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(57) ABSTRACT

A method of controlling the fuel pressure within a fuel
delivery system having a fuel pump that delivers fuel to a
fuel rail of an internal combustion engine includes providing
a set-point fuel pressure, generating a feed forward signal
having a set of fuel pump motor control parameters based
upon the set-point fuel pressure and the desired fuel flow
rate, providing a pressure sensor to measure the fuel rail
pressure, comparing the fuel rail pressure to the set-point
fuel pressure and generating an error value based upon the
difference between the fuel rail pressure and the set-point
fuel pressure, providing a feed back controller adapted to
receive the error value and to generate a feed back control
signal, combining the feedback control signal and the feed
forward control signal to generate a motor controller signal.

18 Claims, 3 Drawing Sheets
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METHOD FOR CONTROLLING FUEL RAIL
PRESSURE

TECHNICAL FIELD

The present invention generally relates a method of
controlling the fuel pressure within the fuel rail of an internal
combustion engine.

BACKGROUND

Within an internal combustion engine fuel delivery
system, a fuel rail delivers fuel to fuel injectors that inject the
fuel into the cylinders of the engine. The pressure of the fuel
being injected through the fuel injectors is critical, therefore
it is important to keep the pressure within the fuel rail as
consistent as possible. Closed loop control systems for
controlling the fuel pressure within fuel rails have been
developed, but do not adapt to system variations such as

part-to-part tolerance differences and wear. Therefore, there 2

is a need for an improved method of controlling the fuel
pressure within the fuel rail of an internal combustion
engine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a first preferred embodiment
of a fuel rail delivery system of the present invention;

FIG. 2 is a schematic view of a second preferred embodi-
ment of a fuel rail delivery system of the present invention;

FIG. 3 is a control diagram illustrating the method of
controlling the fuel delivery system of the preferred embodi-
ment;

FIG. 4 is a control diagram for a variation of the first
preferred embodiment;

FIG. 5 is a control diagram similar to FIG. 4 wherein an
adaptive learning algorithm receives additional feedback
information; and

FIG. 6 is a control diagram for the second preferred
embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following description of the preferred embodiments
of the invention is not intended to limit the scope of the
invention to these preferred embodiments, but rather to
enable any person skilled in the art to make and use the
invention.

Referring to FIG. 1, a fuel delivery system 10 of the .

present invention includes a fuel rail 12 adapted to deliver
fuel to fuel injectors 14 of an internal combustion engine, a
fuel pump 16 adapted to deliver fuel to the fuel rail 12, a fuel
pressure sensor 18, and a fuel pump motor controller 20.
Referring to FIG. 3, the fuel pump motor controller 20 is
a processor that is adapted to control the fuel pump 16.
Mainly, the fuel pump motor controller 20 controls the speed
of a motor 15 that drives the fuel pump 16. The fuel pressure
sensor 18 measures the pressure within the fuel rail 12. The
fuel pump motor controller 20 receives the fuel pressure and
calculates the difference between a set-point pressure and
the fuel rail pressure, This difference is the fuel rail pressure
error signal 25 which is used to control the fuel pump speed.
The set-point pressure is the pressure at which the fuel
delivery system 10 works most efliciently. In order to
achieve proper fuel injection characteristics such as spray
penetration and spray pattern, it is important that the fuel
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delivered to the fuel injector nozzles 14 remains at the
appropriate pressure. This optimum pressure is the set-point
pressure, and is pre-determined based upon the injector
features and the specifications of the particular application.
A set-point pressure signal 21 is sent to the fuel pump motor
controller 20.

The fuel pump motor controller 20 calculates and outputs
a motor drive signal 31 to the fuel pump motor 15. The
motor drive signal 31 is calculated from the desired fuel
pressure and average fuel flow demand, and attempis to
drive the fuel pump motor 15 at a speed that will provide the
desired fuel pressure at the desired fuel flow rate.

The fuel pump motor controller 20 includes a feed for-
ward controller 22, a feedback controller 26, and a fuel
pump motor controller driver 30. The feed forward control-
ler 22 uses a function or algorithm, such as a look-up table
with an interpolation routine, to output a feed forward
control signal 23. The feed forward controller 22 inputs the
sel-point pressure and the average fuel flow demanded into
the function or algorithm and calculates the feed forward
control signal 23.

The fuel rail pressure error signal 25 is calculated by
subtracting the fuel pressure sensor signal 19 from the
set-point pressure signal 21. This calculation is performed
by a first summing junction 24. The fuel rail pressure error
signal 25 is input to the feed back controller 26. In turn, the
feed back controller 26 calculates a feed back control signal
27. The feed back controller 26 can be any suitable
controller, such as a Proportional Integration and Differen-
tial or model based controller.

The feed forward control signal 23 and the feed back
control signal 27 are summed in a second summing junction
28, thereby generating a motor controller signal 29. The fuel
pump motor controller driver 30 receives the motor control-
ler signal 29 and generates a motor drive signal 31 that
controls the speed of the fuel pump motor 15.

In a nominal fuel system with the desired fuel rail pressure
at a given fuel flow rate, the feed forward control signal 23
and the motor controller signal 29 would be the same. The
feed back controller 26 modifies the feed forward control
signal 23 to compensate for system variations due to part to
part tolerances and system aging, etc.

A first preferred embodiment of the invention is shown in
FIG. 3, wherein the fuel pressure sensor 18 is a relatively
low bandwidth sensor that is mounted onto the fuel rail 12
to directly measure the fuel pressure therein. Referring to
FIG. 4, in a variation of the first preferred embodiment, the
fuel pump motor controller 20 further includes an adaptive
learning controller 32 which uses an algorithm to monitor
the conditions of the fuel delivery system 10 and updates the
feed forward controller 22 when the system is operating in
a steady state condition.

The algorithm of the adaptive learning controller 32
receives the sel-point pressure signal 21, the average fuel
flow, the fuel rail pressure error 25, and the motor controller
signal 29 as inputs. The algorithm then compares the motor
controller signal 29 to the feed forward control signal 23
corresponding to the current set-point signal and the average
fuel flow within the feed forward controller 22, and updates
the values within the feed forward controller 22 appropri-
ately.

The algorithm of the adaptive learning controller 32
receives the error signal 25 and the feed forward controller

5 22 is only updated when the error has stabilized and is below

a pre-determined threshold. Referring to FIG. §,
additionally, the speed of the fuel pump 16 and the pressure
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from the pressure sensor 18 can also be received by the
adaptive learning controller 32 to provide additional param-
cters for more accurate updating of the feed forward con-
troller 22.

A second preferred embodiment is shown in FIG. 2,
wherein like elements are numbered the same as the first
preferred embodiment. The second preferred embodiment
includes a fuel pressure sensor 34 mounted at the fuel pump
16 to measure the fuel pressure within the fuel delivery
system 10 at the fuel pump 16. The fuel pressure sensor 34
of the second preferred embodiment is a relatively wide
bandwidth sensor.

Referring to FIG. 6, a fuel pump motor controller 36 of
the second preferred embodiment is similar to the fuel pump
motor controller 20 of the first preferred embodiment, how-
ever the second preferred embodiment also includes a fuel
system model 38, a low-pass filter 40, and a device 42 to
calculate the average fuel flow. The fuel system model 38
receives the fuel pressure as measured by the pressure sensor

34 at the fuel pump 16 and the fuel system model 38 -

estimates the fuel rail pressure based upon the pressure at the
fuel pump 16.

The wide bandwidth pressure sensor 34 will measure both
the average fuel pump outlet pressure as well as pressure
pulses caused by the opening and closing of the fuel injec-
tors 14. The low-pass filter 40 filters out pulses in the
pressure readings due to the opening and closing of the fuel
injectors 14, so the feed back controller 26 does not respond
to these injector pulsations. The fuel system model 38 can
also include input of the fuel rail 12 temperature. The
temperature of the fuel rail 12 influences the fuel rail
pressure estimation, so the fuel system model 38 can take
this temperature into consideration to more accurately
approximate the pressure within the fuel rail 12 based upon
the pressure measured at the fuel pump 16. The wide band
pressure from the pressure sensor 34 is also used by the
device 42 to calculate the average fuel flow. From the
pressure pulsations caused by the opening and closing of the
injectors, the injector frequency and on-time duration can be
obtained. By using this information along with the injector
flow rate, the average fuel How rale can be calculated,
thereby climinating the need for extemnal average fuel flow
information.

