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Description

[0001] This invention relates to a system for control-
ling fuel provision to the combustion chambers of an in-
ternal combustion engine, and in a preferred embodi-
ment, to systems for use with a multicylinder compres-
sion ignition engine including a high pressure fuel pump
and fuel accumulator. In particular, the present invention
relates to a fuel delivery and control system according
to the preamble of claim 1.
[0002] For well over 75 years, the internal combustion
engine has been mankind's primary source of motive
power. It would be difficult to overstate its importance or
the engineering effort expended in seeking its perfec-
tion. So mature and well understood is the art of internal
combustion engine design that most "new" engine de-
signs are designs made up of choices among a variety
of known alternatives. For example, an improved output
torque curve can easily be achieved by sacrificing en-
gine fuel economy. Emissions abatement or improved
reliability can also be achieved with an increase in cost.
Still other objectives can be achieved, such as in-
creased power and reduced size and/or weight, but nor-
mally at a sacrifice of both fuel efficiency and low cost.
[0003] An engine's fuel system is the component
which often has the greatest impact on performance and
cost. Accordingly, fuel systems for internal combustion
engines have received a significant portion of the total
engineering effort expended to date on the development
of the internal combustion engine. For this reason, to-
day's engine designer has an extraordinary array of
choices and possible permutations of known fuel sys-
tem concepts. Design effort typically involves extremely
complex and subtle compromises among cost, size, re-
liability, performance, ease of manufacture and back-
ward compatibility with existing engine designs.
[0004] The challenge to contemporary designers has
been significantly increased by the need to respond to
the popular demand, reflected in government man-
dates, for both improved fuel efficiency and a cleaner
environment. In view of the mature nature of fuel system
designs, it is extremely difficult to extract both improved
engine performance and emissions abatement from fur-
ther innovations in the fuel system art. Yet the need for
such innovations has never been greater in view of
broad concern for the environment and standards
prompted by this concern. Meeting these standards, es-
pecially those for ignition compression engines, will re-
quire substantial innovations in fuel systems to avoid
burdening consumers with significantly more costly fuel
systems and/or costs of engine redesigns.
[0005] Cummins Engine Company, the assignee of
this patent, has developed a revolutionary fueling sys-
tem with a novel pumping and distribution configuration
to address this need for innovation in meeting conflicting
design criteria.
[0006] Briefly, in a preferred embodiment, the new
fueling system comprises an in-line reciprocating cam

driven pump, having one or more high pressure pump-
ing cylinders, which supplies fuel to a high pressure ac-
cumulator, from which fuel is directed to a plurality of
engine cylinders by a mechanical distributor valve. Dual
pump control valves can be opened and closed with var-
iable timing to change the effective pump displacement
and maintain accumulator fuel pressure independent of
engine speed. One or more injector control valves are
provided between the accumulator and distributor, so
that the same valve or valves serially controls injection
timing and fuel quantity to the cylinders.
[0007] In developing this improved fueling system,
there has arisen a need for an improved electronic sys-
tem which is particularly adapted to control this novel
system. In fact, the inventors have found that the full
promise of this fueling system design (in terms of low
cost, fuel efficiency, and pollution control) can only be
realized through the provision of an advanced electronic
control system that provides integrated control and
monitoring of the different fuel flow control mechanisms
making up this novel fueling system. By electronically
controlling the variation of fuel delivery rates during each
injection event, improved control and operating charac-
teristics can be obtained. Further, the particular elec-
tronic control system of the present invention, with its
particular novel control algorithms and signaling config-
urations, makes possible the implementation of many of
the advantageous design choices of the fueling system
in general.
[0008] In the same way that the prior art does not pro-
vide or suggest a fuel injection system which advanta-
geously combines an in-line reciprocating pump, an ac-
cumulator, a single injector control valve and a fuel dis-
tributor, previous work in this field fails to suggest an
integrated electronic system capable of controlling an
in-line reciprocating pump to maintain desired pressure
levels in a high-pressure accumulator through firing of
all engine cylinders, and simultaneously controlling a
single injector control valve to provide precise injection
timing and fuel quantity control to each cylinder in se-
quence.
[0009] Of course, the prior art is replete with electronic
control systems whose control algorithms and signal
outputs are appropriate to other types of fuel injection
systems. One method of controlling fuel injection using
electronic controls is disclosed in Japanese Patent Ap-
plication Document 57-68532 of Nakao, assigned to Ko-
matsu. This reference discloses an electronically con-
trolled high pressure pump and an accumulator for re-
ceiving the pump output for supply of a plurality of injec-
tion nozzles through a distributor type valve and corre-
sponding fuel supply lines. The pressure within the ac-
cumulator is regulated by a first electronic control unit
based on sensed accumulator pressure and engine po-
sition, to control the effective displacement of the high
pressure pump. However, in this system, the timing and
quantity of injection are varied by a separate electronic
unit through control of rotary valve elements in a distrib-
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utor. Thus, there is no integrated control of injection tim-
ing and rate and fuel pressure to provide precise control
of fuel in the engine.
[0010] Other systems disclosed in the prior art have
electronically controlled an accumulator and injection
nozzles with a single control unit, but these systems sim-
ilarly did not provide control of a multi-chamber pump
and a single injection solenoid using an integrated elec-
tronic control system. U.S. Patent RE 33,270 to Beck et
al., U.S. Patent No. 5,094,216 to Miyaki et al., U.S. Pat-
ent 5,109,822 to Martin, U.S. Patent 4,777,921 to Miyaki
et al., and SAE article no. 910252 entitled Development
of New Electronically Controlled Fuel Injection System
ECD-U2 for Diesel Engines by Miyaki et al. each dis-
close systems where a fuel rail stores the output of a
high pressure pump and distributes fuel to the cylinders
through a plurality of injection nozzles, each directly
connected to the fuel rail and associated with a cylinder.
Each nozzle includes a separate integrated solenoid
valve to control the timing and quantity of fuel flow from
the accumulator into each cylinder. This system allows
the fuel rail pressure (and thus the injection pressure)
to be regulated as necessary independent of engine
speed. The disclosed electronic control modules have
a large number of outputs, each controlling an individual
injector valve for each cylinder or activating a pumping
mechanism.
[0011] Similarly, U.S. Patent 5,201,294 to Osuka (as-
signed to Nippondenso) discloses a single electronic
control unit (ECU) that controls a plurality of high pres-
sure pumps and also provides a plurality of separate
output lines, each transmitting control signals to an in-
jector valve associated with an engine cylinder. The Os-
uka ECU operates the pumps in response to pressure
in a common rail using feedback control techniques to
maintain desired pressure levels. The cylinder injection
control solenoid valves are similarly operated based on
control instructions from the ECU in response to engine
operating conditions detected by an engine speed sen-
sor and an accelerator sensor. The pressure in the com-
mon rail is monitored to detect failure of one or both fuel
pumps. Osuka's European patent application 0 501 463
A2 shows a similar system but describes in more detail
the synchronous generation of control signals for pump-
ing solenoid valves based on a calculated timing value.
The control program has a section initiated by an inter-
ruption process based on engine position sensing. An-
other Nippondenso document, Japanese Application
05-106495, similarly describes a system which provides
integrated control of cylinder injection pulses and com-
mon rail pressure. However, as in the documents dis-
cussed before, all of these Nippondenso control sys-
tems generate different injection signals on a plurality of
lines connected to individual cylinder injector solenoids.
[0012] U.S. Patent 5,133,645 to Crowley et al. shows
a fuel injection system with an electronic control module
that controls a high pressure fuel pump and a plurality
of individual cylinder injector nozzles by sending low

