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FUEL DELIVERY SYSTEM AND METHOD PROVIDING REGULATED ELECTRICAL OUTPUT

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority of U.S. Provisional Application Serial No.
60/570,243, filed on May 12, 2004, and U.S. non-provisional application filed on May 9,
2005, serial number to be assigned.

TECHNICAL FIELD

The present invention relates, in general, to a portable re-fueling vehicle
and method for providing bulk fuel from a pressurized reservoir to aircraft at busy
airports. More specifically, this invention relates to a bulk fuel delivery system and
method with feedback control, in which a fluid driven power source is driven at

controlled speeds to regulate electrical output from the power source.

BACKGROUND OF THE INVENTION

When fueling airplanes at the loading/unloading aprons of major airports,
fuel is usually supplied at substantial pressure by underground mains to fuel hydrants
located at each apron. A fuel cart is rolled up to the airplane and is hooked between

the nearest fuel hydrant and the fuel filler connection on the airplane.

The cart performs several services ancillary to providing and transferring
fuel. For example, a fuel cart has hose reels, filters, water separators, and a flow meter
to measure the quantity of fuel, boarded on the aircraft, for billing purposes. Many of
these and other ancillary services require the availability of compressed air and/or

primary power.

U.S. Patent No. 6,324,840, issued December 4, 2001, to Owen Watkins
of General Transervice Inc., Coatsville, PA, discloses a bulk fuel delivery system for
operating a fluid driven power source at a constant speed. This patent is incorporated

herein by reference in its entirety.

As discussed in the Watkins’ patent, the bulk fuel delivery system
includes a fluid driven power source for operating auxiliary instrumentation, such as an
air compressor and an alternator. Several flow monitors and valves are linked by fuel
control lines. The flow monitors track the fluid flow rates and adjust the valves to

regulate the flow rate through the fluid driven power source.

The present invention provides an improved fuel delivery system, by the

same inventor, that includes a fluid driven power source operated at constant speed.
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SUMMARY OF THE INVENTION

To meet this and other needs, and in view of its purposes, the present
invention includes a mobile fuel delivery vehicle, providing bulk aircraft fuel from a
pressurized fuel reservoir to an aircraft and regulated electrical output. A method of
the invention regulates the electrical output of an electrical power source and includes
the steps of: (a) receiving, in a fluid path, the bulk aircraft fuel from the pressurized
reservoir; (b) controlling flow rate of the fuel along the fluid path; (c) fluidically
rotating a shaft of the electrical power source in the fluid path, in response to step (b);
(d) sensing rotation speed of the electrical power source by measuring number of
revolutions per a time period; (e) setting a predetermined rotation speed for the
electrical power source; (f) measuring a difference between the sensed rotation speed
of step (d) and the set predetermined rotation speed of step (e); and (g) modifying the
flow rate of the fuel along the fluid path based on step (f) and, in turn, the electrical

output of the electrical power source.

The system and method of the invention also includes sensing the
rotation speed of the electrical power source by coupling a speed sensor to the
electrical power source, and directly sensing the number of revolutions per minute
(RPM) of the electrical power source. The method further includes supplying the
electrical output from the electrical power source to devices requiring electrical input

signals in the vehicle.

The system and method of the invention further includes modifying the
flow rate of the fuel along the fluid path, by disposing a valve in the fluid path for
controlling the flow rate of the fuel in the fluid path, and electrically operating the valve
based on the measured differencge between the sensed rotation speed of the electrical
power source and the set predetermined rotation speed. The valve dynamically moves
at least 5 degrees in less than 50 milliseconds, and from a fully opened position to a
fully closed position in less than 1 second.

Another embodiment of the present invention includes a system and
method of regulating electrical output of an electrical power source in a mobile fuel
delivery vehicle, that provides bulk aircraft fuel from a pressurized fuel reservoir to an
aircraft. This other embodiment includes (a) receiving the bulk aircraft fuel from the
pressurized fuel reservoir; (b) dividing the bulk aircraft fuel to flow along a primary
fluid path and a secondary fluid path; (c) controlling flow rate of the fuel along the
primary fluid path; (d) fluidically rotating a shaft of the electrical power source in the
secondary fluid path in response to step (c); (e) sensing rotation speed of the electrical
power source by measuring number of revolutions per a time period; (f) setting a
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predetermined rotation speed for the electrical power source; (g) measuring a
difference between the sensed rotation speed of step (e) and the set predetermined
rotation speed of step (f); and (h) modifying the flow rate of the fuel along the primary
fluid path, based on step (g) and, in turn, the electrical output of the electrical power
source.

Yet another embodiment of the present invention is a mobile fuel delivery
vehicle, providing bulk aircraft fuel from a pressurized fuel reservoir to an aircraft. A
method of the invention regulates electrical output of an alternator driven by a turbine
that is in the vehicle. The method includes the steps of: (a) receiving the bulk aircraft
fuel from the pressurized fuel reservoir; (b) dividing the bulk fuel to flow along a
primary fluid path and a secondary fluid path; (c) controlling flow rate of the fuel along
the primary fluid path; (d) fluidically rdtating a shaft of the turbine in the secondary
fluid path in response to step (c); (e) sensing rotation speed of the turbine; (f) setting
a predetermined rotation speed for the turbine; (g) measuring a difference between the
sensed rotation speed of step (e) and the set predetermined rotation speed of step (f);
and (h) modifying the flow rate of the fuel along the primary fluid path based on step
(g9) and, in turn, the electrical output of the alternator. The method further includes
executing a control loop algorithm in a programmable logic controller (PLC) to control
the rotation speed of the turbine. Controlling the rotation speed of the turbine includes
controlling rotation speed of the turbine at nearly constant speed, at varying output

loads on the alternator driven by the turbine.

