit flow of mines the reaction to a current error ; the integral determines 
fuel through the valve 32 toward hoses 12 and 13 . Alterna - 65 the reaction based on a sum of recent errors , and the 
tively , when the pilot valve is closed , air is not supplied to derivative determines the reaction to the rate at which the 
the deadman control . 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 then exits the cabin of the vehicle . The operator places the 
tion between the measured process variable and the desired meter register in the RUN position which engages the pilot 
set point . According to an embodiment of the invention , the valve to allow air to flow to a deadman handle . The operator 
control element is the vehicle ' s engine . The PID loops adjust selects the nozzle of hose 12 . After the nozzle is connected 
the speed of the vehicle ' s engine to maintain fuel pressure , 5 to the aircraft , the operator squeezes the deadman handle . 
fuel flow rate and engine speed at desired set points . If the Squeezing the deadman handle sends air to a switch . The 
controller 22 fails , the HEPC of hose 12 is configured to switch transmits a digital input to controller 22 to initiate the 
close valve 41 in the nozzle to prevent passage of fuel pumping function limiting engine speed to 1530 RPM ( for through the nozzle when the fuel pressure reaches 45 PSI . As example ) and flow rate to 800 GPM ( for example ) . When the stated previously , the HEPC is an optional component of 10 deadman signal reaches controller 22 , the controller trans hose 12 and may be omitted . mits a signal to open butterfly valve 32 . Once the nozzle Referring to FIG . 5 , there is shown an exemplary method 
of the present invention , generally designated as 70 . Method back pressure reaches 40 PSI , the PID loop pressure causes 
70 includes three PID loops shown as steps 71 , 72 and 73 . controller 22 to reduce the engine speed so that the 40 PSI 
Step 71 represents a PID loop executed by digital controller 15 hoz 15 nozzle back pressure is not exceeded . At this stage of the 
22 for setting and controlling the speed ( RPM ) of the engine . process , the flow rate is unable to exceed 800 GPM ( for 
Step 72 represents a PID loop executed by digital controller example ) . Releasing the deadman handle brings the engine 
22 for setting and controlling the flow rate of fuel delivered back to idle , and removes the output to butterfly valve 32 
to the aircraft ( GPM , for example ) . Step 73 depicts the thereby allowing butterfly valve 32 to close under spring 
beginning of the third PID loop . As shown , step 73 receives 20 pressure . If a second single point nozzle is selected , the 
the back pressure from transducer 20 and determines the nozzle switch selects an alternate pressure curve to com 
back pressure at the nozzle . The curve , as shown in FIG . 4 , pensate for its pressure loss during fueling . If a set of nozzles 
may be used to determine the drop of pressure ( AP ) between are selected ( 2 deck or 2 side nozzles , for example ) , con 
the nozzle and pressure transducer 20 , so that the actual troller 22 uses the pressure curve for the combined set of 
pressure at the nozzle may be obtained . 25 nozzles and compensates for the pressure loss in the system . 

So long as the engine RPM delivers maximum desired 
flow rate ( for example 300 GPM ) and the back pressure at What is claimed : 
the nozzle is less than 40 PSI ( for example ) , as determined 1 . A fueling control system for providing fuel from a 
by decision block 75 , the system continues , by way of step vehicle to an aircraft comprising : 
76 , back to PID loops 71 , 72 and 73 . If , on the other hand , 30 a pressure transducer for sensing back pressure in a fluid 
decision block 75 determines that the pressure is approach path to a fuel tank of an aircraft , and 
ing 40 PSI , then steps 72 and 74 are entered to set and a digital controller coupled to the pressure transducer for 
control the flow rate of fuel so that the set points into PID receiving the back pressure in the fluid path and con 
loop 71 and PID loop 72 may be adjusted . The adjustment trolling fuel flow in the fluid path to the aircraft , 
may be provided to lower the speed of the engine , so that the 35 wherein the digital controller is coupled to a pump in the 
flow rate of fuel to the aircraft fuel tank is reduced and the vehicle for controlling speed of the pump for pumping 
back pressure at the nozzle does not exceed 40 PSI . the fuel in the fluid path , and 