voltage, low power signals to a separate electronic dis-
tribution unit.
[0013] U.S. Patents 5,137,000 to Stepper et al. and
5,070,832 to Hapka et al. (Cummins Electronics Com-
pany) shows an electronic engine control system which
controls fuel injection in addition to performing other
functions. However, such systems do not provide direct
control of fuel pressure in an accumulator, and use a
plurality of separately controlled fuel injector solenoids.
[0014] In some prior systems, a "boost power" circuit
generates a solenoid activation voltage much higher
than the system battery voltage to more quickly activate
a solenoid in response to a control signal. In order to
use boost circuits with control systems of the type noted
above which selectively actuate one of a plurality of sep-
arate injector valves, it would be necessary to provide
a plurality of boost circuits or a distribution switching cir-
cuit for channeling the boost voltage to the proper injec-
tor solenoid. Either solution would require a substantial
number of costly high-power-handling components.
[0015] One method of reducing the initial volume of
fuel injected during each injection event is to reduce the
pressure of the fuel delivered to the nozzle assemblies
during the initial stage of injection. Various devices have
been developed to control or shape the fuel pressure
delivered to the nozzle during the initial phase of fuel
injection so as to alter the rate of fuel delivery to the noz-
zle assemblies. For example, U.S. Patent Nos.
3,718,283, 3,747,857, 4,811,715 and 5,029,568 dis-
close devices associated with each injector nozzle as-
sembly for creating an initial period of restricted fuel flow
and a subsequent period of substantially unrestricted fu-
el flow through the nozzle orifice into the combustion
chamber. However, these rate control devices are not
electronically controlled and also require modifications
to each of the fuel injector assemblies in a multi-injector
system, thus adding costs and complexity to the injec-
tion system. U.S. Patent No. 4,469,068 to Kuroyanagi
et al. discloses a distributor-type fuel injection apparatus
including an variable volume accumulator to vary the
rate of fuel injection to achieve effective combustion.
However, this device uses a complex accumulator con-
trol system to vary the rate of injection, and is designed
for use with a reciprocating plunger distributor. The Mi-
yaki SAE article noted above discloses controlling the
injection rate pattern to create a gradual rise in fueling
rate during an injection event, but uses fluidic means for
creating this rate shaping, rather than providing a sec-
ond solenoid and a control circuit for precise sequential
activation of the injection solenoid and the second sole-
noid to create a shaped injection rate. None of these
references shows an electronic control system for a fuel
injection system that controls valves in series to provide
variable rate control during injection.
[0016] In general, there is a need for a practical, low
cost control system which works in synergy with a novel
fuel injection configuration to satisfy the conflicting de-
mands of emissions control and improved engine per-
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formance over a wide range of engine conditions.
[0017] US - A - 4,884,549 discloses a fuel injection
system including a reciprocating charge pump with an
associated solenoid valve for regulating the intake
charge quantity of fuel supplied to the charge pump dur-
ing each intake stroke for precisely regulating the fuel
injection quality by precisely regulating the spill termi-
nation of the high pressure delivery of fuel during each
pumping stroke. The charge pump directly supplies high
pressure fuel to an associated distributor for succes-
sively distributing the high pressure fuel to a plurality of
injection nozzles.
[0018] JP - A - 56-052535 discloses a fuel supply sys-
tem for a compression ignition engine. The fuel supply
system comprises a high pressure plunger pump sup-
plying an associated accumulator with high pressure fu-
el. The distributor supplies the high pressure fuel to a
multiplicity of fuel injection valves via respective high
pressure fuel lines.
[0019] JP - A - 60-132037 discloses a fuel injection
system for an internal combustion engine. The fuel in-
jection system comprises an accumulator charged by
an associated pump, wherein the flow rate of fuel sup-
plied to a distributor is controlled by means of a flow con-
trol valve. The distributor supplies the fuel to a plurality
of fuel injection valves that are respectively controlled
by a driving device of the fuel injection system.
[0020] DE - A - 43 04 967, which forms the starting
point of the present invention, discloses a fuel injection
system for a multicylinder internal combustion engine.
The fuel injection system comprises a high pressure ac-
cumulator, an associated high pressure pump with mul-
tiple high pressure pumping chambers for supplying
high pressure fuel to the accumulator, a pressure sensor
for detecting the fuel pressure of the accumulator, and
electronically controlled pump control valves associated
to the pumping chambers for controlling the effective
pump strokes transferring fuel into the accumulator. The
fuel injection system further comprises a fuel distributor
connected to the high pressure fuel accumulator for dis-
tributing high pressure fuel to a multiplicity of fuel lines
leading to individual combustion chambers of engine
cylinders. Two electrically controlled injection control
valves are provided to control the timing and metering
of high pressure fuel supplied via the distributor to the
respective combustion chambers. Further, a control unit
is provided which is connected to the pressure sensor
and to the electronically controlled valves, i.e. the pump
control valves and the injection control valves. The
known fuel injection system has the drawback that it is
not optimized regarding the required control perform-
ance, the number of required components and the re-
quired wiring.
[0021] Object of the present invention is to provide an
improved fuel delivery and control system that is com-
paratively inexpensive to manufacture and allows an op-
timal control minimizing the need for complicated circuit-
ry and the required microprocessor performance while

enabling to achieve superior emission standards.
[0022] The above object is achieved by a fuel delivery
and control system according to claim 1. Preferred em-
bodiments are subject of the subclaims.
[0023] In particular, the subject invention provides a
control system that can be used as part of the fuel sys-
tem that provides superior emissions control and im-
proved engine performance while requiring minimal
modification of pre-existing engine designs.
[0024] Another broad aspectof the invention is to pro-
vide an electronic control system for controlling a high
pressure fuel pump and a single three-way injection
control valve.
[0025] A further broad aspect of the invention is to pro-
vide an improved electronic control system for event-
based control of engines in non-vehicular applications.
[0026] It is another aspect of the invention to provide
an electronic control system for a high pressure fuel
pump assembly that includes a pump, accumulator and
distributor combined with an electrically operated pump
control valve and an injection control valve in a unitized
assembly.
[0027] Another aspect of the invention is to provide
an electronic control system for controlling a high pres-
sure fuel pump and an injection control valve that mini-
mizes the amount of wiring in the engine compartment.
[0028] A further aspect of the invention is to provide
an electronic control system for controlling a high pres-
sure fuel pump and an injection control valve that mini-
mizes the need for distribution and interface circuitry.
[0029] In addition, it is an aspectof the invention to
provide a driver circuit for controlling an injection control
valve that measures the back EMF of the solenoid coil
to accurately determine the time of opening of the valve,
and to predict and control future opening times synchro-
nously with engine rotation.
[0030] Another aspect of the invention is to provide
an electronic control system for controlling an injection
control valve that compensates for uneven fuel line
lengths and uneven fuel travel times between the valve
and different injector nozzles controlled by the valve.
[0031] A further aspect of the invention is to provide
an electronic control system for controlling a single in-
jection control valve controlling fuel injection to a plural-
ity of cylinders that compensates for uneven fuel line
lengths to the cylinders by varying a delay time for trans-
mission of timing signals depending on which cylinder
is to be fueled.
[0032] An additional aspectof the invention is to pro-
vide an electronic control system that uses battery volt-
age, rather than a boosted voltage, to precisely control
an injection control valve.
[0033] Another aspect of the invention is to provide
an electronic control system that provides a pre-biasing
current at battery voltage to an injection control valve
prior to a desired time of an injection event and then
provides an increased opening current at the same volt-
age at a desired time of opening, thus eliminating a need
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for boosted solenoid opening voltages.
[0034] Another aspect of the invention is to provide a
control system

for startup pressurization of a high pressure fuel
accumulator in the first revolution, prior to the first output
of an engine angular position indicator during starting of
the engine.
[0035] Another aspect of the invention is to provide a
control system