It is to be understood, that the processors, sensors, fuel
pump, and controllers are conventional devices that are
common in the industry and are described herein merely to
provide examples of how the method of the present inven-
tion can be practiced.

The foregoing discussion discloses and describes two

preferred embodiments. One skilled in the art will readily
recognize from such discussion, and from the accompanying
drawings and claims, that changes and modifications can be
made to the preferred embodiments without departing from
the true spirit and fair scope of the inventive concepts as
defined in the following claims. The preferred embodiments
have been described in an illustrative manner, and it is to be
understood that the terminology which has been used is
intended to be in the nature of words of description rather
than of limitation.

We claim:

1. A method of controlling the fuel pressure within a fuel
delivery system having a fuel pump which delivers fuel 1o a
fuel rail of an internal combustion engine comprising:

providing a set-point fuel pressure;

providing the estimated average fuel flow through the

system;
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generating a feed forward control signal based upon the
set-point fuel pressure and the average fuel flow;

measuring the fuel rail pressure with a fuel pressure

SENsor;

filtering the output of the fuel pressure sensor to filter out
pulses due to the opening and closing of the fuel
injectors;

comparing the fuel rail pressure to the set-point fuel
pressure and generating an error signal based upon the
difference between the fuel rail pressure and the set-
point fuel pressure; and

modifying the feed forward control signal based upon the
error signal thereby generating a motor controller sig-
nal and sending the motor control signal to the fuel
pump motor.

2. The method of claim 1 wherein generating a feed
forward control signal includes providing a feed forward
controller which provides established fuel pump motor
control parameters at particular set-point pressure and aver-
age [uel flow rate values, wherein the set-point pressure and
average fuel flow are input to the feed forward controller and
a feed forward control signal having set of corresponding
fuel pump motor control parameters is thereby generated.

3. The method of claim 1 further including:

comparing the motor control signal to the fuel pump
motor control parameters within the feed forward con-
troller which correspond to the set-point pressure and
the average fuel flow; and

updating the feed forward controller with new fuel pump
motor control parameters.

4. The method of claim 3 further including monitoring the
error signal, and updating the feed forward controller after
the error signal has stabilized and is below a pre-determined
level.

5. The method of claim 1 wherein measuring the fuel rail
pressure includes measuring the fuel pressure at the fuel
pump and estimating the fuel rail pressure based upon the
fuel pressure as measured at the fuel pump.

6. The method of claim 1 further including:

detecting pulses in the signal from the fuel pressure sensor
1o establish when the injectors open and close;

measuring the time between when an injector opens and
closes 1o determine how long the injector is open;

using the injector flow rate and the injector open time to
calculate the average fuel flow.

7. A fuel delivery system comprising:

a fuel rail adapted to deliver fuel to fuel injectors of an
automotive vehicle, a fuel pump adapted to deliver fuel
to said fuel rail, a fuel pressure sensor adapted to
measure the fuel rail pressure, a low-pass filter adapted
to filter the output of said fuel pressure sensor to filter
out pulses due to the opening and closing of the fuel
injectors, and a fuel pump motor controller having:

a feed forward controller adapted to provide a feed
forward signal having fuel pump motor control
parameters based upon a set-point fuel pressure and
the average fuel flow through said system;

a first summing junction adapted to compare the fuel
rail pressure to the sct-point fuel pressure and to
generate an error value based upon the difference
between the fuel rail pressure and the set-point fuel
pressure;

a feed back controller adapted to receive the error value
and to generate a feed back control signal;

a second summing junction adapted to receive the feed
back control signal from said feed back controller
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and the feed forward control signal from the feed
forward controller and to modify the fuel pump
motor control parameters of the feed forward control
signal based upon the feed back control signal to
generate a motor controller signal; and

a fuel pump motor controller driver adapted to receive
the motor controller signal and to control the speed
of said fuel pump based upon the motor controller
signal.

8. The fuel delivery system of claim 7 wherein said fuel
pressure sensor is mounted at said fuel rail to directly
measure the fuel pressure within said fuel rail.

9. The fuel delivery system of claim 7 wherein said feed
back controller is a proportional integration and differential
closed loop controller.

10. The fuel delivery system of claim 7 further including
an adaptive learning controller having an algorithm which is
adapted to monitor the conditions of the fuel delivery system
and to update said feed forward controller.

11. The fuel delivery system of claim 7 wherein said fuel 2

pressure sensor is mounted at said fuel pump to measure the
fuel pressure within the fuel delivery system at said fuel

pump.
12. The fuel delivery system of claim 11 further including

a fuel system model adapted to estimate the fuel pressure 2

within said fuel rail based upon the fuel pressure as mea-
sured at said fuel pump.

13. Amethod of controlling the fuel pressure within a fuel
delivery system having a fuel pump which delivers fuel to a

fuel rail and fuel injectors of an internal combustion engine :

comprising:

providing a set-point fuel pressure;

providing the estimated average fuel flow through the
system;

generating a feed forward control signal based upon the
set-point fuel pressure and the average fuel flow;

measuring the fuel rail pressure with a fuel pressure
SENSOT;

comparing the fuel rail pressure to the set-point fuel
pressure and generating an error signal based upon the
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difference between the fuel rail pressure and the set-
point fuel pressure;

modifying the feed forward control signal based upon the

error signal thereby generating a motor controller sig-
nal and sending the motor control signal to the fuel
pump motor;

detecting pulses in the signal from the fuel pressure sensor

to establish when the fuel injectors open and close;
measuring the time between when an injector opens and
closes to determine how long the injector is open;
using the injector flow rate and the injector open time to
calculate the average fuel flow.

14. The method of claim 13 wherein generating a feed
forward control signal includes providing a feed forward
controller which provides established fuel pump motor
control parameters at particular set-point pressure and aver-
age fuel flow rate values, wherein the set-point pressure and
average fuel flow are input to the feed forward controller and
a feed forward control signal having set of corresponding
fuel pump motor control parameters is thereby generated.

15. The method of claim 13 further including:

comparing the motor control signal to the fuel pump

motor control parameters within the feed forward con-
troller which correspond to the set-point pressure and
the average fuel flow; and

updating the feed forward controller with new fuel pump

motor control parameters.

16. The method of claim 15 further including monitoring
the error signal, and updating the feed forward controller
after the error signal has stabilized and is below a pre-
determined level.

17. The method of claim 13 wherein measuring the fuel
rail pressure includes measuring the fuel pressure at the fuel
pump and estimating the fuel rail pressure based upon the
fuel pressure as measured at the fuel pump.

18. The method of claim 13 further including filtering the
signal sent from the fuel pressure sensor to filter out pulses
due to the opening and closing of the fuel injectors.

* ¥ # ¥ *
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Attorney Docket No.: 10541-1227
Visteon Disclosure No.: V201-0890

METHOD FOR CONTROLLING FUEL RAIL PRESSURE

TECHNICAL FIELD
[0001] The present invention generally relates a method of controlling the fuel

pressure within the fuel rail of an internal combustion engine.

BACKGROUND
[0002] Within an internal combustion engine fuel delivery system, a fuel rail
delivers fuel to fuel injectors that inject the fuel into the cylinders of the engine. The
pressure of the fuel being injected through the fuel injectors is critical, therefore it is
important to keep the pressure within the fuel rail as consistent as possible. Closed
loop control systems for controlling the fuel pressure within fuel rails have been

developed, but do not adapt to system variations such as part-to-part tolerance

o differences and wear. Therefore, there is a need for an improved method of

controlling the fuel pressure within the fuel rail of an internal combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Figure 1 is a schematic view of a first preferred embodiment of a fuel
rail delivery system of the present invention;
[0004] Figure-2 is a schematic view of a second preferred embodiment of a
fuel rail delivery system of the present invention;
[0005] Figure }-'is a control diagram illustrating the method of controlling the

fuel delivery system of the preferred embodiment;
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[0006] Figure 4-is a control diagram for a variation of the first preferred
embodiment;
[0007] Figure 5 is a control diagram similar to Figure 4 wherein an adaptive

learning algorithm receives additional feedback information; and

[0008] Figure 6 is‘a control diagram for the second preferred embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

W n
- Ma -

[0009] The following description of the preferred embodiments of the invention

L

is not tntended to limit the scope of the invention to these preferred embodiments,

]
i

,.
Lot 4l

but rather to enable any person skilled in the art to make and use the invention.