It is understood that the foregoing general description and the following

detailed description are exemplary, but are not restrictive, of the invention.

BRIEF DESCRIPTION OF THE DRAWING

The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. Included in the drawing are

the following figures:

FIG. 1 is a plan view of a hydrant re-fueler vehicle providing bulk fuel

from a fuel reservoir to an aircraft;

FIG. 2 is a schematic block diagram of a bulk fuel delivery system of the

re-fueler vehicle of FIG. 1, in accordance with an embodiment of the present invention;

FIGS. 3A and 3B are schematic block diagrams showing exemplary
proportion, integral, derivative (PID) controls, as executed by a programmable logic

controller (PLC) embodied in the fuel delivery system of FIG. 2;
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FIGS. 4A-4G are logic flow block diagrams depicting a method of the
invention, as executed by the PLC of FIG. 2, in accordance with an embodiment of the

invention; and

FIG. 5 is a schematic block diagram of a bulk fuel delivery system of the
re-fueler vehicle of FIG. 1, in accordance with another embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a bulk fuel delivery control system, in
which a fluid driven power source is driven at constant speed by fuel flow, in order to

operate auxiliary instrumentation requiring regulated primary power.

Referring now specifically to the illustrations, FIG. 1 shows re-fueler
vehicle 6. The re-fueler vehicle generally functions to channel fuel from a pressurized
fuel hydrant 4 to aircraft 14. The hydrant provides bulk fuel from a subterranean
reservoir 2 of a re-fueling facility to a fuel tank of the aircraft (not shown). Itis
recognized by those skilled in the art that reservoir 2 may be located above ground,

such as a mobile reservoir source.

A first fueling couple 10 of re-fueler vehicle 6 is connected to the hydrant
for receiving fuel from reservoir 2. The couple is in fluidic communication with a bulk
fuel delivery system 8 of re-fueler vehicle 6. The bulk fuel delivery system 8 includes a
fluid driven power source 28 for operating auxiliary instrumentation (shown, for
example, as turbine 28 in FIG. 2). A second fueling couple 12 is in fluidic
communication with bulk fuel delivery system 8 and is connected to aircraft 14 for
refueling purposes. In this way, pressurized fuel flows into bulk fuel delivery system 8

of re-fueler vehicle 6 for fueling aircraft 14.

The inventor discovered that the environment shown in FIG. 1 presents
unique problems. A first problem is the constantly varying fluid flow pressure coming
from reservoir 2. As the number of fueling vehicles under operation changes, so does
the fluid flow pressure. Accordingly, the source pressure at fueling couple 10 is
constantly changing. The inlet pressure at couple 10 (or inlet 22 in FIG. 2) may vary
between approximately 50-250 psi. The inlet pressure may drop, for example, from
100 psi to 60 psi in less than 3 seconds. A second problem is the varying flow rate at
the nozzle (not shown) attached to fueling couple 12. As the aircraft fuel tank is filled,
the nozzle pressure changes. For safety considerations, the nozzle pressure (sink
pressure) is limited to 40 psi. The nozzle pressure however, may increase to 100 psi in

approximately 0.5 seconds. A third problem is the electrical load connected to the
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primary power source, which is also constantly changing. The primary power source,
as an alternator, for example, may have wildly differing loads. The load may have a
peak as high as 60 amperes and may decrease to as low as 5 amperes, typically. The
load fluctuates as the refueling vehicle expands energy moving from one aircraft to
another. As one example, when a lift basket is actuated on the refueling vehicle, the
load jumps almost instantaneously to 40 amperes. When the lift basket is turned off,
however, the load drops almost instantaneously by 40 amperes. The batteries (load)
on the vehicle, being charged by the alternator, require more current to recharge. As
the electrical load changes, so does the amount of horsepower required to drive fluid
driven power source 28 (for example, turbine 28 in FIG. 2). The present invention

solves these problems.

Referring now specifically to FIG. 2, bulk fuel delivery syste:m 8,
configured in accordance with the present invention, will now be described. Bulk fuel
provided from first fueling couple 10 flows through inlet 22 as a conduit for the bulk
fuel. The bulk fuel then divides along a primary fluid path and a secondary fluid path,
generally designated 24 and 26, respectively. The secondary fluid path 26 carries a
portion of the fuel provided into inlet 22. The remainder portion of the bulk fuel is
carried along primary fluid path 24 into rotary control valve 32.

It will be appreciated that the amount of fuel in the primary fluid path
and secondary fluid path depend on the flow rate at inlet 22. If the flow rate drops
below 250 gallons per minute (for example), most of the fuel flows through the
secondary fuel path as the control system attempts to regulate the speed of the

turbine.