for startup pressurization of a high pressure fuel
accumulator which generates a train of pump control
signals during initial revolution(s) of the engine until en-
gine angular position sensors provide an accurate indi-
cation of engine angular position to allow timed control
of the pump.
[0036] It is also an aspect of the invention to provide
an improved control system for monitoring pressure var-
iations in a high pressure accumulator in conjunction
with injection events, and detecting pump failures or
weaknesses based on the pressure variations.
[0037] Another more specific aspectof the invention
is to provide an improved electronic control system for
event based control of engines in non-vehicular appli-
cations which provides an anticipatory response to an
input indication that a load is to be applied.
[0038] Another more specific aspect of the invention
is to provide an improved electronic control system for
event based control of engines which immediately in-
creases engine power upon receiving a signal indicating
that an increased load level is being applied.
[0039] The invention also has the aspect of providing
an improved electronic control system for event based
control of engines which monitors a load application
control signal and changes fueling levels to increase en-
gine power when the load is to be applied, so that engine
power increases synchronously with the increased load
level rather than in response to changes in engine op-
eration resulting from an unexpected load application.
[0040] Still another aspectof the invention is to pro-
vide a control system for a high performance, high pres-
sure fuel system designed for retrofitting on existing en-
gine designs of the compression ignition type without
requiring substantial and costly engine redesign. In par-
ticular, the invention provides a control system that op-
erates with a fuel system that has the above character-
istics while also improving engine efficiency by minimiz-
ing the parasitic losses even though fuel pressure is
raised to a very high level.
[0041] It is a further aspectof the invention to provide
a highly integrated fuel control system for an internal
combustion engine that results in minimal impact on pre-
existing engine designs while still providing precise con-
trol over injection quantity and timing, redundant fail safe
electronic components, and improved engine efficiency
at overall reduced costs with respect to competing prior
art systems.
[0042] Another aspectof the invention is to provide a
control system for a fuel pump assembly providing a

pump housing having plural pump chambers and plural
solenoid operated pump control valves corresponding
in number to the pump chambers for controlling the ef-
fective displacement of associated pump plungers op-
erating within each pump chamber. By this arrange-
ment, a pressure signal representative of the pressure
of the fuel in the fuel pump accumulator may be used
by the control system to control the solenoid operated
pump control valves to adjust thereby the effective dis-
placement of the plungers to cause the pressure of fuel
in the accumulator to equal a predetermined pressure
level.
[0043] Still another aspectof the invention is to pro-
vide an electronic control system for a compression ig-
nition engine which is capable of achieving very high in-
jection pressures, e.g. 5000 - 30,000 psi (about 34,47
to 206,8 MPa) and preferably 16,000-22,000 psi (about
110,3 to 151,7 MPa), with precise control over quantity
and timing in response to varying engine conditions.
[0044] It is also an aspect of the invention to provide
an electronic control system for a fuel pump assembly
characterized by the combination of a pump, distributor,
and accumulator.
[0045] Another aspectof the invention is to provide a
digital electronic fueling control system for controlling a
pair of pump control valves associated with a pump
feeding an accumulator, to thereby control displacement
of the pump elements so that they share the load and
maintain desired fuel pressure. A first injection control
valve is provided to control a pre-injection portion of the
injection for each cylinder and a second injection control
valve associated with the first injection control valve is
provided to control a main injection portion of the injec-
tion for each cylinder. The electronic control system may
also cause a backup valve to take over if one of the con-
trol valves (pump or injection) should become disabled.
[0046] Another aspect of the invention is to provide
an electronic control system for a novel fuel system hav-
ing a three-way valve, operable when energized to con-
nect an axial supply passage in a fuel distributor rotor
with a high pressure fuel accumulator and operable
when de-energized to connect the axial supply passage
in the distributor rotor with a low pressure drain.
[0047] Yet another aspect of the present invention is
to provide an electronic digital control system with rate-
shaping capability for controlling the amount of fuel in-
jected during the initial portion of the injection event by
controlling the increase in pressure at the nozzle assem-
bly.
[0048] Those skilled in the art will understand further
aspectsof the invention by reviewing the drawings in
conjunction with the detailed disclosure of the invention
herein.
[0049] In particular it is provided an electronic digital
control system, integral with an engine's fuel system,
that monitors and controls the operation of the engine
and fuel system. The control system is implemented
through a combination of digital and analog components
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and includes a microprocessor used to compute fuel
timing and quantity. Signals to activate injection to a plu-
rality of cylinders are transmitted through a single line
to a driving circuit for a single injector solenoid valve.
The control system also performs other functions relat-
ed to the fuel system, such as, for example, controlling
fuel pressurizing pumps.
[0050] The preferred embodiment also provides a
variable rate of fuel delivery during each injection event
that reduces the level of emissions generated by the die-
sel fuel combustion process by decreasing the volume
of fuel injected during the initial stage of the injection
event. A back EMF sensor is provided for the injector
solenoid and/or the pump control solenoids to precisely
determine opening time delays and to automatically
compensate for variations in these delays over time. In
addition, variable programmed delays specific to each
cylinder are provided, synchronously with the fueling of
the respective cylinders, in the output signal pulses
transmitted to the injection solenoid activation circuit.
These delays compensate for and permit use of varying
fuel line lengths between the distributor and the individ-
ual cylinder injector nozzles so that the fuel reaches
each cylinder at the desired time.
[0051] At startup, the system generates a train of
pump control signals at a predetermined spacing and
duty cycle to activate the pumping control solenoids dur-
ing initial revolution(s) of the engine, until engine angu-
lar position sensors provide an accurate indication of en-
gine angular position to allow precise timed control of
the pump. Pressure variations in the high pressure ac-
cumulator are monitored by the control system in con-
junction with injection events, and pump equipment fail-
ures or weaknesses are detected based on the pressure
variations.
[0052] In an alternative embodiment of the invention,
a pre-biasing current at battery voltage is provided to
the injection control valve prior to the desired time of an
injection event. Then, an increased opening current at
the same voltage is provided at the desired time of open-
ing, thus providing precise control and fast reaction of
the solenoid to control signals, while eliminating the
need for boost circuits to provide a large solenoid open-
ing voltage.
[0053] In embodiments of the invention where the en-
gine is not used for vehicular motive power, the elec-
tronic control system monitors a load application control
signal and changes fueling levels to increase engine
power when the load is to be applied, so that engine
power increases synchronously in conjunction with the
increased load level, rather than in response to a power
drain resulting from an unexpected load application.
[0054] The control system of the present invention, by
integrally controlling both a multi-chamber high pres-
sure pump to maintain a desired pressure range in a
high pressure accumulator, and also controlling an in-
jection solenoid by transmitting injection signals for all
cylinders through a single solenoid control output, pro-

