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(57) Abstract

A system and method for controlling the fuel pressure in a common rail fuel injection system (14) which electronically controls a
variable output high pressure pump (16) based upon engine speed, torque and actual common rail pressure inputs, as well as the present
system voltage, thereby providing simple yet stable control of the fuel pressure in the accumulator (20) of the common rail system (14) and
making the system relatively insensitive to supply voltage fluctuations from the power source which controls the high pressure pump (16).
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METHOD AND SYSTEM FOR CONTROLLING
FUEL PRESSURE IN A COMMON RAIL
FUEL INJECTION SYSTEM

Technical Field

The present invention relates to a method and
system for controlling the fuel pressure in a common

rail fuel injection system for an internal combustion

engine.

Background Art

Common rail fuel injection systems for
engines, particularly diesel engines, typically include
at least one high pressure fuel pump, a plurality of
fuel injectors, and at least one rail (or accumulator)
connected between the fuel pump and the nozzles to
accumulate fuel at a desired, relatively high pressure

from the pump for injection by the injectors.

It is also known to utilize electronic control
units to control and monitor various functions of the
engine and its associated systems, including controlling
fuel injectors. One such method and apparatus for
comprehensive integrated engine control is disclosed in
U.8. Patent No. 5,445,128, issued August 29, 1995 to
Letang et al for "Method For Engine Control" and
assigned to Detroit Diesel Corporation, assignee of the

present invention.

It is desirable to have an electronic fuel
pressure control system which is integrated with a

comprehensive electronic engine control unit to
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eliminate duplication of control hardware, as well as to

maximize the efficiency of the entire controlled system.

It is also desirable to employ a fuel pressure
control method which provides closed-looped control of
the fuel pressure in a common rail system, with limited
inputs from other sensors, subsystem controls, or from
other functional portions of the comprehensive

integrated control system.

It is further desirable to empléy a control
system and method for obtaining and maintaining selected
fuel pressures within a common rail fuel injection
system which is relatively insensitive to supply voltage
fluctuations in the electrical system.

Summary Of The Invention

It is therefore one object of the present
invention to provide a control system and method which
may be implemented as part of a comprehensive integrated
electronic engine control unit to control and monitor

the fuel pressure 1in a common rail fuel injection

system.

It is another object of the present invention
to provide a system and method for controlling and
maintaining fuel delivery pressure within a common rail
fuel injection system which electronically controls a
variable output high pressure pump based upon engine
speed (RPM), torque (TRQ) and actual common rail

pressure (PR,.) inputs.

It is vyet another object of the present

invention to provide a simple yet stable control of the
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fuel pressure within a common rail system in which the
ongoing control of the output of the high pressure pump,
and, therefore, the pressure in the common rail, 1is
relatively insensitive to supply voltage fluctuations
from the power source providing'the electrical power to

the solenoid-controlled valve which controls the pump.

Carrying out the above object and other
objects and features of the present invention, a method
and system 1s provided for controlling and maintaining
the fuel pressure in a common rail fuel injection system
including an electronic control unit in communication
with a pressure sensor, as well as other sensed and/or
calculated operating parameters, input from sensors
and/or the engine controller, and the logic which is
executed to operate a variable output high pressure pump
to establish and/or maintain a selected fuel pressure in
the accumulator. The system preferably includes a
variable displacement fuel pump including a solenoid-
actuated fuel inlet control valve wherein the solenoid
is actuated via a pulse width modulated signal. In one
embodiment, the magnitude of the pulse width modulated
signal is inversely proportional to the control valve
opening and, thus, the output of the pump is inversely

proportional to the magnitude of the control signal.