It will be understood that the terms “primary fluid path” and “secondary
fluid path” do not imply that most of the fuel flows through the primary fluid path and
only a small portion of fuel flows through the secondary fluid path. In fact, depending
on the flow rate at inlet 22, the secondary fluid path may take most of the fluid flow
through it, and only a small portion of the fuel may flow through the primary fluid path,
as described above. The opposite may also be true.

The secondary fluid path 26 is coupled to a fluid driven power source,
such as turbine 28. As the fluid flowing from inlet 22 moves toward outlet 40, the shaft
of turbine 28 rotates. Rotation of the shaft of turbine 28 causes rotation of pulley 29
which, in turn, causes rotation of a motor in alternator 30. Alternator 30 provides a
regulated charging voltage of approximately 56V to a battery providing 48V nominal
output to various instrumentation and other loads, as required in the aircraft re-fueling
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environment. The manner in which alternator 30 provides a regulated voltage output
(Vout) is described below.

The primary fluid path 24 is connected to rotary control valve 32 for
passage of fuel from inlet 22 to outlet 40. Servo motor 34 controls the valve position of
rotary control valve 32. A completely closed valve position forces more fuel from inlet
22 to flow through secondary fluid path 26. A completely open valve position, on the
other hand, forces less fuel to flow through the secondary fluid path and more fuel to
flow through primary fluid path 24. The valve position of the rotary control valve may
be regulated by servo motor 34 in a linear manner between completely opened and
completely closed, in accordance with an embodiment of the invention.

As will be explained, fuel enters secondary fluid path 26 and begins
turning turbine 28 and alternator 30. As the turbine spools up, two speed sensors 36
and 38 (shown as Prox 1 and Prox 2) send signals to programmable logic controller
(PLC) 52. Prox 2 senses that turbine 28 is rotating. Prox 1 senses the speed of
rotation, or the revolutions per minute (RPM) of turbine 28, and provides an analog
RPM value, by way of frequency converter 46, as an input signal to PLC 52.

These sensors may be inductive proximity switches, for example, as
manufactured by Turck (Part No. BI1, 5-G08-AP6X-H1341) or by Pepperl + Fuchs (Part
No. NBB2-8GM40-E2-V1).

Servo drive 54, which is an interface module between PLC 52 and servo
motor 34, provides position control to servo motor 34 which, in turn, controls the valve
position of rotary control valve 32. An exemplary rotary control valve may be an
eccentric plug, Model No. 35x12, manufactured by Masoneilan. This valve provides
good pressure control over the required dynamic range. It will be understood that the
servo motor is required to be sufficiently strong to control the valve position of the
rotary control valve with about 100 foot-pounds of torque.

An exemplary servo motor may be the Exlar SLG90, manufactured by
Exlar, or another similar servo motor manufactured by Bayside Motion Control. The
servo motor may rotate about 90 degrees in less than one second (fully open to fully
closed positions). This rotation allows moving the valve position of the rotary control
valve from fully opened to fully closed in less than one second. The servo motor may
rotate at least five degrees in less than 50 milliseconds (approximately). As will be
discussed, the control loop of the invention operates in about a 50 millisecond period.
The servo motor is suited for this unique and difficult environment, allowing for about
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100 foot-pounds of torque to move the valve position at least five degrees in less than

50 milliseconds.

The inventor discovered that servo motor 34 in FIG. 1 (or servo motor
1304 in FIG. 5) may rotate about 90 degrees in less than 1 second (0.9 seconds), or
about 5 degrees in less than 50 milliseconds (most preferred), in order to adequately
control the unique and difficult environment of the fuel delivery system described
above. A slower rotation of the rotary control valve may also be adequate for the fuel
delivery system. For example, the servo motor may rotate about 90 degrees in less
than 2 seconds (1.8 seconds) or about 2.5 degrees in less than 50 milliseconds and still
be adequate for the fuel delivery system (more preferred). As another example, the
servo motor may rotate about 90 degrees in less than three seconds and may yet be
adequate for the fuel delivery system. Any slower rotation than 90 degrees in about 3
seconds may likely not work with the control algorithms executed by PLC 52. As
described later, the turbine is set to a predetermined speed, such as 2200 RPM. Under
speed of the turbine is, generally, not a problem. Over speed of the turbine, however,
is a problem and is dangerous to the bearings (for example). With the preferred servo
motor rotation of about 90 degrees in less than 1 second, the turbine may be set to the
2200 RPM, without need for slowly ramping up the speed of the turbine and verifying
the speed of the turbine at each point on the ramp. For example, with a servo motor
that rotates at a slow speed of 90 degrees in 3 seconds to 5 seconds (approximately), a
ramp up of the speed needs to be implemented by PLC 52. The ramp up may include
stop and verify speeds of, for example, 700 RPM, 1500 RPM and finally 2200 RPM.
Similarly, if the desired speed of the turbine is 700 RPM and the turbine is spinning at
2400 RPM, a ramp down speed is needed that includes stop and verify speeds on the
ramp. With a servo motor controlled at 90 degrees in less than 1 second, on the other
hand, no ramp up points, nor ramp down points are needed. This simplifies the
algorithms executed by PLC 52.