vides numerous unobvious advantages.
[0055] First, this control system works synergistically
with the novel engine fueling component system de-
scribed previously to achieve substantial benefits which
could not be fully realized by providing either the elec-
tronic controls or the novel fuel system component con-
figuration in the absence of the other. Whereas other
fueling system options would require adaptive redesign
of the engine block and/or cylinder head of an engine,
the electronically controlled engine fueling component
system described above can be mounted on many die-
sel and other internal combustion engines without any
redesign of the engine block. Also, the electronically
controlled system of the present invention provides im-
proved fuel economy while at the same time reducing
harmful emissions. In short, the full operational benefits
of the engine fueling component system design cannot
be obtained without an electronic control system that
provides the control signals needed by the fueling sys-
tem, and at the same time enhances system operation
by implementing precision control algorithms that re-
duce emissions and improve engine performance,
economy, and safety.
[0056] Second, by combining injector control signals
for all cylinders and providing these control signals in a
single injector control output, the need for wiring in the
engine compartment is substantially reduced. In partic-
ular, the system requires only a single relatively short
wire leading from the electronic control system to the
single injector solenoid valve, rather than six or more
wires, each leading to a different cylinder injector nozzle
at the cylinder head. In cases where it is desirable to
separate the digital computer control function from pow-
er driving circuits for the solenoid valves, the provision
of a single injector solenoid control output makes it pos-
sible to rely on a simple connecting bus between the
digital control device and the power driving circuits.
Such a bus may use simple binary control signals and
may have as few as three or four wires to control timing
of all pumping and injection functions. In contrast, such
a control bus with an electronic control module of the
prior art would have required six or more control lines
just to control the individual cylinder injector solenoids,
and additional lines to control the accumulator pressure.
Minimizing the number of wires in the engine compart-
ment and the length of the wires reduces cost and en-
hances serviceability be keeping wires out of the way.
In the case of essential systems like fuel injection sys-
tems, reducing the amount of wiring in the system en-
hances reliability by minimizing the possibility of these
essential connections experiencing heat damage, me-
chanical damage during engine operation, and damage
during engine service. Minimizing the number of wires
also reduces both the generation and the reception of
electromagnetic interference, and thus reduces the
need for shielding and EMF filtering in the control cir-
cuits. For all these reasons, the reduction in the number
of wires achieved by the present control system is highly
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advantageous.
[0057] Third, the control circuit of the present inven-
tion can be more easily and effectively adapted to pro-
vide more accurate injection timing and fueling rates by
the addition of back EMF sensing functions, compared
to prior art circuits with multiple solenoid control outputs.
This advantageous result is obtained because the
present circuit has only one injector solenoid output for
which current flows must be monitored. In the prior art,
it would have been necessary either to provide a plural-
ity of back EMF sensing circuits, or to provide an inter-
face circuit allowing a single circuit to sense currents
flowing to a plurality of injector solenoids. The present
control system, by providing combined control of fuel
pump solenoids and transmitting all of its injector sole-
noid signals to a single output and thence to the single
injector solenoid, eliminates the need for multiple wires
and switching devices connecting the back EMF sensor
to the solenoids. In this way, this electronic control sys-
tem minimizes both electromagnetic field-type and in-
terfacing circuit-type interference with sensing opera-
tions. Further, this design makes it possible to more eas-
ily dynamically compensate for manufacturing varia-
tions and wear that result in variation in the time period
and voltage required for opening a given injection valve,
so that the valve opens at a precise desired time. Only
a single valve must be sensed, and since this valve is
constantly used to control injection to all cylinders, the
sensing algorithm can more immediately detect chang-
es in the valve response time during engine operation.
The system can store and analyze a single set of data
describing valve response to output signals, rather than
trying to compensate for different variations in a plurality
of different valves.
[0058] Fourth, the control circuit of the present inven-
tion can be more easily and effectively adapted for rate
shaping of fuel injection, compared to prior art circuits
with multiple solenoid control outputs. This advanta-
geous result is obtained because the present circuit has
only one injector solenoid control. Therefore, rate shap-
ing operations, which require accurate prediction of
valve response and uniformity of response across the
plurality of cylinders, can be accomplished more accu-
rately when only one valve control signaling circuit must
be activated. Variations in the response of different sig-
naling circuits, and variations in response of a plurality
of solenoids, are eliminated by the configuration of the
present invention. The present control system, by pro-
viding combined control of fuel pump solenoids and
transmitting all of its injector solenoid signals to a single
output and thence to the single injector solenoid, elimi-
nates the need for multiple wires and switching devices
transmitting the rate shaping commands to the sole-
noids. In this way, the electronic control system minimiz-
es both electromagnetic field-type and interfacing cir-
cuit-type interference with precision solenoid pulsing
operations. Further, as noted above, this design makes
it possible to dynamically compensate for manufactur-

ing variations and wear that result in variation in the time
period and voltage required for opening the injection
valve using back EMF techniques. A combination of
back EMF and rate shaping techniques can be applied
using the present invention to achieve a level of preci-
sion and repeatability in fuel injection that could not be
easily achieved with the prior art multiple valve control
systems. In particular, the system can store and analyze
a single set of data describing valve response to output
signals, rather than trying to compensate for different
variations in a plurality of different valves, and can use
this information on response of the single valve to per-
form desired rate shaping functions.
[0059] Thus, the electronic control system disclosed
herein makes possible significant improvements in en-
gine operation, fuel economy, emissions, and produc-
tion economy.

Brief Description of the Drawings

[0060]

Figure 1 is a schematic block diagram showing a
fuel system and control system in accordance with
the present invention;
Figure 2a is a block schematic diagram of the elec-
tronic control system of the fueling system of Figure
1 according to the present invention;
Figures 2b through 2e are circuit diagrams showing
detailed construction of interface and power com-
ponents of the electronic control system of Figure
2a;
Figure 3 is a general block diagram showing the hi-
erarchical relationship of the algorithms discussed
in Figures 4 through 10.
Figure 4 is a flowchart of an engine speed process-
ing algorithm (ESP) according to the present inven-
tion;
Figure 5 is a flowchart of an engine position
processing portion of the engine speed processing
algorithm according to the present invention;
Figure 6 is a flowchart of a speed processing portion
of the engine speed processing algorithm according
to the present invention;
Figure 7 is a flowchart of a fueling command con-
version algorithm (FCA) according to the present in-
vention;
Figure 8 is a flowchart of a pumping command con-
version algorithm (PCA) according to the present
invention;
Figure 9 is a state diagram of the valve event control
algorithm (VEC) according to the present invention;
Figure 10 is a flowchart of an accumulator pressure
sensor sampling (PSS) algorithm according to the
present invention;
Figure 11a is a cross sectional view of a rate shap-
ing device controlled by the present invention;
Figure 11b is a graph showing a fuel injection pres-
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sure waveform which can be generated by the
present invention using the device of Figure 11a;
Figure 12a is a graph showing a second fuel injec-
tion pressure waveform which can be generated by
the present invention using the injection valve of
Figure 1;
Figure 12b is a graph showing variations in wave-
forms due to differing solenoid valve responses in
prior art systems;
Figure 13 is a graph showing a further injector pres-
sure waveform which can be generated by the
present invention using both the device of Figure
11a and the injection valve shown in Figure 1;
Figure 14 is a block schematic diagram of a boost
circuit of the type used in the present invention;
Figure 15 is a graph showing a current dip during
valve transition which can be measured using back
EMF techniques as disclosed in the present inven-
tion;
Figure 16 is a schematic diagram of a back EMF
detection circuit according to the present invention;
Figure 17 is a graph of the waveforms associated
with the operation of the solenoid valve and back
EMF sensing circuit of the present invention;
Figure 18 is a graph showing the relationship be-
tween B and H for a typical solenoid valve;
Figure 19 is a block schematic diagram of a circuit
for providing three different voltage levels to the so-
lenoid injection valve according to the present in-
vention;
Figure 20 is a timing diagram showing the applica-
tion of the sequential solenoid voltages relative to
the movement of the solenoid valve;
Figure 21 is a block schematic diagram of an em-
bodiment of the present invention in which the con-
trol system compensates for uneven fuel line
lengths between the distributor and the cylinder in-
jection nozzles;
Figure 22 is a flowchart of the fuel line length com-
pensation algorithm of the present invention;
Figure 23 is a graph comparing the actuation cur-
rent over time of a boosted system to that of a pre-
biased system according to an alternative embodi-
ment of the present invention;
Figure 24a is a graph showing normal accumulator
pressure variations over time resulting from alter-
nating pumping and fueling events, and Figure 24b
is a graph illustrating an unusual deviation from the
standard pressures during operation;
Figure 25 is a flowchart of an algorithm used by the
present invention for detecting a failed pump with-
out extensive waveform filtering, analysis, and
processing;
Figure 26 illustrates a pulse waveform that could be
used to achieve accumulator pressurization despite
the absence of a positive engine position reference;
and
Figure 27 is a block schematic diagram of a control

system for use with a non-vehicular mounted inter-
nal combustion engine, such as an engine for use
with a generator set.