Pt

ﬂ [0010] Referring to Figure 1, a fuel delivery system 10 of the present invention

o
I o

includes a fuel rail 12 adapted to deliver fuel to fuel injectors 14 of an internal

combustion engine, a fuel pump 16 adapted to deliver fuel to the fuel rail 12, a fuel

pressure sensor 18, and a fuel pump motor controller 20.

gy e e gy

Ll

[0011] Referring to Figure 3, the fuel pump motor controller 20 is a processor
that is adapted to control the fuel pump 16. Mainly, the fuel pump motor controller
20 controls the speed of a motor 15 that drives the fuel pump 16. The fuel pressure
sensor 18 measures the pressure within the fuel rail 12. The fuel pump motor
confroller 20 receives the fuel pressure and calculates the difference between a set-
point pressure and the fuel rail pressure. This difference is the fuel rail pressure
error signal 25 which is used to control the fuel pump speed.

[0012] The set-point pressure is the pressure at which the fuel delivery
system 10 works most efficiently. In order to achieve proper fuel injection

characteristics such as spray penetration and spray pattern, it is important that the
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fuel delivered to the fuel injector nozzles 14 remains at the appropriate pressure.
This optimum pressure is the set-point pressure, and is pre-determined based upon
the injector features and the specifications of the particular application. A set-point
pressure signal 21 is sent to the fuel pump motor controller 20.
[0013] The fuel pump motor controller 20 calculates and outputs a motor drive
signal 31 to the fuel pump motor 15. The motor drive signal 31 is calculated from
the desired fuel pressure and average fuel flow demand, and attempts to drive the
p fuel pump motor 15 at a speed that will provide the desired fuel pressure at the
desired fuel flow rate.
[0014] The fuel pump motor controller 20 includes a feed forward controller

22, a feedback controller 26, and a fuel pump motor controller driver 30. The feed

forward controller 22 uses a function or algorithm, such as a look-up table with an

[u—

interpolation routine, to output a feed forward control signal 23. The feed forward

= controller 22 inputs the set-point pressure and the average fuel flow demanded into

oy

the function or algorithm and calculates the feed forward control signal 23.

[0015] The fuel rail pressure error signal 25 is calculated by subtracting the
fuel pressure sensor signal 19 from the set-point pressure signal 21. This
calculation is performed by a first summing junction 24. The fuel rail pressure error
signal 25 is input to the feed back controller 26. In turn, the feed back controller 26
calculates a feed back control signal 27. The feed back controller 26 can be any
suitable controller, such as a Proportional Integration and Differential or model
based controller.

[0016] The feed forward control signal 23 and the feed back control signal 27

are summed in a second summing junction 28, thereby generating a motor controller
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signal 29. The fuel pump motor controller driver 30 receives the motor controller
signal 29 and generates a motor drive signal 31 that controls the speed of the fuel
pump motor 15.
[0017] In a nominal fuel system with the desired fuel rail pressure at a given
fuel flow rate, the feed forward control signal 23 and the motor controller signal 29
would be the same. The feed back controller 26 modifies the feed forward control
signal 23 to compensate for system variations due to part to part tolerances and
bt system aging, etc.
[0018] A first preferred embodiment of the invention is shown in Figure 3,
wherein the fuel pressure sensor 18 is a relatively low bandwidth sensor that is
mounted onto the fuel rail 12 to directly measure the fuel pressure therein. Referring
to Fig;re 4, in a variation of the first preferred embodiment, the fuel pump motor

controller 20 further includes an adaptive learning controller 32 which uses an

algorithm to monitor the conditions of the fuel delivery system 10 and updates the
I feed forward controller 22 when the system is operating in a steady state condition.
The algorithm of the adaptive learning controller 32 receives the set-point pressure
signal 21, the average fuel flow, the fuel rail pressure error 25, and the motor
controller signal 29 as inputs. The algorithm then compares the motor controller
signal 29 to the feed forward control signal 23 corresponding to the current set-point
signal and the average fuel flow within the feed forward controller 22, and updates
the values within the feed forward controller 22 appropriately.

[0019] The algorithm of the adaptive learning controller 32 receives ’lhe error
signal 25 and the feed forward controller 22 is only updated when the error has

stabilized and is below a pre-determined threshold. Referring to Figure 5,

4
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additionally, the speed of the fuel pump 16 and the pressure from the pressure
sensor 18 can also be received by the adaptive learning contr;:\ller 32 to provide
additional parameters for more accurate updating of the feed forward controller 22.
[0020] A second preferred embodiment is shown in Figure 2, wherein like
elements are numbered the same as the first preferred embodiment. The second
preferred embodiment includes a fuel pressure sensor 34 mounted at the fuel pump
16 to measure the fuel pressure within the fuel delivery system 10 at the fuel pump
i 16. The fuel pressure sensor 34 of the second preferred embodiment is a relatively
: wide bandwidth sensor.

;n [0021] Referring to Figure 6, a fuel pump motor controller 36 of the second
preferred embodiment is similar to the fuel pump motor controller 20 of the first
preferred embodiment, however the second preferred embodiment also includes a
fuel system model 38, a low-pass filter 40, and a device 42 to calculate the average

fuel flow. The fuel system model 38 receives the fuel pressure as measured by the

pressure sensor 34 at the fuel pump 16 and the fuel system model 38 estimates the
fuel rail pressure based upon the pressure at the fuel pump 16.

[0022] The wide bandwidth pressure sensor 34 will measure both the average
fuel pump outlet pressure as well as pressure pulses caused by the opening and
closing of the fuel injectors 14. The low-pass filter 40 filters out pulses in the
pressure readings due to the opening and closing of the fuel injectors 14, so the feed
back controller 26 does not respond to these injector pulsations. The fuel system
model 38 can also include input of the fuel rail 12 temperature. The temperature of
the fuel rail 12 influences the fuel rail pressure estimation, so the fuel system model

38 can take this temperature into consideration to more accurately approximate the

5
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pressure within the fuel rail 12 based upon the pressure measured at the fuel pump
16. The wide band pressure from the pressure sensor 34 is also used by the device
42 to calculate the average fuel flow. From the pressure pulsations caused by the
opening and closing of the injectors, the injector frequency and on-time duration can
be obtained. By using this information along with the injector flow rate, the average
fuel flow rate can be calculated, thereby eliminating the need for external average
fuel flow information.

[0023] It is to be understood, that the processors, sensors, fuel pump, and
confrollers are conventional devices that are common in the industry and are
described herein merely to provide examples of how the method of the present
invention can be practiced.

[0024] The foregoing discussion discloses and describes two preferred

embodiments. One skilled in the art will readily recognize from such discussion, and

b from the accompanying drawings and claims, that changes and modifications can be
made to the preferred embodiments without departing from the true spirit and fair
scope of the inventive concepts as defined in the following claims. The preferred
embodiments have been described in an illustrative manner, and it is to be
understood that the terminology which has been used is intended to be in the nature

of words of description rather than of limitation.
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CLAIMS
We Claim:
= 1. A method of controlling the fuel pressufe within a fuel delivery system
%ving a fuel pump which delivers fuel to a fuelfail of an internal combustion engine
comprising:

providing a set-point fuel pressurg;
providing the estimated average fuel flow through the system;

generating a feed forwafd control signal based upon the set-point fuel

-;-
]

pressure and the average fuef flow;

measuring the fuel fail pressure;

comparing the fdel rail pressure to the set-point fuel pressure and generating

! an error signal basgd upon the difference between the fuel rail pressure and the set-

e B el B e B B I Rl

i

i point fuel pressuyfe;
£
4

modifying the feed forward control signal based upon the error signal thereby

G i
Haet Lt ol

2. The method of claim 1 wherein generating a feed forward control

signal includes providing a feed forward controller which provides established fuel
pump motor confrol parameters at particular set-point pressure and average fuel
flow rate values, wherein the set-point pressure and average fuel flow are input to
the feed forward controller and a feed forward confrol signal having set of

corresponding fuel pump motor control parameters is thereby generated.
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3. The method of claim 1 further including:

comparing the motor control signal to the fuel pump motor control parameters
within the feed forward controller which correspond to the set-point pressure and the
average fuel flow; and

ubdating the feed forward controller with new fuel pump motor control

parameters.