The PLC compares the RPM (sensed by Prox 1) with a predetermined set
point RPM (a variable value which may be set in the program, for example, a value of
2000 RPM). The predetermined set point is provided to a PID subroutine (explained
later), which calculates an analog output (shown as Analog Position in FIG. 2). This
analog output is provided to servo drive 54 which, in turn, controls servo motor 34.
The valve of rotary control drive 32 is positioned toward the closed position, if the RPM
of turbine 28 is too low. The valve is positioned toward the opened position, however,
if the RPM is too high. As the valve position is changed, the turbine speed is changed
which, in turn, is sensed by Prox 1 for feedback to PLC 52.
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It will be appreciated that a waveform (speed versus time) generated by
the speed of the turbine includes a decreasing oscillation. As the turbine speed
diverges from the predetermined set point, a feedback signal to the valve corrects the
turbine RPM toward the set point value. The feedback signal continues in time as a
decreasing oscillating amplitude. The oscillation amplitude decreases as each
correction is made to the turbine speed, until the RPM of the turbine settles on the
predetermined set point value. The present invention advantageously maintains a
nearly constant RPM, under varying inlet fuel pressures and varying loads on the
alternator. The present invention controls the speed of the turbine at near constant
speed and, does so, independently of other variables in the system. (An exception to
this is an environment in which the pressure of fuel flow is so low that the rotary valve
is fully closed by the servo motor, causing all the fuel to flow in the secondary fluid
path.)

Continuing the description of FIG. 2, there is shown deadman switch 42,
deadman control 56, voltage regulator enable 50, auto switch 44 and manual switch
48. Deadman switch 42 is activated by an operator to provide a deadman input signal
to PLC 52. The deadman input signal is present, so long as the deadman switch is
depressed by the operator.‘ In turn, the PLC provides a deadman output signal, when
safety considerations are satisfied. The deadman output is sent to deadman control
module 56. The deadman control module provides an actuation signal to enable fuel to

flow from reservoir 2 (FIG. 1) into inlet 22.

Manual switch 48 applies power to drive the valve of rotary control valve
32 to a fully opened position, by way of a command signal from PLC 52 and servo drive
54. This is a safety consideration to assure that most of the inlet fuel flows through
primary fluid path 24 during initial startup of system 8. It will be appreciated that
manual switch 48 may be omitted and the system may be operated in an automatic

mode.

The automatic mode, as shown, is enabled by auto switch 44. Upon
enablement of the automatic mode, the control loop between turbine 28, PLC 52, servo
drive 54, servo motor 34 and rotary control valve 32 assumes control of the operation
of system 8. The algorithms (explained later) of the present invention are effective in
maintaining a near constant RPM for the turbine. The near constant rotation of the
turbine provides a constant charging voltage of approximately 56V to a battery with a
nominal output of 48V (not shown).

Completing description of FIG. 2, voltage regulator enable module 50, by
way of a control signal from PLC 52, enables the magnetic field of alternator 30. This
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provides a spinning-start of the alternator. This spinning-start is useful in
environmental conditions, in which the fuel pressure at inlet 22 drops sufficiently low so

as not having sufficient torque to start the turbine rotation.

The various algorithms executed by PLC 52 will now be described. One
of these algorithms, shown schematically in FIG. 3A, is the PID calculation. The PID
calculation provides a control output signal which is a sum of proportional (P), integral
(I) and derivative (D) terms of a calculated error in a single calculation loop. On each
calculation of the PID loop, each term receives the same error signal value.

The role of the P, I, and D terms in the PID calculation are as follows:

(a) Proportional - The proportional (or ramp) term responds
proportionally to the current size of the error. This loop controller
calculates a proportional term value for each PID calculation. When
the error is zero, the proportional term is also zero.

(b) Integral - The integrator (or reset) term integrates (sums) the error
values. Starting from the first PID calculation after entering Auto
Mode, the integrator keeps a running total of the error values. In
the PID equation, when the loop reaches equilibrium and there is no
error, the running total represents the constant output required to
hold the current position of the process variable (PV).

(c) Derivative - The derivative (or rate) term responds to change in the
current error value from the error used in the previous PID
calculation. Its task is to anticipate the probable growth of the
error and generate a contribution to the output in advance.

The P, I, and D terms work together. Any one of these terms may be set

to zero.

FIG. 3B shows a schematic block diagram of the PID calculation executed
by the PLC, generally designated as 70. As shown, the process PID calculation includes
the set point and the process variable (PV) as two separate input signals. The set point
is user adjustable, and may be set to 2000 RPM, for example. The process variable
(PV) is the actual, presently measured turbine RPM, as sensed by proximity sensor 1
(Prox 1). These two inputs are subtracted from each other to yield the error term. The
error term is processed by the P, I and D terms, and summed together to produce the
control output signal. As shown, the control output signal is sent to servo drive 54
from PLC 52 (FIG. 2). This signal is then communicated to servo motor 34 which, in

turn, controls the valve position of rotary control valve 32.
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Referring next to FIGS. 4A-4G, there is shown method 400 as one
exemplary embodiment of the invention. Referring first to FIG. 4A, the method starts
with step 410. The variables used by the method of the invention are initialized in step
411. The servo motor is initialized by setting it to the home position in step 412. The
method then proceeds to step 413, in which the analog-to-digital and digital-to-analog

conversions are processed.