Description of the Preferred Embodiments

[0061] Figure 1 shows the unitized fuel delivery as-
sembly and control system controlled by the present in-
vention in schematic form, indicated generally at 10. The
system includes a high pressure accumulator 12 for re-
ceiving high pressure fuel for delivery to fuel injectors of
an associated engine, a high pressure pump 14 for re-
ceiving low pressure fuel from a low pressure supply
pump 15 and delivering high pressure fuel to accumu-
lator 12 and a fuel distributor 16 for providing periodic
fluidic communication between accumulator 12 and
each injector nozzle 11 associated with a respective en-
gine cylinder (not shown).
[0062] The assembly also includes one or more injec-
tion control valves 20 positioned along the fuel supply
line from the accumulator 12 to the distributor 16 for con-
trolling the timing and quantity of fuel injected into each
engine cylinder in response to control signals received
from an electronic control module (ECM) 13. Also, at
least one pump control valve 18, 19 positioned along
the fuel supply line to pump 14 is provided for controlling
the amount of fuel delivered to accumulator 12 so as to
maintain a desired fuel pressure in accumulator 12.
Pressure sensor 22 is provided to measure the pressure
of the fuel in accumulator 12.
[0063] The components of the fuel system may be
constructed according to the disclosure of WO-A-
94/27041. The distributor 16 is preferably constructed
according to the disclosure of US-A-5,353,766.
[0064] ECM 13 controls the operation of the pump
control valves 18, 19 and the injection control valve 20
based on various engine operating conditions to accu-
rately control the amount of fuel delivered by the distrib-
utor 16 to the injector nozzle 11 thereby effectively con-
trolling fuel timing, delivery and metering. ECM 13 is
connected with injection control valves 20 through injec-
tion control line 24. Injection control line 24 allows ECM
13 to monitor and control the operation of injection con-
trol valve 20, as described in more detail below. ECM
13 is also connected with pump control valves 18 and
19 and pressure sensor 22. ECM 13 can monitor the
pressure in accumulator 12 using pressure sensor 22
and control the operation of pump control valves 18 and
19 to ensure that accumulator 12 contains fuel at a de-
sired pressure. The operation of this function of the
present invention is also described in more detail below.
[0065] The external connections of ECM 13 that are
used to sense the operating characteristics of the inter-
nal combustion engine are also shown in Figure 1. ECM
13 is connected to external engine monitoring devices
through input lines 30, 32 and 34. Although only three
lines are shown in Figure 1, any number of lines could
be provided to connect ECM 13 with appropriate engine
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sensors. As shown, input line 30 is connected with an
engine position sensor 31 that provides information
about the position of an internal combustion engine to
ECM 13. For example, the position sensor could be
placed on the camshaft of the internal combustion en-
gine and configured to provide a single electrical pulse
to ECM 13 indicating when cylinder number 1 of the en-
gine is at a top dead center (TDC) position. In this man-
ner, an accurate determination of the rotational position
of the internal combustion engine can be made within a
single revolution of the engine camshaft. Of course, oth-
er position sensing means could be employed with the
present engine control system to achieve the purposes
of the present invention.
[0066] Input line 32 is connected with a speed sensor
33 that provides information concerning the speed of the
internal combustion engine to ECM 13. For example, the
speed sensor may be a Hall effect type sensor that gen-
erates and transmits a single pulse to ECM 13 for each
tooth on a crankshaft gear that passes the sensor. If the
crankshaft gear has, for example, 72 teeth, then 72 puls-
es would be provided to ECM 13 for each complete rev-
olution of the engine crankshaft. By measuring the time
between these pulses, ECM 13 can easily and accurate-
ly determine the rotational speed of the internal com-
bustion engine. Of course, other speed sensors could
also be used with the present invention.
[0067] Input line 34 is connected with a throttle posi-
tion sensor 35 that provides information concerning the
present throttle position of the internal combustion en-
gine to ECM 13. The throttle position sensor 35 could
be any standard sensor employed to detect the throttle
position of an internal combustion engine.
[0068] Using the information received from engine po-
sition sensor 31 and speed sensor 33, ECM 13 can also
easily and accurately determine the rotational position
of the internal combustion engine at any point in time.
Specifically, engine position sensor 31 provides an indi-
cation of a predetermined engine position for every full
rotation of the engine camshaft. For example, engine
position sensor 31 could provide a pulse at each occur-
rence of the top dead center of engine cylinder number
1. As discussed above, this provides a positive indica-
tion to ECM 13 of the exact rotational position of the en-
gine at the time that the pulse is received. Furthermore,
as discussed above, engine speed sensor 33 provides
a series of pulses for each tooth on the engine crank-
shaft gear. Therefore, if the number of teeth on the
crankshaft gear is known, it is possible to determine the
amount of rotation of the crankshaft gear by counting
the number of pulses and comparing that to the total
number of pulses for a full revolution of the crankshaft.
[0069] To illustrate, if the crankshaft gear has 72
teeth, then 72 pulses will be received from speed sensor
33 by ECM 13 for each revolution of the engine crank-
shaft. Furthermore, since the engine crankshaft will
complete two complete revolutions (720°) for each sin-
gle revolution (360°) of the engine camshaft, then 144