4. The method of claim 3 further including monitoring the error signal, and
updating the feed forward controller after the error signal has stabilized and is below

a pre-determined level.

5. The method of claim 1 wherein measuring the fuel rail pressure

includes measuring the fuel pressure at the fuel pump and estimating the fuel rail

pressure based upon the fuel pressure as measured at the fuel pump.
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ow rate and the injector open time to calculate the average

&/9 using the inject

fuel flow.
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- 8. A fuel delivery systersl comprising:

a fuel rail adapted to deliver fuel to fuel injectors of an automotive vehicle, a
fuel pump adapted to deliver flel to said fuel rail, a fuel pressure sensor, and a fuel
pump motor controller having:

a feed forward contyoller adapted to provide a feed forward signal having fuel
pump motor control pafameters based upon a set-point fuel pressure and the
average fuel flow-through sajd system;

a first summing junction adapted to compare the fuel rail pressure to the set-
point fuel pressure/and to generate an error value based upon the difference
betwegn the fuel rdil pressure and the set-point fuel pressure;

a feed bagk controller adapted to receive the error value and to generate a
feed back contrgl signal;

a second summing junction adapted to receive the feed back control signal
from said feed back controller and the feed forward control signal from the feed

forward contyoller and to modify the fuel pump motor control parameters of the feed

forward conftrol signal based upon the feed back control signal to generate a motor
controller gignal; and
a/fuel pump motor controller driver adapted to receive the motor controller

nd to control the speed of said fuel pump based upon the motor controller

B
—9-  The fuel delivery system of ciaim:&-wherein said fuel pressure sensor

is mounted at said fuel rail to directly measure the fuel pressure within said fuel rail.

10
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"I T
-8 The fuel delivery system of claim-8-wherein said feed back controller is

a proportional integration and differential closed loop controller.

106 T
“+4  The fuel delivery system of claim—8- further including an adaptive
learning controller having an algorithm which is adapted to monitor the conditions of

the fuel delivery system and to update said feed forward controller.

1 1
o 427 The fuel delivery system of claim-8-wherein said fuel pressure sensor
£
Pk is mounted at said fuel pump to measyre the fuel pressure within the fuel delivery
& '
{ system at said fuel pump.
Lad V2 il
s 43~ The fuel delivery system of claim 42 further including a fuel system

model adapted to estimate the fuel pressure within said fuel rail based upon the fuel

pressure as measured at said fuel pump.

11
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ABSTRACT
A method of controlling the fuel pressure within a fuel delivery system having =
a fuel pump that delivers fuel to a fuel rail of an internal combustion engine includes
providing a set-point fuel pressure, generating a feed forward signal having a set of
fuel pump motor control parameters based upon the set-point fuel pressure and the
desired fuel flow rate, providing a pressure sensor to measure the fuel rail pressure,
comparing the fuel rail pressure to the set-point fuel pressure and generating an
error value based upon the difference between the fuel rail pressure and the set-
point fuel pressure, providing a feed back controller adapted to receive the error
value and to generate a feed back control signal, combining the feedback control

signal‘and the feed forward control signal to generate a motor controller signal.

12
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DECLARATION AND POWER OF ATTORNEY ORIGINAL APPLICATION
As a below named Inventor, | hereby declare:
My residence, post office address and citizenship are as stated below next to my name;

| believe | am the original, first and sole inventor or an original, first and joint inventor of the subject matter
that is ¢claimed and for which a patent is sought on the invention entitled:

METHOD FOR CONTROLLING FUEL RAIL PRESSURE
the specification of which (check one)

X_ is attached hereto,

was filed on as United States Application Serial No. and was amended on (if

applicable).

| acknowledge my duty to disclose to the United States Patent and Trademark Office all information that |
know to be material to the patentability of this application as defined in Title 37 C.F.R. § 1.56.

1 hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or Section
365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of any PCT
International application which designated at least one country other than the United States, listed below
and have also identified below, by checking the box, any foreign application for patent or inventor's
certificate or PCT International application having a filing date before that of the application on which
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Prior Foreign Application(s): Priority Not Claimed
- O
(Number) (Country) (Filing Date)
= O
(Number) (Country) (Filing Date)
ad
(Number) (Country) (Filing Date)

| hereby claim the benefit under 35 U.S. C. Section 119(e) of any United States provisional application(s)
listed below:

(Application Serial No.)

(Filing Date)

(Application Serial No.)

(Filing Date)
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(Filing Date)
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| hereby claim the benefit L.  * 35 U.S.C. Section 120 of any United State: lications(s), or Section
365(c) of any PCT International Application designating the United States, liswwd below and, insofar as
the subject matter of each of the claims of this application is not disclosed in the prior United States or
PCT International application in the manner provided by the first paragraph of 35 U.S.C. Section 112, |
acknowledge the duty to disclose to the United States Patent and Trademark Office all information known
o me to be material to patentability as defined in Title 37, C.F.R., Section 1.56 which became available
between the filing date of the prior application and the national or PCT International filing date of this

application.

(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned)
(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned)
(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned)

| hereby declare that all statements made herein of my own knowledge are frue and that all statements
made on information and belief are believed to be true; and further that these statements were made with
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment,
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements
may jeopardize the validity of the application or any patent issued thereon.

POWER OF ATTORNEY: As a named inventor, | hereby appoint the following attorneys, agents, and
each shareholder, atterney of counsel, associate, and employee of Brinks Hofer Gilson & Lione, who is a
registered Patent Attorney or registered Patent Agent, my attorney with full power of substitution and
revocation to prosecute this application and transact all business in the United States Patent and
Trademark Office connected therewith and to act on my behalf before the competent International
Authorities in connection with any and all international applications filed by me.

Steven L. Oberholtzer, Reg, No. 30,670 J. Matthew Buchanan, Reg. No. 47,459
David D. Murray, Reg. No. 28,647 Sujatha Subramaniam, Reg. No. 48,738
James E. Stephenson, Reg. No, 17,191 Douglas D, Fekete, Reg. No. 29,065
Eric J. Sosenko, Reg. No, 34,440 Lawrence G. Almeda, Reg. No. 46,151
Jeffrey M. Cox, Reg. No. 42 445 Larry |. Shelton, Reg. No, 45,100
Raymond J, Vivacqua, Reg. No. 45 389 John Kajander, Reg. No, 47 683
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Chicago, IL 60610
(734) 302-8000
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[J The drawing(s) filed on Is/are objected to by the Examiner.

[1 The specification is objected to by the Examiner.

[] The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119 (a)~(d)

[l Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 11 9(a)-(d).
1T Al [0 Some* [ None of the CERTIFIED copies of the priority documents have been
(] received.
O received in Application No. (Series Code/Serial Number)
[ received in this national stage application from the International Bureau (PCT Rule 1 7.2(a)).

*Certified copies not received:
Attachment(s)

[ Information Disclosure Statement(s), PTO-1449, PaperNo{s). —— [linterview Summary, PTO-413 |

WNoﬂce of References Cited, PTO-892 [ Notice of informal Patent Application, PTO-152

] Notice of Draftsperson’'s Patent Drawing Review, PTO-948 [ Other

Office Action Summary

L. S. Patent and Trademark Office
PTO-326 (Rov. 397 *ULS. GPO; 1997-417-381/62710 Part of Paper No.
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The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 1-3, 8 and 10-11 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Frischmuth in view of Buchland.

Frischmuth describes in detail a feed forward and feedback system which uses
@_l flow and set-point pressure as inputs to the feed forward control (column 3, lines
43-53). Frischimuth also includes applicant’s two summing junctions, a PID control (224)
and implies an algorithm’to update the feed forward confroller.

Buchland teaches a feed forward fuel control which looks at average fuel flow to
determine fuel flow. This is common in the art, thus making it obvious to look at an
average fuel flow to calculate the feed forward control of Frischmuth.

Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Frischmuth and Buchland as applied to claim 3 above, and further in view of Holmes.

Holmes looks at fuel pressure errors, determines if there is a transient condition
in existence and uses a formula to determine that the error has stabilized, thus making
this an obvious transient condition feature to use in Frischmuth.

Claims 5 and 12-13 rejected under 35 U.S.C. 103(a) as being unpatentable over
Frischmuth and Buchland as applied to claim 1 above, and further in view of Yoshiume.

Yoshiume looks at pump pressure output at the pump (as determined from pump

speed) and estimates fuel rail pressure from this data.
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It would have been obvious to sense the rail pressure as taught by Yoshiume
since the need to compensate for rail geometry in determining actual rail pressure had
been recognized by Yoshiume.

Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Frischmuth and Buchland as applied to claim 1 above, and further in view of Oda.

Oda teaches the conventional location for a rail pressure sensor (at the end of
the rail), thus making this an obvious location for the sensor of Frischmuth.

Claim 6-7 and 14 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.

The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.

arl S. Miller ("\

Primary Examinal
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FORM PTO-892 U.S. DEPARTMENT OF COMMERCE SERIAL NO. GROUPART | ATTACHMENT
PATENT AND TRADEMARK OFFICE UNIT TO PAPER NO. 2
10/108093 3747
NOTICE OF REFERENCES CITED APPLICANT(S)
Moran et al

U.S. PATENT DOCUMENTS

* DOCUMENT NO. DATE NAME CLASS C%{%‘S %ﬂ'}'g

A 5,579,738 12/1996 Frischmuth et al. 123 497

B 6,349,700 2/2002 Buckland et al. 123 352

C 6,293,757 9/2001 Oda et al. 417 53

D | 5,819,709 10/1998 Holmes et al 123 497

E 6,223,731 5/2001 Yoshiume et al. 123 497

F 5,237,975 8/1993 Betki et al. 123 497

G

H

{

2 — |

K

FOREIGN PATENT DOCUMENTS \

* DOCUMENT NO. DATE COUNTRY NAME CLASS C‘T’_L;{%’s

L

M

N

(o)

P

Q -

OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)

U

EXAMINER DATE
Carl S. Milier September 30, 2002 FormB92ccs2106b

* A copy of this reference is not being furnished with this office action.
(See Manual of Patent Examining Procedure, section 707.05(a).)
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™ \3@ Attorney Docket No.: 10541-1227 </L
i
X .&mmﬁ.ﬂ" IN THE UNITED STATES PATENT AND TRADEMARK OFFICE /./&fj&
Al
In re Application of: / CZ ol
(vt

MORAN, et al.

Serial No.:  10/108,093 Examiner: Carl Stuart Miller

Filing Date: 27 March 2002 Group Art Unit No.: 3747

Title: METHOD FOR CONTROLLING

FUEL RAIL PRESSURE
CERTIFICATE OF MAILING

| hereby certify that this correspondence is being deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed fo Box Non-Fee Amendment,
Commissioner for Patents, U.S. Patent and Trademark Office, Washington, DC 20231 on

08 January 2003.

)

AMENDMENT AND RESPONSE TO OFFICE ACTION

Box Non-Fee Amendment

Commissioner for Patents REC ElVED

U.S. Patent and Trademark Office
Washington, D.C. 20231 JAN 1 6 2003

TECHNOLOGY CENTER R3700
Dear Sir:

In response to the Office Action dated 10 October 2002, Applicants have
timely filed this Amendment by Certificate of Mailing. Applicants respectfully request
the Examiner to withdraw the objections and rejections to this application and to
grant allowance of this Application in view of the following remarks and amended

claims.
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Please amend this application as follows:

In the Claims: 7
Please delete Claims 6 and 14.

Please add new Claims 15/-20,,’v.vhfch are fully supported by the original
specification.

Please amend Claims 1, 7 and 8. A marked up copy of the amended claims
illustrating the amendments appears in Appendix A, with brackets for deleted matter
and underlines for added matter. A clean copy of the amended claim appears

below.

1 (AMENDED) A method of controlling the fuel pressure within a fuel
delivery s;stem having a fuel pump which delivers fuel to a fuel rail of an internal
combustion engine comprising:

’/( providing a set-point fuel pressure;
19// providing the estimated average fuel flow through the system;

generating a feed forward control signal based upon the set-point fuel
pressure and the average fuel flow;

measuring the fuel rail pressure with a fuel pressure sensor;

filtering the output of the fuel pressure sensor to filter out pulses due to the
opening and closing of the fuel injectors;

comparing the fuel rail pressure to the set-point fuel pressure and generating

an error signal based upon the difference between the fuel rail pressure and the set-

point fuel pressure; and

0.

Pagedsof71  IPR2023-01233 - Petitioner - Exhibit 1002



U.S.8.N.: 10/108,083

modifying the feed forward control signal based upon the error signal thereby
ﬁ/} generating a motor controller signal and sending the motor control signal to the fuel

pump motor.

Lo
—T- (AMENDED) The method of claim 1 further including:

detecting pulses in the signal from the fuel pressure sensor to establish when
the injectors open and close;

0\5 measuring the time between when an injector opens and closes to determine
how long the injector is open;

usigg the injector flow rate and the injector open time to calculate the average

fuel flow.

j&r (AMENDED) A fuel delivery system comprising:

a fuel rail adapted to deliver fuel to fuel injectors of an automotive vehicle, a
fuel pump adapted to deliver fuel to said fuel rail, a fuel pressure sensor adapted to
measure the fuel rail pressure, a low-pass filter adapted to filter the output of said
fuel pressure sensor to filter out pulses due to the opening and closing of the fuel
injectors, and a fuel pump motor controller having:

a feed forward controller adapted to provide a feed forward signal having fuel
pump motor control parameters based upon a set-point fuel pressure and the
average fuel flow through said system;

a first summing junction adapted to compare the fuel rail pressure to the set-
point fuel pressure and to generate an error value based upon the difference
between the fuel rail pressure and the set-point fuel pressure;

i3

v .‘= -’1
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a feed back controller adapted to receive the error value and to generate a
feed back control signal;

a second summing junction adapted to receive the feed back control signal
from said feed back controller and the feed forward control signal from the feed
forward controller and to modify the fuel pump motor control parameters of the feed
forward control signal based upon the feed back control signal to generate a motor
controller signal; and

a fuel pump motor controller driver adapted to receive the motor controller
signal and to control the speed of said fuel pump based upon the motor controller

signal.

1245 (NEW) A method of controlling the fuel pressure within a fuel de!ivery_
system having a fuel pump which delivers fuel to a fuel rail and fuel injectors of an
internal combustion engine comprising:

providing a set-point fuel pressure;

providing the estimated average fuel flow through the system;

generating a feed forward control signal based upon the set-point fuel
pressure and the average fuel flow;

measuring the fuel rail pressure with a fuel pressure sensor,

comparing the fuel rail pressure to the set-point fuel pressure and generating
an error signal based upon the difference between the fuel rail pressure and the set-

point fuel pressure;
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modifying the feed forward control signal based upon the error signal thereby
generating a motor controller signal and sending the motor control signal to the fuel
pump motor,;

detecting pulses in the signal from the fuel pressure sensor to establish when
the fuel injectors open and close;

measuring the time between when an injector opens and closes to determine
how long the injector is open;

using the injector flow rate and the injector open time to calculate the average
fuel flow.

14 =]

46:  (NEW) The method of claim 45 wherein generating a feed forward
control signal includes providing a feed forward controller which provides established
fuel pump motor control parameters at particular set-point pressure and average fuel
flow rate values, wherein the set-point pressure and average fuel flow are input to
the feed forward controller and a feed forward control signal having set of
corresponding fuel pump motor control parameters is thereby generated.

(= £
= (NEW) The method of claim 45 further including:

comparing the motor control signal to the fuel pump motor control parameters
within the feed forward controller which correspond to the set-point pressure and the
average fuel flow; and

updating the feed forward controller with new fuel pump motor control

parameters.
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e =)
48 (NEW) The method of claim 47 further including monitoring the error

signal, and updating the feed forward controller after the error signal has stabilized
and is below a pre-determined level.