The control system also preferably includes
logic for periodically determining a pressure deviation
(PRyr) based upon engine operating condition inputs
provided by the engine control, as well as from actual
rail pressure input from a sensor mounted on the common
rail. In one embodiment, the pressure deviation is the
difference between the desired rail pressure (PRpgg,

determined from speed and torque inputs) and the actual

rail pressure, PRu.r.
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In one embodiment, the control includes a
Pressure Commander with logic for determining the
pressure deviation PRy based upon actual engine speed
(RPM,.;) , engine torque (TRQ) and rail pressure (PRy.), a
Pump Usage Governor including logic for determining a
pump utilization percentage (PU%) as a function of the
pressure deviation, and a Pump Control Signal Generator
(PCSG) including logic for determining a pulse width
modulated duty cycle percentage (DC%) control signal

baged upon the desired pump usage percentage.

The control also preferably includes an input
which provides the present voltage (V,) of the electrical
system, and the PCSG determines the pulse width
modulated duty cycle percentage control signal based
upon the pump usage percentage, the voltage, and a

calibrated fixed frequency.

The Pregssure Commander determines a desired
pressure PRy based upon current engine speed and torqgue,
preferably from a three-dimensional look-up table, and
computes a pressure deviation PRy, which is the

difference between PRy, and PRuc;.

The Pump Usage Governor may employ
conventional proportional-integral (PI) control logic to
develop a proportional factor (P) and, preferably, an
integrating factor (I) based upon the pressure deviation
supplied by the Pressure Commander, as well as logic for
developing a feed forward factor (ffue) based upon '
torgue. The pump usage percentage, Py%, 1s then
preferably developed as a function of each of the
proportional, integral, and feed forward factors, and,

most preferably, is a summation of those factors.
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The above objects and other objects, features,
and advantages of the present invention, will be readily
appreciated by one of ordinary skill in the art from the
following detailed description of the best mode for
carrying out the invention when taken in connection with

the accompanying drawings.

Brief Description Of The Drawings

FIGURE 1 is a block diagram of the fuel
pressure controller of the present invention implemented
as part of an integrated comprehensive engine control
system for a compression-ignition internal combustion

engine employing a common rail fuel injection system;

FIGURE 2 1is a block diagram illustrating the
basic hardware architecture of an embodiment of the

controller of the present invention;

FIGURE 3 1is a Dblock diagram of the fuel

pressure control system of the present invention;

FIGURE 4 1is a flow chart illustrating the
method of the present invention for controlling a
variable displacement high pressure pump, and, thereby,

controlling the common rail system fuel pressure;

FIGURE 5 is a block/schematic diagram of the
PCSG including electrical system voltage feedback; and,

FIGURE 6 1is a graph éf a transfer function
employed in the present invention in determining the
pulse width modulated DC% signal output to the pump
valve solenoid.
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Best Mode For Carrying Out The Invention

Referring now to Figure 1, a block diagram of
the fuel pressure control system and method of the
present invention i1s shown. The system 10 1is
particularly suited for use in a vehicle (not shown)
which includes an engine 12 which employs a common rail
fuel injection system, generally designated as 14. The
engine 1is typically a compression-ignition internal
combustion engine, typically a diesel engine having up
to 16 cylinders. The fuel injectors 18 are typically
electronically and/or hydraulically controlled unit
injectors, such as injector assembly Part Number
0000105151, available from Detroit Diesgel corporation.
The common rail fuel injection system includes at least
one high pressure fuel pump 16, a plurality of fuel
injectors 18, and a common rail (also known and referred
to herein as an accumulator) 20 connected between the
fuel pump 16 and the injectors 18 to accumulate fuel at
a desired, relatively high pressure from the pump for
injection into the engine cylinders as required (and as
controlled by another control function within the Engine
Controller 58). The fuel system also typically includes
a fuel supply tank 22 connected to the high pressure
pump 16. A plurality of sensors 24, typically including
engine sensors 28 and common rail pressure sensor 30,
are in electrical communication with the controller 26
via input ports 32.