According to one exemplary use of the invention , an the digital controller includes at least two relationships 
operator activates a power take off ( PTO ) switch in the cabin between the back pressure in the fluid path and the flow 
of the refueling vehicle . The PTO switch transmits a digital 40 rate of the fuel in the fluid path stored in a memory 
input to the transmission of the refueling vehicle to turn on device ; 
PTO 28 . If all engine speed conditions are satisfied , PTO 28 wherein one relationship sets a first speed of the pump to 
is turned on . The operator deposits a fueling ticket in the control pumping of the fuel at a first rate , and 
ticket printer and then exits the cabin of the vehicle . The a second relationship sets a second speed of the pump to 
operator places the meter register in the RUN position which 45 control pumping of the fuel at a second rate ; and 
engages a pilot valve to allow air to flow to a deadman the first and second rates are dependent on the sensed [ first 
handle . The operator then selects the nozzle of hose 12 . After and second back pressures ] back pressure in the fluid 
the nozzle is connected to the aircraft , the operator squeezes path , respectively . 
the deadman handle . Squeezing the deadman handle sends 2 . The system of claim 1 including an engine coupled 
air to a switch . The switch sends a digital input to controller 50 between the pump and the digital controller , wherein the 
22 to start the pumping function , while controller 22 limits digital controller is configured to control speed of the 
engine RPM to 1300 ( for example ) and flow rate to 300 engine . 
GPM ( for example ) , or any other values . The controller 22 3 . The system of claim 1 including a valve coupled 
also transmits a signal to open butterfly valve 32 . between the pump and the fluid path for activating flow of 

As the nozzle back pressure reaches 40 PSI , ( or any other 55 fuel from the fuel tank of the vehicle to the fluid path , 
desired pressure value ) , the controller reduces engine RPM wherein the digital controller controls activation of the 
so that the 40 PSI nozzle back pressure is not exceeded . At valve . 
this stage of the process , the flow rate does not exceed 300 4 . The system of claim 1 wherein the digital controller is 
PSI . Releasing the deadman handle returns the engine back configured to control ( a ) the back pressure in the fluid path 
to idle and removes the output to butterfly valve 32 thereby 60 and ( b ) the flow rate of the fuel in the fluid path . 
allowing flow control butterfly 32 to close under spring 5 . The system of claim 1 wherein the relationship is based 
pressure . on a type of nozzle used for fueling the aircraft . 

According to another exemplary use of the invention , an 6 . The system of claim 1 including a fuel tank of an 
operator activates a power take off ( PTO ) switch in the cabin aircraft , and 
of the refueling vehicle . The operator places the transmis - 65 wherein the relationship includes a plot of ( a ) pressure 
sion of the vehicle in drive and the pump begins to turn . The drop between the fuel tank of the aircraft and the fluid 
operator deposits a fueling ticket in the ticket printer and path versus ( b ) a flow rate of the fuel . 
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7 . The system of claim 1 wherein the digital controller 16 . The fueling control system of claim 13 wherein the 
communicates with an engine of the vehicle by way of a digital controller is configured to maintain the speed of the 
digital data bus . engine below a predetermined engine revolutions per minute 

8 . A method of providing fuel from a fuel vehicle to an ( RPM ) limit . 
aircraft comprising the steps of : 17 . A method for providing fuel from a vehicle having an 

( a ) sensing back pressure in a fluid path from the aircraft ; engine to an aircraft comprising the steps of : 
( b ) receiving the sensed back pressure by a digital con driving a pump to generate a flow of fuel from the vehicle 

troller , and to the aircraft via a fluid path with the engine of the 
( c ) controlling fuel flow to the aircraft in the fluid path vehicle ; 

10 based on the sensed back pressure ; sensing back pressure in the fluid path ; 
wherein step ( c ) includes controlling the rate of flow controlling a speed of the engine to adjust a rate of the 

based on data depicting ( i ) pressure drop between the flow of fuel generated by the pump based on a first 
aircraft and a pressure sensor and ( ii ) a flow rate of the relationship between the back pressure and the speed of 
fuel , and the engine : and 

said data includes first and second pressure drops corre controlling the speed of the engine to adjust the rate of the 
spond to first and second flow rates , wherein the first flow of fuel generated by the pump based on a second 
and second flow rates are different from each other . relationship between the rate of the flow of fuel gen 