The method then processes the PID calculations in step 414, at a 50
millisecond rate. A secondary speed monitoring loop is executed in step 415, ata 1
millisecond rate. The speed and fault control algorithms are executed in step 416. The

method then branches back to step 413 and the process is repeated.

Each of the steps referred to in FIG. 4A will be described in greater detail
by reference to FIGS. 4B-4G. Referring to FIG. 4B, initialization of the variables begins
at step 420, in which the PID variables are set to their initial values. The PID variables
are the setpoint, gain, reset, rate, sample rate and manual position. The setpoint is set
to 2000 RPM, for example. The gain is the proportional constant used for the ramp of
FIG. 3A and is set to a slope value of 2.3. The reset is used in the integral loop
calculation of FIG. 3A. The reset value is set to 0.04 minutes. Thus, the integration
occurs over a 0.04 minute interval. The rate value, or derivative value, is set to 0.001
in this embodiment of the invention (but may be set to zero). The sample rate is set to
50 milliseconds. Accordingly, the PID calculations occur within a 50 millisecond interval
and are repeated every 50 millisecond interval. The manual position is set to zero.
When the manual position is false (zero), the PID loop is enabled. When the manual
position is true, however, the PID loop may be turned off.

After setting the PID variables, the method branches to step 421 and sets
the secondary speed monitor sampling rate. In an exemplary embodiment of the
invention, the secondary speed sampling rate is set to a 1 millisecond interval. Step
422 resets the speed and fault control settings as part of the initialization process.

Referring next to FIG. 4C, method 400, for safety purposes, sets the
servo position to home. Beginning at step 430, the method provides the enable servo
output (shown as the enable drive from PLC 52 to servo drive 54). Step 431
commands servomotor 34 to the home position. The method, througg decision box
432, verifies that the servomotor is, indeed, in the home position. The method
continues checkiAng that the servomotor is in the home position by looping back to step
431. When decision box 432 concludes that the servomotor is in the home position,
the method branches to step 433 and informs PLC 52 that the servomotor is ready to
be controlled.
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Referring next to FIG. 4D, method 400 provides conversions of analog
signals into digital signals and, visa versa, digital signals into analog signals.
Beginning at step 440, the method inputs the analog signal from frequency converter
46 (designated as analog RPM in FIG. 2) to the PLC algorithms. Step 441 divides the
analog input signal by its resolution. Step 442 then multiplies the signal, output by
step 441, by its full scale RPM value. The resulting value is stored as RPM-IN in step
443,

The PID output signal is provided to the algorithm in step 444. Step 445
multiplies the PID output by its full scale valve position. Step 446 stores the PID

output value as an output signal.

Step 447 provides the analog input signal. Step 448 multiplies the

analog input signal by the resolution. Step 449 stores the value as the process variable

(PV). The PID output is inputted to the algorithm in step 450 and then multiplied by
the resolution in step 451. The value is stored as the analog output signal in step 452.

Referring next to FIG. 4E, method 400 performs the PID calculations.
Beginning in decision box 453, the method determines whether the manual input is on.
If the manual input is on, then the method branches to step 457 and sets the PID
output equal to the manual position. If decision box 453 determines that the manual
input is off, the method branches to decision box 455 and performs the PID
calculations. Step 456 provides the output of the PID calculations.

It will be appreciated that for safety considerations, method 400
performs the PID calculations only when the method is not in the manual position.

Referring next to FIG. 4F, method 400 performs the secondary speed
monitoring. Beginning in step 460, the RPM2 signal (secondary speed monitoring by
speed sensor 2) is inputted as a signal into PLC 52. Step 461 starts counting on the
positive transition of the RPM2 signal at a 1 millisecond rate. Step 462 stores the
count, and resets the counter when a positive transition of RPM2 occurs again.
Decision box 463 determines if the incremental time is less than 2 seconds. If the
incremental time is less than 2 seconds, the method branches back to step 461, and
continues to accumulate the count. If decision box 463 determines that the
incremental time is greater than or equal to 2 seconds (2000 value), the method
branches to step 464 and stops the count.

Referring to FIG. 4G, the method provides speed and fault controls
beginning at step 470. Method 400 determines whether the incremental timer is equal

to 2 seconds. If it is equal to 2 seconds, the no_speed flag is set. Step 471 determines
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if the incremental timer is less than 2 seconds. If it is less than 2 seconds, the running
timer is started, until the deadman_in is off. Step 472 determines if the process is
running, and the deadman_in is activated, and the RPM input is less than 100, or there
is no speed, then the no_RPM flag is set.

Step 473 determines if the RPM input is greater than or equal to 2500. If
it is greater than or equal to 2500, the high_high flag is set, which indicates that the
RPM is too high. Step 474 determines if the deadman input is activated, and the LCR
input (meter) is on, and the high_high flag is off, and the ready input from the servo

drive is on, and no_RPM is off, then the deadman output is set.

Step 475 determines when the deadman input is released, If the
deadman input is released, the method holds the deadman off flag on, until the

deadman off delayed timer becomes true after 5 seconds.

Method 400 then enters decision box 476. Decision box 476 determines
whether the manual switch is on. If it is on, then step 477 sets the manual latch and
moves the manual position to the output. If decision box 476 determines that the
manual switch is off, then the method enters decision box 478.