Ag illustrated in Figure 2, controller 26
preferably includes a microprocessor 34 in communication
with various computer-readable storage media 36 via data
and control buffers 38. Computer-readable storage media
36 may include any of the number of known devices which
function as read-only memory (ROM) 40, random access

memory (RAM) 42, keep-alive memory (KaM) 44, and the
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like. The computer-readable storage media may be
implemented by any of a number of known physical devices
capable of storing data representing instructions
executable via a computer such as controller 26. Known
devices may include but are not limited to PROMs,
EPROMs, EEPROMs, flash memory, and the like, in addition
to magnetic, optical and combination media capable of

temporary or permanent data storage.

Computer-readable storage media 36 include
various program instructions, software, and control
logic to affect control of wvarious systems and sub-
systems of the vehicle, such as the engine 12,
transmission (not shown), and the like. The controller
26 receives gignals from sensors 24 via input ports 32
and generates output signals which may be provided to

various actuators and/or components via output ports 46.

Signals may also be provided to a display
device 48 which includes various indicators such as
lights 50 to communicate information relative to system
operation to the operator of the vehicle. Display 48
may also include an alpha-numeric portion or other
suitable operator interface to provide status
information to a vehicle operator or a technician. As
such, display 48 represents one or more displays or
indicators which may be located throughout the vehicle
interior and exterior, but is preferably located in the

cab or interior of the wvehicle.

A data, diagnostics, and programming interface
52 may also be selectively connected to the controller
26 via a plug 54 to exchange various information
therebetween. Interface 52 may be used to change values

within the computer-readable storage media 48, such as
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configuration settings, calibration variables, control
logic and the like.

The sensors 24 preferably include an engine
speed sensor 56. Engine speed may be detected using any
of a number of known sensors which provide signals
indicative of rotational speed for the flywheel, or
various internal engine components such as the
crankshaft, camshaft or the like. In a preferred
embodiment, engine speed is determined using a timing
reference signal generated by a multi-tooth wheel
coupled to the camshaft. A pressure sensor 30 1is
preferably provided to determine the actual fuel
pressure within the accumulator 20. As will Dbe
appreciated by one of ordinary skill in the art, most
vehicle applications will neither require nor utilize
all of the sensors illustrated in Figures 1 and 2. As
such, it will be appreciated that the objects, features
and advantages of the present invention are independent
of the particular wmanner in which the operating

parameters are sensed.

In operation, controller 26 receives signals
from sensors and executes control logic embedded in
hardware and/or software to monitor the actual fuel
pressure within the accumulator 20 of the fuel injection
system, compute a pressure deviation as a result of a
desired pressure input to the fuel pressure controller
10 by the engine controller 58, and generate a control
signal to drive the variable output fuel pump 16 to
deliver the desired fuel guantity to maintain the
desired system fuel pressure. It should be noted that
while the fuel pressure controller 10 is shown in the
illustrated embodiment of Figure 1 to Dbe a separate

functional entity from the engine controller 58, and is
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preferred to operate in a logically separate manner from
the engine controller control logic, the control logic
for the fuel pressure controller 10 may be integrated
with the engine control logic, or other vehicle control
logic, as desired without departing from the spirit of
the invention. In a preferred embodiment, controller 26
is a DDEC controller available from Detroit Diesel
Corporation in Detroit, Michigan. Various other
features of this controller are described in detail in
U.S. Patent Nos. 5,477,827 and 5,445,128, the

disclosures of which are hereby incorporated by

reference in their entirety.

Referring now to Figures 3 and 4, a block
diagram and flow chart, respectively, illustrating
representative control logic of a system and method for
monitoring and controlling the fuel pressure in the
accumulator of a common rail fuel injection system
according to the present invention are shown. Again, it
will be appreciated that the control 1logic may be
implemented or effected in hardware, software, or a
combination of hardware and software. The wvarious
functions are preferably effected by a programmed
microprocessor, such as the DDEC III controller, but may
include one or more functions implemented by dedicated
electric, electronic, and integrated circuits. As will
also be appreciated, the control 1logic may be
implemented using any of a number of known programming
and processing techniques or strategies and is not
limited to the order or sequence illustrated here for
convenience only. For example, interrupt or event-
driven processing is typically employed in real-time
control applications, such as control of a vehicle
engine or transmission. Likewise, parallel processing

or multi-tasking systems and methods may be used to
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accomplish the objects, features, and advantages of the
present invention. The present invention is independent
of the particular programming language, operating
gsystem, or processor used to implement the illustrated
control logic.