pulses will be received from speed sensor 33 by ECM
13 for each revolution of the internal combustion engine
camshaft. Therefore, ECM 13 can begin counting puls-
es received from speed sensor 33 after the position in-
dicating pulse is received from position sensor 31. If for
example, ECM 13 receives 36 pulses (representing en-
gine crankshaft gear teeth) since the last position pulse
(representing TDC of cylinder number 1) was received
from position sensor 31, then ECM 13 can mathemati-
cally calculate the position of the internal combustion
engine. Since 36 divided by 144 equals .25, the engine
camshaft has rotated one quarter turn beyond the top
dead center of engine cylinder 1. Similarly, since the en-
gine crankshaft makes two complete revolutions for
each single revolution of the camshaft, 36 pulses would
indicate that the engine crankshaft has completed one
half revolution since the last pulse was received from
position sensor 31.
[0070] As discussed above, position sensor 31 could
be connected to the camshaft of an internal combustion
engine and provide a single pulse at a predetermined
position to indicate the exact rotational position of the
engine. Due to manufacturing and operating tolerances,
the engine crankshaft will provide a more accurate
measure of the engine's rotational position. However,
due to space and size constraints, it may not be possible
or desirable to place an additional position sensor on
the engine crankshaft. Therefore, to overcome these
problems, position sensor 31 can be designed to con-
nect with the engine camshaft and to provide a single
pulse at some time just prior to a pulse from speed sen-
sor 33, which pulse represents a known predetermined
engine position. Therefore, when ECM 13 receives a
pulse from position sensor 31, it knows that the next
pulse received from speed sensor 33 will occur when
the engine is at a predetermined position, such as the
TDC of cylinder number 1. This allows the control sys-
tem to take advantage of the more accurate position
measurement that can be made from the engine crank-
shaft without the necessity of providing an additional
sensor on the crankshaft or crankshaft gear itself.
[0071] From the above example it will be apparent to
those of skill in the art that the exact rotational position
of the internal combustion engine can be determined
simply from the engine position sensor 31 and the speed
sensor 33 described above. Furthermore, other meth-
ods of determining the engine position and speed from
the use of these two sensors will be apparent to those
of skill in the art.
[0072] The operation of ECM 13 in monitoring the
pressure in accumulator 12 using pressure sensor 22
and in controlling the operation of pump control valves
18 and 19 to ensure that accumulator 12 contains fuel
at the proper pressure will now be described in more
detail. Referring first to Figure 1, it can be seen that high
pressure pumps 14 receive fuel from a low pressure
supply pump 15 through pump control valves 18 and 19.
[0073] Generally, pump control valves 18 and 19 re-
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main open so that fuel from low pressure supply pump
15 may be delivered during the downstroke of each
pump 14. During the compression stroke of each pump
14, with pump control valves 18 and 19 open, fuel will
be forced back to low pressure supply pump 15 or to a
drain (not shown) and returned to a fuel reservoir. If,
however, it is desired to supply additional pressurized
fuel to the accumulator 12, then pump control valve 18
or 19 will be closed during the compression stroke of the
respective high pressure pump 14. With pump control
valve 18 or 19 closed, pressure will build in the chamber
of high pressure pump 14 until it is sufficiently great to
overcome the pressure in accumulator 12 and thereby
open the respective check valve 36. As high pressure
pump 14 continues to pressurize the fuel, it will pass
through check valve 36 and into high pressure accumu-
lator 12.
[0074] Because of the extremely high pressure gen-
erated by pumps 14, pump control valves 18 and 19 will
remain closed even though a control signal from ECM
13 is no longer present. Control valves 18 and 19 can
be such that the pressure from the chamber of the cor-
responding high pressure pump 14 will hold the valve in
a closed position, despite the absence of a control signal
commanding the vale to remain closed. In the most pre-
ferred embodiment of the invention, it is not necessary
to use costly, high pressure valves for pump control
valves 18 and 19. Rather, a lower cost solenoid actuated
valve can be used that will remain closed due to the
pressure generated by high pressure pumps 14 despite
the absence of the control signal from ECM 13. This has
the further advantage in the present invention of allow-
ing ECM 13 to calculate the desired initiation time of a
pumping event, command that pumping event to initiate,
and to continue processing other tasks. It is not neces-
sary for ECM 13 to positively indicate the end of the
pumping event, since the pumping event will automati-
cally terminate when the piston of high pressure pump
14 begins its downward travel and thus relieves pres-
sure from pump control valves 18 and 19.
[0075] Therefore, as will be discussed in more detail
below in connection with the software used by the
present control system, ECM 13 needs merely to deter-
mine at which point in the compression stroke of high
pressure pump 14 the appropriate pump control valve
18 or 19 should be closed. To facilitate this determina-
tion, ECM 13 monitors the pressure in accumulator 12
using pressure sensor 22. When the analysis of the
pressure signal from pressure sensor 22 indicates that
additional pressurized fuel should be added to accumu-
lator 12, ECM 13 calculates at which point in the com-
pression stroke of the high pressure pumps 14 the re-
spective pump control valve 18 or 19 should be closed.
ECM 13 then generates an appropriate timing signal to
ensure that an adequate amount of pressurized fuel is
added to accumulator 12.
[0076] As discussed above, once ECM 13 closes
pump control valve 18 or 19, the pressure generated by

high pressure pumps 14 will keep pump control valves
18 or 19 closed until the end of the pumping event. This
allows ECM 13 to benefit from an automatic termination
of the pumping event. However, when ECM 13 issues a
control signal to pump control valves 18 or 19, the du-
ration of this signal must be sufficient to ensure that the
pressure produced by high pressure pumps 14 is ade-
quate to hold pump control valves 18 or 19 closed. In a
less preferred embodiment of the present invention,
ECM 13 generates a signal of a fixed time duration and
uses that fixed time signal to control pump control valves
18 or 19. However, since high pressure pumps 14 are
mechanically interfaced with the internal combustion
engine, the speed of pumps 14 vary with the engine
speed. This results in the pressure developed in the
chamber of the pumps 14 to vary with the speed of the
engine. Therefore, an unnecessary long fixed time must
be used by ECM 13 in order to ensure that adequate
pressure is produced by high pressure pumps 14 to hold
the pump control valves 18 and 19 closed when the in-
ternal combustion engine is operating at a low speed.
This fixed duration signal is not necessary however
when the internal combustion engine is operating at a
high rpm.
[0077] Therefore, in the most preferred embodiment
of the present invention, ECM 13 generates a control
signal to pump control valves 18 and 19 that has a du-
ration that is related to the rotational position of the in-
ternal combustion engine. For example, ECM 13 could
generate a control signal to valve 18 or 19 having, for
example, a duration approximately equivalent to the
time required for 40° of engine crankshaft rotation.
Pumps 14 will generate substantially the same pressure
in the pumping chamber during the time required for 40°
of crankshaft rotation to occur independent of the rota-
tional speed of the engine. In this manner, ECM 13 can
generate a control signal to pump control valves 18 and
19 having a duration that is the minimum required to en-
sure that adequate pressure is developed by high pres-
sure pumps 14 to maintain pump control valves 18 and
19 closed independent of engine speed.
[0078] ECM 13 also operates pump control valves 18
and 19 in a unique manner during engine start up in or-
der to facilitate pressurization of accumulator 12. This
operation is discussed in more detail below in connec-
tion with the engine position sensor operation.
[0079] A block diagram of the control system of the
present invention is shown in Figure 2a. As can be seen
in that Figure, the control system in the most preferred
embodiment of the present invention includes a digital
control portion 232 and a driver portion 234 that are con-
nected through connector 200. It is thought that the dig-
ital control portion 232 and driver portion 234 should be
separated to avoid electromagnetic interference (EMI)
between the respective components thereof. However,
if EMI problems can be eliminated or reduced, space
considerations may dictate that the two portions be com-
bined into a single, integrated unit.
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[0080] Also connected to the driver portion 234
through connector 200 are battery 228 positive and neg-
ative terminals and a vehicle keyswitch indication 236.
The provision of the battery terminals provides power to
the driver portion 234 and the terminals are used by the
driver portion 234 to control the operation of the fueling
and pumping elements of the fuel system. Furthermore,
the keyswitch indication 236 provides an indication that
the vehicle switch is activated, thus provided a fail-safe
mechanism to prevent erroneous operation of the
fueling or pumping circuitry when the vehicle switch is
in an OFF position.
[0081] Digital portion 232 includes a microprocessor
230, which may be a 68331 or 68332 commercially man-
ufactured by Motorola. Also, digital portion 232 includes
the respective supporting integrated circuits (not shown)
for operation of microprocessor 230. Furthermore, if de-
sired for the operation of microprocessor 230, digital
portion 232 could include additional memory or diagnos-
tic circuitry.
[0082] Generally, the interface between the digital
portion 232 and the driver portion 234 through connector
200 is particularly simple in the present invention. This
results from the design of the fuel system and particu-
larly from the use of a single injection solenoid. In the
most preferred embodiment of the invention, the digital
portion 232 provides a pump command, pump select,
and a injection command signal to the driver portion 234.
The pump select signal directs the driver circuitry to se-
lect a given high pressure pump 14 to be used in a
pumping event to pressurize accumulator 12. The pump
command signal directs the driver circuit to close the
pump control solenoid valve 18 or 19 associated with
the selected pump 14, thereby initiating a pumping
event. The injection command signal directs the driver
circuitry to open the injection control valve 20, thus sup-
plying fuel from the high pressure accumulator to the
appropriate engine cylinder selected by distributor 16.
[0083] From the above description it will be apparent
that the control system of the present invention has a
simple interface between a digital portion and a driver
portion. Since this separation is desirable, or even nec-
essary, to avoid EMI between the two portions, the re-
duced number of interconnections required with the
present invention will substantially reduce the cost and
complexity of the present control system.
[0084] From Figure 2a, it can be seen that driver por-
tion 234 includes injection solenoid driver circuitry 238,
high voltage boost generation circuitry 240, keyswitch
processing circuitry 242 and pump solenoid driver cir-
cuitry 244. Generally, the battery terminals will be pro-
vided to the high voltage boost generation circuitry 240
and keyswitch processing circuitry 242. The high volt-
age boost generation circuitry 240 uses this battery volt-
age to generate a boost voltage output 246 that is sup-
plied to the injection solenoid driver circuitry 238 and
pump solenoid driver circuitry 244 (if required). Because
the present invention only has a single injection sole-