1 12
49.  (NEW) The method of claim 45 wherein measuring the fuel rail
pressure includes measuring the fuel pressure at the fuel pump and estimating the

fuel rail pressure based upon the fuel pressure as measured at the fuel pump.

(B 1>
28: (NEW) The method of claim 46-further including filtering the signal

sent from the fuel pressure sensor to filter out pulses due to the opening and closing

of the fuel injectors.

REMARKS
Claims 1-5, 7-13, are pending in the application. Claims 6 and 14 have been

cancelled. Claims 1, 7, and 8 have been amended. New Claims 15-20 have been
added to the application. Of those claims, the Applicants gratefully acknowledge the

indication by the Examiner of allowable subject matter in Claims 6, 7, and 14.

Rejections Under 35 USC §103

The Examiner has rejected Claims 1-3, 8 and 10-11 under 35 USC §103(a) as
being unpatentable over Frischmuth in view of Buchland,;
Claim 4 has been rejected under 35 USC §103(a) as being unpatentable over

Frischmuth and Buchland as applied to claim 3 above, and further in vie of Holmes;
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Claims 5 and 12-13 have been rejected under 35 USC §103(a) as being
unpatentable over Frischmuth and Buchland as applied to claim 1 above, and further
in vie of Yoshiume; and

Claim 9 has been rejected under 35 USC §103(a) as being unpatentable over
Frischmuth and Buchland as applied to claim 1 above, and further in vie of Oda.

The Applicant's have amended Claim 1 to include the limitations of Claim 6 as
suggested by the Examiner, and have amended Claim 8 to include the limitations of
Claim 14 as suggested by the Examiner, and therefore respectfully request that the

Examiner reconsider and withdraw these rejections under 35 USC §103(a).

SUMMARY

The Applicants assert that pending Claims 1-5, 7-13, and new Claims 15-20
are patentable. Applicants respectiully request the Examiner grant early allowance
of these claims. The Examiner is invited to contact the undersigned attorneys for the

Applicants via telephone if such communication would expedite this application.

Respectfully submitted,

Dated: 08 January 2003

Attorney for Applicants

BRINKS HOFER GILSON & LIONE
P.O. Box 10395

Chicago, IL 60610

Telephone: (734) 302-6000
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APPENDIX A

2 (AMENDED) A method of controlling the fuel pressure within a fuel
delivery system having a fuel pump which delivers fuel to a fuel rail of an internal
combustion engine comprising:
providing a set-point fuel pressure;
providing the estimated average fuel flow through the system;
generating a feed forward control signal based upon the set-point fuel
pressure and the average fuel flow;
measuring the fuel rail pressure with a fuel pressure sensor; '

filtering the output of the fuel pressure sensor to filter out pulses due to the |

opening and closing of the fuel injectors;

comparing the fuel rail pressure to the set-point fuel pressure and generating
an error signal based upon the difference between the fuel rail pressure and the set-
point fuel pressure; and

modifying the feed forward control signal based upon the error signal thereby
generating a motor controller signal and sending the motor control signal to the fuel

pump motor.

7. (AMENDED) The method of claim 1 [5] further including:

detecting pulses in the signal from the fuel pressure sensor to establish when
the injectors open and close;

measuring the time between when an injector opens and closes to determine

how long the injector is open;
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using the injector flow rate and the injector open time to calculate the average

fuel flow.

8. (AMENDED) A fuel delivery system comprising:
a fuel rail adapted to deliver fuel to fuel injectors of an automotive vehicle, a
fuel pump adapted to deliver fuel to said fuel rail, a fuel pressure sensor adapted to

measure the fuel rail pressure, a low-pass filter adapted to filter the output of said

fuel pressure sensor to filter out pulses due to the opening and closing of the fuel

injectors, and a fuel pump motor controller having:

a feed forward controller adapted to provide a feed forward signal having fuel
pump mot;r control parameters based upon a set-point fuel pressure and the
average fuel flow through said system;

a first summing junction adapted to compare the fuel rail pressure to the set-
point fuel pressure and to generate an error value based upon the difference
between the fuel rail pressure and the set-point fuel pressure;

a feed back controller adapted to receive the error value and to generate a
feed back control signal;

a second summing junction adapted to receive the feed back control signal
from said feed back controller and the feed forward control signal from the feed
forward controller and to modify the fuel pump motor control parameters of the feed

forward control signal based upon the feed back control signal to generate a motor

controller signal; and

[P
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a fuel pump motor controller driver adapted to receive the motor controller
signal and to control the speed of said fuel pump based upon the motor controller

signal.

-10-

£
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Application No. Applicant(s)

; - 10/108,093 MORAN ET AL.
Notice of Allowability Evariaer Art Unit
Carl_S. Miller 3747

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [ This communication is responsive to 1/13/03 amendment .
2. E The allowed claim(s) is/are 1-5,7-13 and 15-20.
3. IX] The drawings filed on 27 March 2002 are accepted by the Examiner.
4. [1 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome* ¢)[]MNone of the:
1. [] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _____
5. [[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) [[] The translation of the foreign language provisional application has been received.
6. [] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements noted
below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE

7. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. [] CORRECTED DRAWINGS must be submitted.
(a) O including changes required by the Notice of Draftsperson’s Patent Drawing Review { PTO-848) attached
1) [ hereto or 2) [] to Paper No. ___.
(b) O including changes required by the proposed drawing correction filed __, which has been approved by the Examiner.
(¢) ] including changes required by the attached Examiner's Amendment / Comment or in the Office action of PaperNo. .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Officlal Draftsperson.

9. [[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1[0 Notice of References Cited (PTO-892) 2[] Notice of Informal Patent Application (PTO-152)
3[7] Notice of Draftperson's Patent Drawing Review (PTO-948) 4[] Interview Summary (PTO-413), Paper No. a
5[] Information Disclosure Statements (PTO-1449), Paper No. 3 6] Examiner's Amendment/Comment
70 Examiner's Comment Regarding Requirement for Deposit 8[C] Examiner's Statement of Reagpris for Allowance
of Biological Material 9[] Other
Carl S. Miller

Primary Examinsr
U.S. Palent and Trademark Office
PTO-37 (Rev. 04-01) Notice of Allowability Part of Paper No. 5
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PROSECUTION ON THE MERITS IS CLOSED, THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
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IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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other than the apgh::m:, a registered attorne ent; or the a.ss:gnae or_other party in
interest as shown by the records of the Umled m,es tent and Trademark Office.

This coll of 37 CFR. 1.311. The information 1s required to
obtain or retain a benefit by l.hc pu]ahc whlch IS ] ﬂl: (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is

estimated to take 12 minutes to com lete, w:ludm reparing, and submitting the
completed application form to th 6 PTO, Timeswgl?fhvary : nding upon the md.lr\l'%dual
case. Any comments on the mm)unt of time you re to complete this or

i
suggestions for wducug this burdcn, should bc::mrtgq&e Chief Information Officer, U.S.
Patent and Tradem: rceé,o ?Eemn:m of Commerce Washme D.C 2023f DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO:
Commissioner for Patents, Washington, DC 20231,

Una:r the Paperwork Reduction Act of 1995, sons are required to d to a
fupc unless it displays a vafid OM%ef:ontrol number, q’u i

TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033
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g 2 UniTED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEFARTMENT OF COMMERCE
United Statos Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20281

Www.LBpLo §oY

| apeLicaTiON MO, FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATIONNO. |
10/108,003 03/27/2002 Kevin David Moran 10541-1227 1745
EXAMINER
7500 03/19/2003 l —l

Steven L. Oberholtzer

BRINKS HOFER GILSON & LIONE
P.O. Box 10395

Chicago, IL 60610

MILLER, CARL STUART

| artuwim |

3747

PAPER NUMBER |

DATE MAILED: 03/15/2003

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The patent term adjustment to date is 0 days. If the issue fee is paid on the date that is three months after the mailing

date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after

the mailing date of this notice, the term adjustment will be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) system. (http://pair.uspto.gov)

Any questions regarding the patent term extension or adjustment determination should be directed to the Office of

Patent Legal Administration at (703)305-1383.