Block 100 of Figure 3 illustrates the Pressure
Commander which receives actual pressure (PR,) £from
pressure sensor 30, as well as engine RPM (either
directly from an RPM sensor, or indirectly from the
engine controller 58), and torque, TRQ, preferably
generated and downloaded from the engine controller 58.
The Pressure Commander determines a desired pressure
(PRpzs) based upon RPM and TRQ. The PRy is then compared
to PR, and a pressure deviation (PRgg) 1s determined
based upon that comparison. PR 1s preferably the

difference between PRy and PRper.

The Pump Usage Governor, shown as block 102,
receives PRy, as an input, as well as inputs indicative
of pressure sensor fault conditions and engine operating
status (such as start-up and shut off) to determine the
pump utilization percentage, Py%. In one embodiment, a
proportional-integral controller is utilized by the Pump
Usage Governor to develop a proportional factor (P)
which adjusts the P,% by an amount proportional to PRegg.
an integrating factor (I) which adjusts the Py% by an
amount equal to the accumulated multiplication of PRpggy
and time, and a forward factor (ffie) which adjusts the
Py,% by an amount proportional to the engine torgue. In
one embodiment, Py% is a simple summation of each of the
P, I, and ffio factors. P is preferably set at 0.19
$UTIL/BAR, I is set at 0.043 %UTIL/BAR/TIME INTERVAL (at
16 mHz), and ffp, is set 2.25 %UTIL/%MAX TORQUE. Of

course, these factors are dependent upon the behavioral
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characteristics of the engine and common rail system.
It has been found that the proportional gain constant P,
will typically range between 0-.125 $%UTIL/BAR, the
integrating constant, I, will typically range between

0-.006 %UTIL/BAR/TIME INTERVAL (at 16 mHz), and the feed
forward factor constant, ffoe, will typically range
between 0-1.25 %UTIL/%/MAX TORQUE. ffiep 1S typically

initialized at about 50% of the normal working range of

the pump.

The integrating factor is preferably
determined at time intervals of approximately 25 msec,
although, again, the rate of integration may be varied

depending upon particular system response

characteristics.

The feed forward factor may additionally or
alternatively be based upon one or more other engine

operation parameters that wvary proportionally to the

quantity of fuel injected.

It will be appreciated that the Pump Usage
Governor may calculate the pump utilization percentage
using a proportional factor, or an integrating factor,
or a feed forward factor, either alone or in some
combination. Other factors developed from historical
system operation data, current operating conditions
and/or predictive schemes may be employed other than the
above-described embodiment as desired, or as required by
the particular behavioral characteristics of the
particular engine, high-pressure fuel pump and common

rail fuel injection system with which the control is

employed.
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In the embodiment illustrated in Figure 3, Pu,%
ig developed by simple addition of each of the P, I, and
ffopp factors. This particular method has been found to
provide a Py% value which maintains desired fuel system
pressure based upon historical, current, and expected

engine operation conditions with minimal pressure

fluctuations.

Block 104 illustrates the PCSG. The PCSG
receives Py% and, preferably, present electrical system
voltage (V,) as inputs, and develops a control signal
from those inputs suitable to control the wvariable
output high pressure fuel pump. In one embodiment, the
fuel pump is a variable displacement fuel pump including
a solenoid-actuated control valve, wherein the
displacement and, therefore, the fuel output of the

pump, is inversely proportional to the current applied

to the solenoid. In this embodiment, the pump is
Assemby Part No. 0050706501, available £from Detroit
Diesel Corporation of Detroit, Michigan. The control