Decision box 478 determines whether the RPM input is greater than or
equal to 2350, If it is determined that the RPM input is greater than or equal to 2350,
the method branches to step 477 and sets the manual latch and moves the manual

position to the output.

If decision box 478 determines that the RPM input is less than 2350, then
the method enters decision box 479. Decision box 479 determines whether the
no_RPM switch is on. If the switch is on, the method branches to step 477 and sets the

manual latch and moves the manual position to the output.

If decision box 479 determines that the no_RPM switch is off, the method
branches to step 480 and goes to the subroutine that provides the analog to digital and

digital to analog conversions.

Turning next to another embodiment of the invention, reference is made
to FIG. 5. As shown, system 1300 includes rotary control valve 1306 placed in the
same fluid flow path as turbine 1302. Accordingly, this embodiment is different from
the embodiment of the system shown in FIG. 2, in which the rotary control valve is
positioned in a fluid flow path that is parallel to a fluid flow path turning the turbine.
The servo motor 1304 controls the valve position of the rotary control valve using a
command signal from the PLC. The other elements shown in FIG. 5 may be similar to
the elements shown in FIG. 2.
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In the embodiment shown in FIG. 5, the servomotor operation of the
rotary control valve is in reverse of the operation described in the system of FIG. 2.
The rotary control valve is moved toward to fully opened position to allow more fuel to
flow in path 1308, which in turn speeds up the turbine. The rotary control valve is
moved toward the fully closed position to allow less fuel to flow in path 1308 which, in
turn, slows down the turbine.

A detailed description of the many subroutines, in ladder network form,
which are executed by the PLC, shown in FIG. 2 and FIG. 5, is provided in the
Appendix, which is incorporated herein for its teachings in their entirety.

Although illustrated and described herein with reference to certain
specific embodiments, the present invention is nevertheless not intended to be limited
to the details shown. Rather, various modifications may be made in the details within
the scope and range of equivalents of the claims and without departing from the spirit
of the invention.
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What is Claimed:

1. In a mobile fuel delivery vehicle, providing bulk aircraft fuel from
a pressurized fuel reservoir to an aircraft, a method of regulating electrical output of an

electrical power source, comprising the steps of:

(a) receiving, in a fluid path, the bulk aircraft fuel from the pressurized

reservoir;
(b) controlling flow rate of the bulk aircraft fuel along the fluid path;

(c) fluidically rotating a shaft of the electrical power source in the fluid
path, in response to step (b);

(d) sensing rotation speed of the electrical power source by measuring

number of revolutions per a time period;

(e) setting a predetermined rotation speed for the electrical power

source;

(f) measuring a difference between the sensed rotation speed of step (d)
and the set predetermined rotation speed of step (e); and

(g) modifying the flow rate of the fuel along the fluid path based on step

(f) and, in turn, the electrical output of the electrical power source.
2. The mobile fuel delivery vehicle of claim 1 wherein

sensing the rotation speed of the electrical power source includes

coupling a speed sensor to the electrical power source, and

directly sensing the number of revolutions per minute (RPM) of the

electrical power source.
3. The mobile fuel delivery vehicle of claim 2 wherein

coupling the speed sensor to the electrical power source includes
attaching the speed sensor to the electrical power source and mounting the electrical

power source on the vehicle.
4, The mobile fuel delivery vehicle of claim 1 including the step of:

supplying the electrical output from the electrical power source to devices

requiring electrical input signals in the vehicle.

5. The mobile fuel delivery vehicle of claim 1 wherein modifying the

flow rate of the fuel along the fluid path includes
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placing a valve in the fluid path for controlling the flow rate of the fuel in
the fluid path, and

electrically operating the valve based on the measured difference
between the sensed rotation speed of the electrical power source and the set
predetermined rotation speed.

6. The mobile fuel delivery vehicle of claim 5 including

dynamically moving the valve at least 5 degrees in less than about 50
milliseconds.

7. The mobile fuel delivery vehicle of claim 5 including

dynamically moving the valve from a fully opened position to a fully
closed position in less than about 1 second.

8. In a mobile fuel delivery vehicle, providing bulk aircraft fuel from
a pressurized fuel reservoir to an aircraft, a method of regulating electrical output of an

electrical power source, comprising the steps of:
(a) receiving the bulk aircraft fuel from the pressurized fuel reservoir;

(b) dividing the bulk aircraft fuel to flow along a primary fluid path and a
secondary fluid path;

(c) controlling flow rate of the fuel along the primary fluid path;

(d) fluidically rotating a shaft of the electrical power source in the
secondary fluid path in response to step (c);

(e) sensing rotation speed of the electrical power source by measuring

number of revolutions per a time period;

(f) setting a predetermined rotation speed for the electrical power

source,;

(g9) measuring a difference between the sensed rotation speed of step (e)

and the set predetermined rotation speed of step (f); and

(h) modifying the flow rate of the fuel along the primary fluid path based
on step (g) and, in turn, the electrical output of the electrical power source.

9. The mobile fuel delivery vehicle of claim 8 wherein

sensing the rotation speed of the electrical power source includes

coupling a speed sensor to the electrical power source, and
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directly sensing the number of revolutions per minute (RPM) of the
electrical power source.