noid, it is not necessary that a plurality of boost circuits
or complex high-power switching arrangements be used
to supply a boost voltage to a plurality of injector sole-
noids. This greatly reduces the cost and complexity of
the present system. The keyswitch processing circuitry
242 uses the battery voltage to generate a gate voltage
provided on a gate voltage output 248 that is used to
power the circuitry in the injection solenoid driver circuit-
ry 238 and pump solenoid driver circuitry 244. In this
manner, unless the keyswitch processing circuitry 242
generates an appropriate gate voltage provided on gate
voltage output 248 in response to a valid keyswitch in-
dication 236, then injection solenoid driver circuitry 238
and pump solenoid driver circuitry 244 will not operate.
Thus, keyswitch processing circuitry 242 acts as a fail-
safe circuit prevent erroneous operation of the control
system.
[0085] Injection solenoid driver circuitry 238 is con-
nected to microprocessor 230 through a single injection
command signal line. Pump solenoid driver circuitry 244
is connected to microprocessor 230 through a pump se-
lect signal line and a pump command signal line. These
three lines provide the signals to control the operation
of the injection solenoid driver circuitry 238 and pump
solenoid driver circuitry 244.
[0086] Injection solenoid driver circuitry 238 includes
injection solenoid controller 202, high side driver circuit-
ry 204, current sense circuit 206 and low side driver cir-
cuit 208. Injection solenoid controller 202 is connected
with the injection command signal line through connec-
tor 200 for receiving an injection command signal; with
boost driver circuitry 205 for controlling the application
of a high voltage control signal to injection solenoid
valve 20; with current sense circuitry 206 for receiving
an indication of the value of the current being supplied
to injection solenoid valve 20; and with low side driver
circuitry 208 for receiving a injection command. High
side driver circuitry 204 and low side drive circuitry 208
are connected to injection solenoid valve 20 and to cur-
rent sensing circuitry 206 to allow for the sensing of the
solenoid current.
[0087] High voltage boost generation circuitry 240 in-
cludes high voltage generation circuitry 212 and boost
voltage output 246. The high voltage generation circuitry
212 receives battery voltage from battery 228 through
connector 200 and generates a high voltage boost sig-
nal that is provided on boost voltage output 246. Typi-
cally, this boost voltage is in the range of 100 to 250 Vdc
and preferably in the range of 150 to 200 Vdc. The boost
voltage generated by high voltage boost generation cir-
cuitry 240 is provided to injection solenoid driver circuitry
238 for use in operating the injection solenoid valve.
[0088] Pump solenoid driver circuitry 244 includes
pump solenoid controller 216, high side driver circuitry
218, current sense circuit 220 and low side driver circuit
222. Pump solenoid controller 216 is connected with the
pump command signal line through connector 200 for
receiving a pump command signal; with high side driver
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circuitry 218 for controlling the application of a voltage
control signal to pump control valves 18/19; with current
sense circuitry 220 for receiving an indication of the val-
ue of the current being supplied to pump solenoid con-
trol valves 18/19; and with low side driver circuitry 222
for receiving a pump command. High side driver circuitry
218 and low side drive circuitry 222 are connected to
pump solenoid control valves 18/19 and to current sens-
ing circuitry 220 to allow for the sensing of the solenoid
current.
[0089] Referring next to Figures 2b-2e, electrical
schematic diagrams of one circuit that can be used to
implement the control circuitry are shown. Specifically,
Figure 2b illustrates a circuit that can be used to imple-
ment injection solenoid driver circuitry 238; Figure 2c il-
lustrates a circuit that can be used to implement high
voltage boost generation circuitry 240; Figure 2d illus-
trates a circuit that can be used to implement keyswitch
processing circuitry 242; and Figure 2e illustrates a cir-
cuit that can be used to implement the pump solenoid
driver circuitry 244. The same reference numbers used
in Figure 2a are used in Figures 2b-2e for clarity.
[0090] Referring first to Figure 2b, the injection sole-
noid driver circuitry 238 is shown. Injection solenoid driv-
er circuitry 238 serves to provide the necessary electri-
cal signals to operate the injection control valve 20.
These electrical control signals include a high voltage
boost signal, a high current solenoid pull-in signal and
a low current solenoid holding signal. Typically, the high
voltage boost signal would consist of a 150-200 volt
pulse having a duration of approximately 100 microsec-
onds (for the rising edge only). After the application of
such boost signal, then the high current pull-in signal is
applied for approximately 500 microseconds. Finally,
the low current holding signal, typically generated by a
12 volt battery voltage, would be applied for the duration
of the injection event to maintain injection solenoid valve
20 in an open position. As can be seen in the Figure,
injection solenoid controller 202 includes an integrated
circuit solenoid controller. This integrated circuit control-
ler is a application specific integrated circuit (ASIC) that
is programmed to perform the generation and applica-
tion of the driving signals as discussed above. Further-
more, controller 202 includes a current sensor that mon-
itors the current through the injection solenoid and pro-
vides a pulse width modulated activating signal to the
injector solenoid to maintain the current within a prede-
termined current range, such as, for example, 18-22 am-
peres during the pull-in voltage application and 9-11 am-
peres during the application of the holding current. The
remainder of Figure 2b, including high side driver circuit-
ry 204, current sensing circuitry 206 and low side driver
circuitry 208, can be readily understood by one of skill
in the art upon inspection.
[0091] Referring to Figure 2c, connector 200 and
boost voltage output 246 are indicated. The remainder
of Figure 2c constitutes high voltage generation circuitry
212 and is readily understood by one of skill in the art.