signal which drives the solenoid which actuates the pump
control wvalve 1is a pulse-width wmodulated signal
representing the duty cycle percentage (DC%) required to
power the solenoid at a fixed frequency. In this
embodiment, the control valve is fully opened (i.e.,
100% pump output utilization) when DC% equals a
relatively lesser, calibratable value (approaching zero)
(i.e., the solencid is not energized), and the pump
utilization percentage 1is zero when DC% equals a
relatively greater, calibratable value (approaching 100)
(i.e., the solenoid is fully energized), the control
valve 1is closed, and, therefore, the pump 1is not

supplying any additional fuel to the common rail system.
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The PCSG 104 also preferably employs a present
voltage calibration factor in its determination of the
DC%¥ control signal. A V, detector 106 (also
schematically illustrated in Figure 5) supplies the
present voltage V, as an input to the PCSG. The DC%
signal is determined as a function of V, to eliminate the
effect of fluctuations in system voltage upon the
operation of the solenoid and, therefore, eliminate the
effect of system voltage fluctuations on the output of
the fuel pump. In one embodiment, DC% is determined by
interpolating between a pair of curves representing 0%
pump utilization and 100% pump utilization,
respectively, for each of the possible values of V,.
This method 1is illustrated in Figure 6. This

determination can be expressed as:

where K, and K, are constants relating to the response
characteristics of the particular fuel pump and solenoid

actuator employed in the system.

Thus, for example, if Py% input to the
transfer function is 40 (i.e., the desgired pump
utilization percentage is 40%) and the present voltage
is V;, DC% (equal to DC;) is determined by interpolating
between points P1 and P2 as 40% of the difference
between the DC values between these points. In one
embodiment, the constant value of the upper curve (0%
pump utilization) is 600 DC%*volts, and the constant
value of the lower curve (100% pump utilization) equals
150 DC%*volts. Thus, in this embodiment, the DC% is

percentage is determined as follows:
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150 600 600
DC% =1P,.% * - +
{ ur ( Vb Vb ) } Vb
Once determined, the pulse-width modulated signal
corresponding to DC% is then transmitted to drive the
solenoid to achieve the desired control valve opening
and, thereby, achieve the desired displacement of the

pump to maintain the pressure in the accumulator at the
desired level.

Referring again to Figure 4, a flow diagram
illustrating the method of the present invention is
shown. Block 110 represents initialization of wvarious
programming variables and thresholds, one or more of
which may be determined during initialization or
reprogramming of the system. Other wvalues may be
retrieved from a non-volatile memory or a computer-
readable storage media upon engine start-up or other
events such as a detection of a fault or error. These
values preferably include the RPM, TRQ, and PRy look up
map employed by the Pressure Commander, the constants
for the P, I, and ff,, factors employed by the Pump
Usage Governor, as well as pressure thresholds, also
employed by the Pump Usage Governor to detect fault
conditions. In addition, the initial pump utilization
value, as well as required engine start and stop
conditions (determined by the Engine Control Logic),
each also preferably utilized by the Pump Usage Governor
as explained hereinafter, are also initialized at this
time. Other reference values preferably include the DC%
constants K, and K, for each of the 0% and 100% pump

utilization curves employed by the Pump Control Signal
Generator.
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Reference values preferably include engine
speed, RPM; torque, actual rail pressure, PR,.; and
present voltage, V,. The RPM and torgque values may be
communicated by an engine controller, such as
illustrated in Figure 1. PR, may also be communicated
from the engine controller, or may be input directly
from the pressure sensor attached to the accumulator.
One of ordinary skill in the art will recognize a number
of methods to determine engine RPM which may be directly
sensed or indirectly inferred from various other sense
parameters, as well as torgue which may be likewise
inferred from other sensed parameters. The reference
values determined by block 112 are periodically reset or
captured (and stored) based on the occurrence of one or

more predetermined events.