10. The mobile fuel delivery vehicle of claim 8 including the step of:

supplying the electrical output from the electrical power source to devices

requiring electrical input signals in the vehicle.

11. The mobile fuel delivery vehicle of claim 8 wherein modifying the

flow rate of the fuel along the primary fluid path includes

placing a valve in the primary fluid path for controlling the flow rate of
the fuel in the primary fluid path, and

electrically operating the valve based on the measured difference
between the sensed rotation speed of the electrical power source and the set
predetermined rotation speed.

12. The mobile fuel delivery vehicle of claim 11 including

dynamically moving the valve at least 5 degrees in less than 50

milliseconds.
13. The mobile fuel delivery vehicle of claim 11 including

dynamically moving the valve from a fully opened position to a fully

closed position in less than 1 second.

14. In a mobile fuel delivery vehicle, providing bulk aircraft fuel from
a pressurized fuel reservoir to an aircraft, a method of regulating electrical output of an
alternator driven by a turbine, the method comprising the steps of:

(a) receiving the bulk aircraft fuel from the pressurized fuel reservoir;

(b) dividing the bulk fuel to flow along a primary fluid path and a
secondary fluid path;

(c) controlling flow rate of the fuel along the primary fluid path;

(d) fluidically rotating a shaft of the turbine in the secondary fluid path in
response to step (c);

(e) sensing rotation speed of the turbine;
(f) setting a predetermined rotation speed for the turbine;

(g) measuring a difference between the sensed rotation speed of step (e)
and the set predetermined rotation speed of step (f); and
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(h) modifying the flow rate of the fuel along the primary fluid path based

on step (g) and, in turn, the electrical output of the alternator.

15.  The fuel delivery system of claim 14 wherein controlling the
rotation speed of the turbine includes

executing a control loop algorithm in a programmable logic controller
(PLC).

16.  The fuel delivery system of claim 14 wherein controlling the
rotation speed of the turbine includes

controlling rotation speed of the turbine at nearly constant speed, at
varying pressures of fuel flowing in the primary fluid path and the secondary fluid path.

17. The fuel delivery system of claim 14 wherein controlling the
rotation speed of the turbine includes

controlling rotation speed of the turbine at nearly constant speed, at
varying output loads on the alternator driven by the turbine.

18.  The mobile fuel delivery vehicle of claim 14 wherein

sensing the rotation speed of the electrical power source includes

coupling a speed sensor to the electrical power source, and

directly sensing the number of revolutions per minute (RPM) of the

electrical power source.
19. The mobile fuel delivery vehicle of claim 14 including the step of:

supplying the electrical output from the electrical power source to devices

requiring electrical input signals in the vehicle.

20. The mobile fuel delivery vehicle of claim 14 wherein modifying the
flow rate of the fuel along the primary fluid path includes

placing a valve in the primary fluid path for controlling the flow rate of
the fuel in the primary fluid path, and

electrically operating the valve based on the measured difference
between the sensed rotation speed of the electrical power source and the set
predetermined rotation speed.

21. A mobile fuel delivery vehicle, providing bulk aircraft fuel from a

pressurized fuel reservoir to an aircraft, comprising

a fluid path receiving bulk aircraft fuel from the pressurized reservoir,
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a valve disposed in the fluid path for controlling flow rate of the bulk
aircraft fuel along the fluid path,

a turbine, for generating regulated electrical power, fluidically coupled to
the bulk aircraft fuel in the fluid path,

a rotation speed sensor sensing rotation speed of the turbine by

measuring number of revolutions per a time period,

a controller, coupled to the fluid path and the rotation speed sensor, for
controlling a predetermined rotation speed of the turbine,

wherein the controller controls the rotation speed of the turbine by
measuring a difference between the sensed rotation speed of the turbine and the
predetermined rotation speed of the turbine, and then modifying the flow rate of the
fuel along the fluid path by changing a position of the valve disposed in the fluid path.



PCT/US2005/016292

WO 2005/108789

1M

| 91

SUBSTITUTE SHEET (RULE 26)



PCT/US2005/016292

WO 2005/108789

211

HOILISDA H0 $3MO0d OAMIS N ¢ bl
g HO10M 0AY3S
JA90 ORESS 01 ¥)Va033 NOTLS0d ORESS vz -
7
%
1003040 316 AN IOUNOD KI0y O
10 NOILIS0 C8nSvav! G0
("I LGN 0608 9% I
10 NOILISOd Awgss |
SO S T S—N_ e
Ly 2X04d
1NANT NG |
1ALN0 TN T Q HOLYNA3L Y
JENR Y TY VY Y N .
ALY
N 001 0 TANY {LVaOL 75
[ NRdE IO
TS
IHM07 e TNINOIVIOY
e gy LI NYHOY0 //w
o ] S| — 2

Wdd NI (334S

SUBSTITUTE SHEET (RULE 26)



WO 2005/108789 PCT/US2005/016292

31
L00P
CALCULATION
SETPONT 5, EARORTERM CONTROL OVTPUT
+ —_
? PROGESS VARIABLE
(PV)
70

INPUT
TURBINE PROCESS PID
SETPOINT SET POINT CALCULATION
RPM INPUT
CONTROL
OUTPUT

QUTPUT
SIGNALTO
VALVE
ACTUATCR

FIG. 3B

SUBSTITUTE SHEET (RULE 26)



WO 2005/108789 PCT/US2005/016292

411

START ~-410 400

¥

INITIALIZE
VARIABLES

—— 411

\

HOME SERVO
412-71  pogrmioN

W

ANALOG TO DIGITAL
AND DIGITAL TO
ANALOG
CONVERSION

!