Page 3 of 4
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004.
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UniTED STATES PaTENT AND TRADEMARK OFFICE

UNITED STATES DEFARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

W uspte, gov

| aprucamonwo. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATIONNO. |
10/108,093 03/27/2002 Kevin David Moran 10541-1227 1745
7500 03/19/72003 [ FLAMDIER |
Steven L. Oberholtzer MILLER, CARL STUART
BRINKS HOFER GILSON & LIONE
P.0. Box 10395 | ART UNIT | rarmrnumeeR |
Chicago, IL 60610 31747
UNITED STATES

DATE MAILED: 03/19/2003

Notice of Fee Increase on January 1, 2003

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after January 1, 2003, then the
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there will be an increase

in fees effective on January 1, 2003, See Revision of Patent and Trademark Fees for Fiscal Year 2003; Final Rule, 67 Fed.
Reg. 70847, 70849 (November 27, 2002).

The current fee schedule is accessible from: http://www.uspto.gov/main/howtofees.htm,

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount
in view of the fee increase, a "Notice to Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice of
Allowance and Fee(s) due form is to be filed on or after January 1, 2003 (or mailed with a certificate of mailing on or
after January 1, 2003), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
previously-paid issue fee to the issue fee now due, then the difference between the issue fee amount at the time the

response is filed and the previously paid issue fee should be paid. See Manual of Patent Examining Procedure, Section
1308.01 (Eighth Edition, August 2001).

Questions relating to issue and publication fee payments should be directed to the Customer Service Center
of the Office of Patent Publication at (703) 305-8283.

Page 4 of 4

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004,
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2747
i
PATENT = ((,

Attorney Docket No.: 10541-1227

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
MORAN, etal. :}Lf-—j /
Serial No.: 10/108,093 Examiner: Carl Stuart Miller

Filing Date: 27 March 2002 Group Art Unit No.: 3747

Title: METHOD FOR CONTROLLING RECE\VED

FUEL RAIL PRESSURE
NOV 2 6 2002

TEGHNULOG‘{ CENTEB RaT00

Certificate of Mailing

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class

mail with sufficient postage addressed to: Commissioner, atents, Drawing Review Branch, Washington, DC
.20231 on \& November 2002.

By

-

—
TRANSMITTAL OF FORMAL DRAWINGS
Commissioner for Patents and Trademarks Attn: Official Draftsperson

Drawing Review Branch
Washington, DC 20231

Sir: .
Enclosed are Three (3) sheets of Formal Drawings to replace the originally-

filed drawings of the application.

Respectfully submitted,

Date: 15 November 2002 By: —

M. Cox
Reg. No. 42,445
Attorney for Applicant

BRINKS HOFER GILSON & LIONE
P.O. Box 10395

Chicago, IL 60610

(734) 302-6000
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b ==*Application fo.” Methoa"For Controlling Fuel Rail Pre
Serial No.: 10/108,093
Attomey Docket No.: 10541-1227
Page 10of 3
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<4 =t Application far: Methad For Controlling Fuel Rail Pt

Serial No.: 10/108,093
Attorney Docket No.: 10541-1227
Page 2 of 3

, 24\25\ 20‘\ fzg—zs 29 .
B [

Fuell— E + l@. 15 _}._6_
Pressure
Set-Point
22
23

Average =i 12 14~
Fuel Flow

\19 18

Fig. 3
24— 25 20 27 29
* N ‘\\ ( r 23( (31
Fue]l +_ ;& + m L) ‘];5- l.é
Pressure
Set-Point
22
Average 23 = 23 12/ J [4//
Fuel Flow L j 18
32
\19
Fig. 4

Page 61 of 71 IPR2023-01233 - Petitioner - Exhibit 10l2



¥ ** =t Application £+~ Methdd For Controlling Fuel Rail Pr e
Serial No.. 10/108,093
Attorney Docket No.: 10541-1227
Page 3of 3
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I £ £ Z&%
L PART B - FEE(S) TRANSMITTAL

-

Complete and send this form, together with applicable fee(s), to: Mall Box ISSUE FEE

Commissioner for Patents
Wi m, D.C. 20231
m _ (7'3)7

m should be used for transmittng the ISSUE FEE
“wmnmw

7590 " w1900
Steven L. Oberholtzer
BRINKS HOFER GILSON & LIONE
P.O. Box 10395

Toie certificab ‘. ..,-. used for domest . of th

mﬂ_ﬁm‘“‘%ﬂm i~
or Transmission

e SRR e i b

hﬁ:\:ﬂ,ubﬁgw

Chicago, IL 60610 addressed 1 IthIlueF
(Deposisor's nams) |
I
ﬁ ZMe[ 266K o
APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR [.m'omrwcmm] CONFIRMATION NO. |
10/108,093 03/27/2002 Kevin David Moran 10541-1227 1745

TITLE OF INVENTION: METHOD FOR CONTROLLING FUEL RAIL PRESSURE

|  arNTvRe | smaLENTITY | 1SSUE FEE | PuBLICATIONFEE |  TOTALFEE®DUE | DATE DUE
nonprovisional NO $1300 3300 $1600 0671972003
{ EXAMINER [ axruvar | casssuciass |
MILLER, CARL STUART 3741 123457000
&iﬁmﬁf m address or of "Fee Address” (37 2. For printing on the patent front page, list (1)

mm&whlwﬁéh womeyt 1Brinks Hofer Gilson
or agents alternatively, mame of &

UW“WW‘“@'W“W lﬂlkh(hmﬂlmhlm
myorlm the names of up to 2 s

Q "Fee Addreas” lndiuﬂon[os Fee Address” Indication form d patent or agents, If no name
mﬂ Rev 03-02 or more recent) attached. Use of a C is listed, no name will be printed. 3

3 Ass:mnmmmmmmmmnﬁmoﬂmmmwmw}
PLEASE NOTE: Unless an identified below, no assignee dats will appear on the patent. Inclusion of assignee data is qtpmplhlhﬂ assignment has
B I’l‘()uruhh‘wbnﬂﬂadmﬁrm e

been previously submitted to . Completion of this form is NOT a substitute for an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Visteon Global Technologies, Inc. Dearborn, Michigan
+ Plesse chock the sppropriate assignee catogory ot categorics (will not be printed on the paient) Q individual Y rporation or other private group entity Qi g
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
tXTssuc Fee 0 A check in the amount of the fee(s) is enclosed.
GPublication Fee 0 Payment by credit card. Form PTO-2038 is sttached.
O Advance Order - # of Copies ¢ 'nﬂcmﬁhml'n ww%‘uwmd] uumuymmao
Commissioner for Patents is 1o spply the Issue Fee and Publication Fee (if any) or to re-apply wmpﬂewmwmwmwm
05/15/2003 00000041 061500 10108093
. : 01 FC:1501 1300.00 CH
g Sy I t‘, mmp"m)u 02 FC:1504 300.00 CH
Iry”l'.ls.c.lﬂlnd! mlli.'].'lﬂmd;imﬁi:
e
s
FORMS TO AD . SEND 'TO:
‘Commissioner for Patents, Washington, DC 20231,
mﬂw%ma!mwmwmwwn
TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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The United States Patent and Trademark Office

PATENT TRIAL AND APPEAL BOARD

A petition has been filed in Patent Number: 6/581,574
Application Number; 10/108,093 on 5/14/18.
The Case Number is IPR2018-01064.

To view the documents filed in this petition, go to www.uspto.gov/ptab and
click on the Direct Link.

Click on Search for a proceeding / Browse the proceedings and enter the
Patent Number or the Trial or Case Number and select the Search button.

Questions regarding this notice should be directed to the Patent Trial and
Appeal Board at 571-272-7822.
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Trials@uspto.gov Paper 8
Tel: 571.272.7822 Entered: October 2, 2018

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

HYUNDAI MOTOR COMPANY,
Petitioner,

V.

MICHIGAN MOTOR TECHNOLOGIES LLC,
Patent Owner.

Case IPR2018-01061
Patent 6,557,540 B1'

Before NEIL T. POWELL, BARBARA A. PARVIS,
MICHAEL L. WOODS, and SCOTT B. HOWARD,
Administrative Patent Judges.?

PARVIS, Administrative Patent Judge.

! This Order addresses the same issue in the inter partes reviews listed in the
Appendix. We exercise our discretion to issue one Order to be docketed in
each case. The parties, however, are not authorized to use this style of filing
in subsequent papers, without prior authorization.