The pressure deviation, PRy 1s determined at
block 114. As previously described, this wvalue 1is
preferably generated as the difference between PR, and
PRacr - PRy 1g developed from RPM and TRQ inputs,
preferably by reference to a look-up table which has
been initialized in block 110. The selection of PRy 18
preferably effected by using a look up table which maps
PRy as a function of RPM and torque percentage. One
such table which might be employed for the specific
embodiment disclosed in this application is listed

below:
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Py% 1s determined at block 116, based upon
PRur- As previously described, a proportional factor and
an integrating factor are each developed as a function
of PRgg, and a feed forward factor is developed based
upon current torgque. Again, Py % is preferably a simple

summation of the P, I, and ff factors.

Figure 5 is a schematic illustration of the
circuit employed by the PCSG to measure present voltage.
The circuit 130 typically includes an actuator solenoid
132, a diode 134 and a transistor 136 connected as
illustrated within the electrical system to provide an
input signal to the PCSG corregponding to the present
system voltage, so that the PCSG can factor the
fluctuations in voltage into its determination of the
DC% signal output to the pump. It will be appreciated
that other conventional methods of ascertaining present

voltage may be alternatively utilized to supply V, to the
PCSG.

Referring now to Figure 6, the pump control
signal, DC%, is determined at block 118, based upon the
Py:% and present voltage, V,, inputs. Again, this pulse-
width modulated signal preferably represents a duty
cycle 90, is transmitted at 100Hz, and is determined by
interpolating between points on a pair of curves
representing 0% pump utilization and 100% pump
utilization at the present V,. It will be appreciated
that as previously described, the constants K, and K,, as
well as the signal frequency are chosen, and may vary,
depending upon the particular operating characteristics

of the solenoid controlled injector valve.

Various fault <conditions are preferably

monitored by the system and factored into control of the
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pump . For example, inputs to the Pump Usage Governor
102 preferably include a maximum pump utilization wvalue
(max_pump util), a minimum pump utilization value
(min pump util) and a pump utilization fault timer value
(pump_util fault timer). In one embodiment, the Pump
Usage Governor receives the pump utilization maximum and
minimum values as inputs, and compares Py% to these
maximum and minimum values. If, for example, Py% is
greater than the maximum pump utilization wvalue for a
time greater than the pump utilization fault time a
fault condition (e.g., the valve is stuck closed, or
fuel is leaking) is assumed and a warning indicator is
activated and the event is recorded. Likewise, 1f P;,%
is less than the minimum pump utilization value for a
time greater than the pump utilization fault time a
fault condition (e.g., the valve is stuck open or is not
energizing) is assumed and a warning indicator is
activated and the event is recorded. The pump
utilization fault time is typically set to between 0 and
255 geconds, and is preferably set at 10 seconds. The
minimum pump utilization value 1s preferably set at
about 2.5%, and the maximum pump utilization wvalue is
preferably set at 97.5%.

In one embodiment when the engine is
determined to be in start-up condition, the sgystem
forces an output of Py% equal to about 100% until PRy,
is about equal to zero. When PRy, reaches zero, then the
integrating factor, I, is initialized to an initial pump
utilization value, typically about 50% UTIL/BAR, minus
the feed forward factor, ffie,, and the system begins

normal generation of Py% as described above

P:% may Dbe displayed continuously on a

diagnostic tool to indicate the status of the control



10

i5

WO 98/55761 PCT/US98/09321

-19-

gsystem’s calibration, and the general condition of the
high pressure fuel system, as well as an indicator of
hidden internal leaks, malfunction, or wear of the pump

components.

Thus, the present invention provides a system
and method for monitoring and controlling the fuel
pressure within a common rail fuel injection system
which relies on minimal inputs from the fuel injection
system, the engine, and other controllers, preferably
only (PRper, RPM, TRQ, and V,), but which provides
accurate and smooth closed-loop control of the fuel
pressure at all of the various and changing demands of

a typical fuel injection engine.