PID
CALCULATIONS [~ 414
[50ms

v

SECONDARY
SPEED
MONTORING |-—~415

1ms

~— 413

Y

SPEED AND
FAULT CONTROL [—416

FG. 4A

SUBSTITUTE SHEET (RULE 26)



WO 2005/108789 PCT/US2005/016292

o1

NIALZE |
s |47 400

\

SETPID
VARIABLES
-SET POINT |~ 420
GAIN

-RESET

-RATE

-SAMPLE RATE
-MANUAL POSITION

!

SET SECONDARY
42171 SPEED MONITOR
SAMPLE RATE

\
RESETALL
SPEED AND

FAULT CONTROL
SETTINGS

~-422

FIG. 4B

SUBSTITUTE SHEET (RULE 26)



WO 2005/108789

6/11

HOME
SERVO
POSITION

412

QUTPUT
ENABLE
SERVOD

430

431

432

433

FIG. 4C

SUBSTITUTE SHEET (RULE 26)

PCT/US2005/016292

400



WO 2005/108789

_ANALOGTO.

DIGITAL AND

DIGITALTO
ANALOG GONVERSION

DIVIDE ANALOGING
BY THE RESOLUTION

~ 441

v

MULTIPLY BY
FULL SCALE RPM

~—442

v

STORE VALUE
AS RPM-IN

~—-443

MULTIPLY BY FULL
SCALE VALVE POSITION

445

Y

STORE VALUE
AS OUT

~— 446

PCT/US2005/016292

400

447

INPUT
ANALOGING

MULTIPLY ANALOGING

BYTHERESOLUTION | 448

Y

STORE VALUE

ASPY ~—449

INPUT
PID
QuTPUT

450

MULTIPLY QUTPUT | 451
BY THE RESOLUTION

!

STORE VALUE
ASANALOGOUT | 452

FIG. 4D

SUBSTITUTE SHEET (RULE 26)



WO 2005/108789

PCT/US2005/016292

811

400

D
caClLATONS [ 414

SETPID
OUTPUT=
MANUAL
POSITION

MANUAL INPUT

7
o 45

453

PERFORM PID
CALCULATIONS {498

SUBSTITUTE SHEET (RULE 26)



WO 2005/108789

911

SECONDARY SPEED)

MONITORING ~415

INPUT

RPM2 460

\

ON POSITIVE TRANSITION
OF RPM 2 START
COUNTING EVERY IMS

!

STORE COUNT AND
RESET COUNTER
WHEN THE POSITIVE
TRANSITION OF RPM2
OCCURS AGAIN

461

462 —

1S
INC_TIME
<2000

YES

463

STOP

o

FG. 4F

SUBSTITUTE SHEET (RULE 26)

400

PCT/US2005/016292



WO 2005/108789 PCT/US2005/016292

1011

SPEED AND FAULTS
CONTROL ~-416

y

IF THE INCREMENTAL
TIMEIS=2000SET  |~470
"NO_SPEED" ON

¥

IF THE INCREMENTAL
TIME 1S <2000
SET THE RUNNING
TMERONUNTIL 471
DEADIN 1S OFF

v

F RUNNING TIMER
IS SET ON AND DEADIN IS
ON & RPM_IN 1S <100 OR |-~ 472
NO SPEED IS ON SET
NO_RPM ON

¥

IFRPM_INIS
>=2000 SET L~ 473
HIGH_HIGH ON

v GO TO:

WHEN THE DEADIN IS ON ANALOG TO DIGITAL
ANDLCR METER)  |~474 DIGALTOANALOG |
IN_PUT IS ON AND CONVERSIONS

HIGH_HIGH IS OFF AND 0
RDYIN IS ON AND 480
NO_RPM IS OFF,
TURN ON DEAD QUT

v

WHEN THEDEADIN  |~475
IS RELEASED, SET A
DEADOFF FLAG UNTIL
THE 5 SEC DEADOFF

DELAY TIVER IS ON FIG. 4G

400

47~

SET MANUAL
LATCH AND MOVE
MANUAL_POSITION [ |

T0 OUTPUT

A

SUBSTITUTE SHEET (RULE 26)



PCT/US2005/016292

WO 2005/108789

1M

4118

NOLLISOd 404 H3t0d OASZS A — mw_n_
JA780 GAY3S 01 ¥0VAG333 NOTEISOd OAYIS __s0ek T el
)
L) e VA TORINGD AUVLOY
NOIIS0d ORANSVAR OY01T a0l N—— /
LIGTHNI3N0Y0L gé%«
TR T0RINDD
W WACRD o
ETEE
R 1 sosvinsay
M40 OAYIS S10d1N0 3OVII0A
1IN0 INHG %Z_
_ SIBILLVa 0L
AQY3d INET J9Y110A
JT0HOL 90TV
RSO s
WALEIAND W] —
A0S US| — a0

00EL

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