9 . The method of claim 8 wherein erated by the pump and the speed of the engine . 
step ( c ) includes controlling fuel flow by the digital 20 18 . The method of claim 17 , further comprising : 

controller . detecting the rate of the flow of fuel in the fluid path with 
10 . The method of claim 8 wherein a fuel meter . 
step ( c ) includes controlling rate of flow of the fuel by the 19 . The method of claim 17 , further comprising : deter 

digital controller . mining a pressure at a nozzle of the fluid path based on the 
11 . The method of claim 10 wherein step ( c ) includes 25 back pressure ; and controlling the speed of the engine based 

activating a valve coupled to the fluid path by the digital on the pressure at the nozzle . 
controller . 20 . A vehicle for providing fuel to an aircraft comprising : 

12 . The method of claim 10 wherein step ( c ) includes a fuel tank configured to store the fuel ; 
controlling the rate of flow based on a type of nozzle used a pump configured to generate a flow of fuel from the fuel 

30 tank of the vehicle to the aircraft via a fluid path ; to fuel the aircraft . 
13 . A fueling control system for providing fuel from a an engine configured to drive the pump to generate the 

vehicle to an aircraft comprising : flow of fuel , the engine controllable to run at different 
engine speeds ; a pump configured to generate a flow of fuel from the a fuel meter configured to detect a rate of the flow of fuel vehicle to the aircraft via a fluid path ; 35 in the fluid path ; an engine of the vehicle configured to drive the pump to a pressure transducer configured to sense back pressure 

generate the flow of fuel , the engine controllable to run in the fluid path ; 
at different engine speeds ; a digital controller configured to store data representative 

a pressure transducer configured to sense back pressure of a pressure drop between the pressure transducer and 
in the fluid path ; and a nozzle of the fluid path , the digital controller config 

a digital controller configured to receive data represent ured to ( i ) receive data representing the back pressure 
ing the back pressure from the pressure transducer , the from the pressure transducer and data representing the 
digital controller configured to control the speed of the flow rate from the fuel meter , ( ii ) determine a pressure 
engine to adjust a rate of the flow of fuel generated by at the nozzle based on the stored data and at least one 
the pump based on the data representing the back 45 of the data representing the back pressure and the data 
pressure , representing the flow rate , ( iii ) control a speed of the 

wherein the digital controller controls the speed of the engine to adjust a rate of the flow of fuel generated by 
engine based on a first relationship between the data the pump to prevent the pressure at the nozzle from 
representing the back pressure and the speed of the exceeding a predetermined nozzle pressure limit : ( iv ) 
engine , and the digital controller controls the speed of 30 control the speed of the engine based on a first rela 
the engine based on a second relationship between the tionship between the data representing the back pres 
rate of the flow of fuel generated by the pump and the sure and the speed of the engine : and ( v ) control the 

speed of the engine based on a second relationship speed of the engine . between the rate of the flow of fuel generated by the 14 . The fueling control system of claim 13 , further com - se pump and the speed of the engine . prising a fuel meter configured to detect the rate of the flow 21 . The vehicle of claim 20 , wherein the digital controller of fuel in the fluid path , is further configured to control the speed of the engine to wherein the digital controller is configured to receive data prevent the rate of the flow of fuel from exceeding a representing the flow rate from the fuel meter . predetermined flow rate limit , and maintain the speed of the 
15 . The fueling control system of claim 13 , wherein the 60 engine below a predetermined engine revolutions per minute 

fluid path includes a nozzle at the aircraft , ( RPM ) limit . 
the digital controller is configured to determine a pressure 22 . The vehicle of claim 20 , further comprising : 

at the nozzle based on the data representing the back a valve provided in the fluid path downstream of the pump , 
pressure sensed by the pressure transducer , and the valve configured to permit or prevent the flow of fuel 

the digital controller is configured to control the speed of 65 through the fluid path ; 
the engine based on the pressure at the nozzle deter - a control coupled to the valve , the control configured to 
mined by the digital controller . 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 
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 - 10 
ing the back pressure from the pressure 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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