While the best mode contemplated for carrying
out the invention has been described in detail, those
familiar with the art to which this invention relates
will recognize various alternative designs and
embodiments for practicing the invention as defined by

the following claims.
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What Is Claimed Is:

1. In a common rail fuel injection system
including a plurality of fuel injectors for injecting
fuel at a selected pressure from a common rail into the
cylinders of an internal combustion engine, a common
rail connected to the injectors for accumulating fuel at
the selected pressure, a variable output fuel pump
connected to the common rail, the pump including a
solenoid-actuated valve for controlling the fuel input
to the pump, and an electronic engine control for
providing a plurality of inputs corresponding to engine
operating conditions, an electronic fuel pressure
control comprising:

a sensor for sensing the actual rail pressure;

a pressure commander including 1logic for
determining a pressure deviation based upon the sensed
actual pressure and engine operation conditions;

a pump output governor including logic for
determining the pump usage percentage as a function of
the pressure deviation; and

a pump control gignal generator including
logic for determining a control signal based upon the
pump usage percentage, and logic for outputting that

signal to power the pump solenoid.

2. The electronic fuel pressure control of
claim 1 further including a sensor connected to the
control for sensing the present voltage 1in the
electrical system, and wherein the pump control signal
generator includes logic for determining the control
signal based upon the pump usage percentage and the
present voltage.
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3. The electronic fuel pressure control of
claim 1 wherein the logic for determining the pressure
deviation includes 1logic for determining a desired
pressure based upon engine speed and engine torqgue
values input from the engine control and wherein the
pressure deviation is the difference between the desired

pressure and the actual pressure.

4. The electronic fuel pressure control of
claim 1 wherein the pump usage governor logic employs
proportional control logic and wherein the pump usage

percentage is determined as a function of a proportional

factor.

5. The electronic fuel pressure control of
claim 4 wherein the pump usage command logic employs
integrating control logic and wherein the pump usage
percentage is determined as a function of a proportional

factor and an integrating factor.

6. The electronic fuel pressure control of
claim 5 wherein the output governor includes logic for
determining a feed forward factor based upon an engine
operating parameter that is proportional to fuel
injection quantity, and wherein the pump usage
percentage is determined as a function of a proportional

factor, an integral factor, and the feed forward factor.

7. The electronic fuel pressure control of
claim 4 wherein the pump usage percentage is a summation
of the proportional factor, the integrating factor, and

the feed forward factor.
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8. The electronic fuel pressure control of

claim 6 wherein the feed forward factor is based upon
engine torque.

9. The electronic fuel pressure control of
claim 2 wherein

10. A method of controlling the fuel pressure
in the high pressure accumulator of a common rail fuel
injection system having at least one variable
displacement fuel pump including a solenoid actuated
control valve, the method comprising:

determining the engine speed and torque;

sensing the actual pressure in the

accumulator;

determining a desired pressure based upon the
engine speed and torgue;

comparing the desired pressure with the actual
pressure; and

controlling the fuel pump based upon the
comparison.

11. The method of claim 9 wherein the step of
comparing the desired pressure with the actual pressure
includes the step of determining a pressure deviation
equal to the difference between the desired pressure and
the actual pressure, and wherein the step of controlling
the fuel pump includes determining a pump utilization

percentage based on the fuel pressure deviation and
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determining a pump control signal based upon the pump

utilization percentage and the voltage.

12. The method of claim 10 wherein the step
of determining a pump utilization percentage includes

developing a proportional factor.

13. The method of claim 11 wherein the step
of determining a pump utilization percentage includes

determining an integral factor.

14. The method of claim 11 wherein the step
of determining a pump utilization percentage includes
determining a feed forward factor.

15. The method of claim 11 wherein the step
of determining a pump utilization percentage includes
determining a proportional factor, an integral factor,
and a feed forward factor.

16. The method of claim 14 wherein the pump
utilization  percentage is a summation of the

proportional factor, the integral factor, and the feed

forward factor.