2 This is not an order from an expanded panel of the Board. Judges Parvis,
Woods, and Howard are paneled on IPR2018-01061, -01064, -01073,
-01075, and -01077. Judges Powell, Parvis, and Woods are paneled on
IPR2018-01074 and -01078. Judges Powell, Woods, and Howard are
paneled on IPR2018-01063, -01065, and -01072.
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IPR2018-01061
Patent 6,557,540 B1

ORDER
Granting Joint Motions and Dismissing Proceedings
37C.F.R §§42.71(a), 42.72, 42.74

Hyundai Motor Company (“Petitioner”) filed Petitions to institute
intér partes reviews of certain claims of each of the challenged patents listed
in the Appendix. Pursuant to 35 U.S.C. § 317, Petitioner and Michigan
Motor Technologies LLC (“Patent Owner”) filed a joint motion to terminate
in each of the instant proceedings. See, e.g., IPR2018-01061, Paper 53
Along with each joint motion, the parties filed a Settlement Agreement. See,
e.g., IPR2018-01061, Ex. 1035. The parties also filed in each case a joint
request that the settlement agreement be treated as business confidential
information pursuant to 35 U.S.C. § 317(b) and 37 C.F.R. § 42.74(c). See,
e.g.,IPR2018-01061, Paper 6. We authorized the above filings on
September 24, 2018.

The parties represent that they have settled their disputes with respect
to each of the challenged patents and memorialized their settlement in the
written agreement submitted in each case. See, e.g., IPR2018-01061, Paper
5. The parties state that they have agreed to settle and dismiss their related,
co-pending district court lawsuit and have filed a joint stipulation requesting
dismissal, with prejudice. /d. On this record, no motion by any third party
for joinder with these proceedings is pending.

The instant proceedings are still at a preliminary stage. The Board has
not yet instituted any trial. Upon consideration of the facts before us, we

determine that it is appropriate to dismiss the petitions and the proceedings

3 We cite to IPR2018-01061 herein, except as noted. The paper numbers
and exhibit numbers for the other proceedings are listed in the Appendix.
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IPR2018-01061
Patent 6,557,540 B1

with respect to both parties. See 37 C.F.R. § 42.71(a). Therefore, the joint
motions are granted. This paper does not constitute a final written decision
pursuant to 35 U.S.C. § 318(a).
ORDER

For the foregoing reasons, it is:

ORDERED that the parties’ joint request in each proceeding that the
settlement agreement (IPR2018-01061, Ex. 1035; IPR2018-01063,
Ex. 1015; IPR2018-01064, Ex. 1024; IPR2018-01065, Ex. 1036; IPR2018-
01072, Ex. 1019; IPR2018-01073, Ex. 1021; IPR2018-01074, Ex. 1016;

~ IPR2018-01075, Ex. 1021; IPR2018-01077, Ex. 1010; IPR2018-01078, Ex.

1026) be treated as business confidential information and be kept separate
from the patent file is granted; and

FURTHER ORDERED that the joint motions in the IPR2018-01061,
Paper 5; IPR2018-01063, Paper 5; IPR2015-01064, Paper 6; [IPR2018-
01065, Paper 5; IPR2018-01072, Paper 5; IPR2018-01073, Paper 5;
IPR2018-01074, Paper 5; IPR2018-01075, Paper 5; IPR2018-01077, Paper
5; IPR2018-01078, Paper 5 proceedings are granted and each of the

proceedings is dismissed.
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IPR2018-01061
Patent 6,557,540 B1

PETITIONER:

Brian C. McCormack

Matt Dushek

BAKER & MCKENZIE LLP
brian.mecormack@bakermckenzie.com
matt.dushek@bakermckenzie.com

PATENT OWNER:
Timothy Devlin

DEVLIN LAW FIRM LLC
tdevlin@devlinlawfirm.com
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IPR2018-01061

Patent 6,557,540 B1
APPENDIX
Inter Partes | U.S.Patent | Joint Joint Agreement
Review No. Motion Request
IPR2018- 6,557,540 Paper No. | Paper No. | Ex. 1035
01061 Bl 5 6
IPR2018- 7,487,761 Paper No. | Paper No. | Ex. 1015
01063 Bl 5 6
IPR2018- 6,581,574 Paper No. | Paper No. | Ex. 1024
01064 Bl 6 7
IPR2018- 6,757,149 Paper No. | Paper No. | Ex. 1036
01065 B2 5 6
IPR2018- 6,988,031 Paper No. | Paper No. | Ex. 1019
01072 B2 5 6
IPR2018- 6,571,157 Paper No. | Paper No. | Ex. 1021
01073 Bl 5 6
IPR2018- 6,644,155 Paper No. | Paper No. | Ex. 1016
01074 B2 5 6
IPR2018- 6,561,166 Paper No. | Paper No. | Ex. 1021
01075 B2 ] 6
IPR2018- 7,143,501 Paper No. | Paper No. | Ex. 1010
01077 B2 5 6
IPR2018- 7,116,081 Paper No. | Paper No. | Ex. 1026
01078 B2 5 6
5
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Application or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD % \ f 4
Effective October 1, 2001 o\e 04 %
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) Column 2 TYPE [ OR SMALL ENTITY
Dl e \ & RATE | FeE | [ RATE | FeE
FOR NUMBER FILED NUMBER EXTRA BASIC reel| 370.00 ORIBASiC FEEI 740.00
TOTAL CHARGEABLE CLAIMS | |\ minus20= [* © X$ 9= orl xs1s=
INDEPENDENT CLAIMS minus3 = | Q = -
9 X42= OR xsh4_
MULTIPLE DEPENDENT CLAIM PRESENT D
+140= or| +280= i
* If the difference in column 1 is less than zero, enter “0" in column 2 TOTAL OR TOTALJ27 Q0 o
CLAIMS AS AMENDED - PART Il OTHER THAN
Column 2)  (Column 3) SMALL ENTITY OR SMALLENTITY
ADDI- ADDI-
< NUMBER
= B comaiiiter | o RATE |TIONAL RATE | TIONAL
& PAID FOR FEE FEE
E Total * Minus »_-p? ( B == X$ 9= or| X$18=
i i =
E Independent |« Minus — 3 X42= S XB84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM E[
+140= or| +280=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
(Column 3)
HIGHEST
ol REMAINING NUMBER PRESENT ADDI- ADDI-
B AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
a AMENDMENT PAID FOR FEE FEE
= y
g Total * Minus * = X$ 9= or| xs18=
w +
Independent Minus * =
| : = X42= or| x84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM |:!
+140= OR| +280=
TOTAL OR TOTAL|
ADDIT. FEE ADDIT. FEE
{Column 2) _ (Column 3
LA HIGHEST
o REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
w AMENDMENT PAID FOR FEE FEE
= :
E Total * Minus ox = X$ 9= or | xsie=
g Independent |« Minus ik =
g X42= OR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+140= OR | +280=
* Ifthe entry in column 1 is less than the entry in column 2, write “0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20." ADD;O;;E OR ADDI:‘OII;!E-
*+f the "Highest Number Previously Paid For® IN THIS SPACE is less than 3, enter "3." : ’
The "Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in columnn 1.
FORM PTO-875 (Rev. B/01) *LL.8. Govemment Printing Office: 2001 — 484-484/59268 Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE
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SERIAL NO. FILING DATE
CLAIMS ONLY \o\o §09 75 pethesa =
APPLICANT(S)
CLAIMS
AFTER AFTER * *
18t AMENDMENT 2nd AMENDMENT
IND, DER. IND. DEP. DEP. IND.
1 51
2 52
3 53
4 54
5 55
6 56
7 57
8 58
9 59
10 60
1 61
12 62
13 63
14 B4
15 65
16 66
17 67
18 68
19 69
20 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
3 81
32 82
a3 83
34 84
35 85
36 86
a7 87
38 88
39 89
40 90
a1 91
42 92
43 93
44 94
45 95
46 9
47 97
48 98
49 99
50 100
= 1 v R )
[ TOTAL 4= . TOTAL L
DEP. DEP.
[ S EEE I (% BEr e
* MAY BE USED FOR ADDITIONAL CLAIMS OR ADMENDMENTS
U.S.DEPARTMENT OF COMMERCE J)
2
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