17. A method for <controlling the fuel
pressure in a common rail fuel injection system for an
engine having at least one variable displacement fuel
pump including a solenoid actuated control wvalve, and a
plurality of sensors for sensing vehicle operating
parameters, the method comprising:

determining the actual fuel pressure in the

accumulator;

determining the engine speed and desired
torque;
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determining a fuel pressure deviation based
upon the actual fuel pressure and the engine speed and
torque;

determining a pump utilization percentage
based upon the fuel pressure deviation; and

determining a pump control signal based upon

the pump utilization percentage and the voltage.



10

j >Ooc_sc_.>402

. W

Fuel
Pressure
Controller

ECM

Engine Controller

26"

58

S/1

T9LES/86 OM

12€60/86S()/.L.Od



ACCUMULATOR 12
16 \
mM\U PUMP | 30 2 ENGINE
PR .
48
\ — <<
INPUT PORTS /
38 4
46 32 5
\ < s A > 2%
S
\ I Qe e |
34 mpu I | kam || rRom || RAM |42

36

q/¢

T9L55/86 OM

12€60/86S11/1.Dd



PRact 100 102

| [ /

PRERR Pur%
PUMP USAGE

GOVERNOR

PRESSURE
COMMANDER

TRQ RPMact

104

PCSG

Vb

DC%
PUMP

w106

DETECTOR

G/¢

J9LSS/86 OM

17£60/86S1)/L.Od



WO 98/55761

4/5

( START )

Y

INITIALIZE VARIABLES

110

l

ESTABLISH REFERENCE
VALUES
i’ 112
DETERMINE COMMANDED
PRESSURE 114

DETERMINE PUMP
UTILIZATION PERCENTAGE

l

DETERMINE PUMP
CONTROL SIGNAL

l

TRANSMIT CONTROL SIGNAL
TO PUMP VALVE SOLENOID

116

118

120

END

PCT/US98/09321



WO 98/55761 PCT/US98/09321
5/5
130
N Vb
i
132
134
pcsc | DC% 136
[ J
Fig. 5
100
DCi
% Of Time -
Energized ; 0% Pump Utilization
(DC% Yok
100% Pump Utilization
Vi

Vb



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US98/09321

A. CLASSIFICATION OF SUBJECT MATTER

IPC(6) :FO2M 41/00, 37/04
US CL :123/456, 497

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

u.s. 123/456, 497, 436, 447, 458

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 4,884,545 A (MATHIS) 05 December 1989, see entire| 1-9
document.
A US 5,331,933 A (MATSUSHITA) 26 July 1994, see entire| 10-17
document.
A US 4,539,956 A (HENGEL et al) 10 September 1985, see entire| 10-17
document.
A US 4,791,905 A (FURUTA et al) 20 December 1988, see entire{ 1-17
document.
A US 5,379,741 A (MATYSIEWICZ et al) 10 January 1995, see entire | 1-17
document.
A US 5,483,940 A (NAMBA et al) 16 January 1996, see entire| 1-17
document.
Further documents are listed in the continuation of Box C. D Sce patent family annex.
Special categories of cited documents: "T* fater document publisbed after the international filing date or priority

"A* document defining the general state of the art which is not considered
to be of particular relevance

"E" carlier document published on or after the international filing date

"L* document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other
special reason (as specified)

"o document referring o an oral disclosure, use, exhubition or other
means
Pt document published prior to the international filing date but later than

the priority date ¢laimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an invenuve step
when the document is taken aione

Y document of particular reievance; the ciaimed invenuon cannet be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

& document member of the same patent family

Date of the actual completion of the international scarch

25 SEPTEMBER 1998

Date of mailing of the international search report

OCT 13 1908

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.  (703) 305-3230

Authorized officer .~ %
, w 4 - p
CARL S. Mu.a; /
Telephone No. (703) 308-2653

Form PCT/ISA/210 (second sheet)(July 1992) %




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US98/09321
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category¥* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
AP US 5,699,772 A (YONEKAWA et al) 23 December 1997, see 1-17
entire document.
AP US 5,694,902 A (MIWA et al) 09 December 1997, see entire 1-17

document.

Form PCT/ISA/210 (continuation of second sheet}(July 1992)«




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