Similarly, with reference to Figure 2d, connector 200 and
gate voltage output 248 are indicated while the remain-
der of Figure 2d constitutes key switch processing cir-
cuitry 214 and is readily understood by one of skill in the
art. In Figure 2e, pump solenoid controller 216, high side
driver circuitry 218, current sensing circuitry 220 and low
side driver circuitry 222 are indicated. Pump solenoid
controller 216 again includes an ASIC having similar op-
eration to that described above with respect to the in-
jector solenoid driver including current sensing opera-
tion and pulse width modulation to maintain the solenoid
current within prescribed limits. No boost driver circuitry
is required, however, for the operation of the pump con-
trol valves.
[0092] Next, the software used in ECM 13 and incor-
porated into digital portion 232 to perform engine control
functions will be described in detail. In is important to
recognize the ECM 13 includes a microprocessor such
as, for example, a 68331 or 68332 commercially avail-
able from Motorola. This microprocessor can perform a
variety of computer related functions related to the op-
eration of the internal combustion engine, or the vehicle
or device in which the internal combustion engine is
mounted. For example, in addition to controlling the
fueling of the engine, the microprocessor can also per-
form vehicle diagnostic tests and/or forward information
concerning vehicle performance to the driver or other
remote location.
[0093] The fueling of an internal combustion engine,
however, requires precise timing operations to be per-
formed in order to adequately execute engine fueling
procedures. Therefore, in order to perform this plurality
of operations, the microprocessor of the present inven-
tion is interrupt driven for engine fueling operation. At
the occurrence of each interrupt (which will occur for
each position pulse from position sensor 31 and for each
speed pulse for speed sensor 33) the ECM 13 executes
a series of algorithms that provide for engine fueling and
accumulator pressurization. By making the microproc-
essor interrupt driven, it is possible to reduce the
number of microprocessors or other controllers needed
on the vehicle, while still achieving accurate engine fuel
control.
[0094] Furthermore, although the 68331 microproc-
essor is discussed herein and the programs set forth in
the software appendix have been designed to operate
on the 68331 processor, it will be much preferred in the
commercial implementation of the subject invention to
employ a microprocessor such as the 68332 or the like.
The 68332 processor is preferred because it supports
more advanced timing operations than the 68331 proc-
essor. Specifically, the 68332 processor includes a time
processing unit, or TPU, while the 68331 processor in-
cludes only a general purpose timer, or GPT. Because
the control of fuel injection and pumping events requires
extremely accurate timing control, for which the TPU is
better suited, the 68332 processor is preferable. The ac-
companying discussion and programs set forth for the
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68331 microprocessor will enable those of skill in the art
to adapt the concepts of the present invention to the
68332 or other processors.
[0095] In the present implementation of the fuel con-
trol system discussed herein and illustrated in the soft-
ware appendix, the 68331 processor having a GPT is
used. The GPT of the 68331 processor simply operates
to count timing pulses occurring at a predetermined rate.
For example, the GPT could be programmed to count
pulses occurring every 10 milliseconds. In this manner,
the GPT can be used to determine the time between
events by calculating the difference in the GPT between
the two events, or to initiate an event at a predetermined
time by utilize the output comparator operation of the
68331 processor that will be familiar to those of skill in
the art.
[0096] The software used to implement the control
system of the present invention will now be described
in detail. Figure 3 is a block diagram illustrating the hi-
erarchial relationship of the software control algorithms
used in the present invention. As noted above, the
fueling control system of the present invention is prima-
rily interrupt driven. The main interrupt handling routine
is the engine speed processing (ESP) routine 300. This
routine processes all interrupts generated by speed
sensor 33 and position sensor 31 of the internal com-
bustion engine. The source code for the ESP algorithm
is set forth in part A of the software appendix. Also, the
variable definitions used for all of the software algo-
rithms in the software appendix are set forth in part I of
the appendix.
[0097] There are three subroutines or sub-algorithms
that are executed by the ESP algorithm. The accumu-
lator pressure sensor sampling (PSS) algorithm 302
performs all of the engine speed synchronous activities
used to control the fuel pressure in the accumulator 12.
The PSS algorithm is integral with the ESP algorithm
and is set forth in the software appendix with the ESP
algorithm in part A. The accumulator pressure set point
(PSP) algorithm 304 and accumulator pressure control
(PCR) algorithm 306 are used by PSS algorithm 302
during this pressure processing. The source code for
PSP and PCR algorithms is set forth as parts B and C
respectively in the software appendix.
[0098] The position processing algorithm 308 is cur-
rently implemented as a part of the ESP routine 300
(software appendix, part A). The function of the position
processing algorithm 308 is to provide specific process-
ing for interrupts generated by position sensor 31.
[0099] The speed processing algorithm 310 is also
currently implemented as part of the ESP routine 300
(software appendix, part A). The speed processing al-
gorithm 310 provides processing support for interrupts
generated by speed sensor 33. The speed processing
algorithm is executed once for every interrupt generated
by speed sensor 33, which may be from about 10° to
50° of engine crankshaft rotation. Therefore, the speed
processing algorithm 310 acts as an entry point for all

further fueling and pumping controls.
[0100] Control of the engine fueling system are per-
formed by the fueling command conversion (FCA) algo-
rithm 312. This algorithm determines if a fueling event
is necessary and, if so, the start and duration of the
fueling event. The fueling to on-time conversion (FON)
algorithm 314 is used by FCA algorithm 312 to calculate
the duration of a fueling event. The valve event control
(VEC) algorithm 316 provides specific control signals to
the fueling valves used by the engine control system.
The source code for the FCA, FON and fueling VEC al-
gorithms is set forth as parts D, E and F respectively in
the software appendix.
[0101] Control of the accumulator fuel supply pump-
ing system is performed by the pumping command con-
version (PCA) algorithm 318. PCA algorithm 318 calcu-
lates the appropriate valve close angle for pumps 14 and
converts this angle to an appropriate timer reference for
processing the valve event control (VEC) algorithm 320.
VEC algorithm 320 controls the pump control valves 18
and 19 to cause high pressure pumps 14 to supply fuel
to the accumulator 12. The VEC algorithm 316 used for
fueling valve control, and the VEC algorithm 320 used
for pumping valve control are substantially similar. How-
ever, since these algorithms may both be active at the
same time, they are implemented as two separate soft-
ware programs. Accordingly, the source code for the
PCA and VEC pumping algorithms is set forth as parts
G and H respectively in the software appendix.
[0102] Each of the above algorithms will now be dis-
cussed in more detail. Upon the receipt of an interrupt,
the fuel system controller executes a series of computer
software programs for monitoring and controlling the fu-
el system. A detailed discussion of the various programs
is provided below in conjunction with reference to the
appropriate Figures, which depict flowcharts of the pro-
gram operation. Additionally, as noted above, the
source code for the software programs represented by
these flowcharts is reproduced in the microfiche appen-
dix.
[0103] Figure 4 is a flowchart of an engine speed
processing algorithm (ESP) used in the present inven-
tion. Processing starts in block 400 of Figure 4 in which
the source of the interrupt currently being processed is
determined. As discussed above, the ESP algorithm
shown in Figure 3 is executed whenever an interrupt is
received from an engine sensing system (i.e. a speed
or position sensor). Referring to Figure 1 and the dis-
cussion associated therewith, an interrupt can occur ei-
ther from position sensor 31 or speed sensor 33. There-
fore, block 400 in Figure 4 first determines whether the
current interrupt being processed resulted from the en-
gine position sensor 31 or from the engine speed sensor
33. If the interrupt is a result of engine position sensor
31, processing proceeds along path 402 to block 404
where a position processing algorithm is executed. The
position processing algorithm shown in block 404 is
shown in more detail in Figure 5 and will be discussed
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below in connection that Figure.
[0104] Following completion of the position process-
ing, execution continues in block 406. In block 406 the
Engine Speed Processing algorithm checks to see if en-
gine speed sensor (ESS) diagnostics have been acti-
vated. ESS diagnostics would be activated, for example,
if the system detects an error or fault with the engine
speed sensor. The diagnostics could include special
processing routines to correct or compensate for the
sensor defect, or simply the provision of an error indica-
tion so that service personnel would be notified of the
defect during a routine maintenance inspection. If an er-
ror consistently occurs, the ECM 13 could easily com-
pensate for the defect until the sensor could be repaired.
[0105] If the ESS diagnostics are active, indicating an
error or fault condition with the speed sensor, then the
speed processing algorithm is executed in block 408.
This allows the engine to operate at a reduced capacity,
or in a "limp home" mode if the engine speed sensor
fails. The control system will interpolate the engine po-
sition sensor data based on the data received from the
engine position sensor. The result is an approximate en-
gine speed that can be used in place of the exact data
received from the engine speed sensor. This approxi-
mated engine speed can then be used to control fueling
and pumping events. The detailed operation of the
speed processing algorithm will be discussed in more
detail below in connection with Figure 6. If the ESS di-
agnostics are not active, or following the completion of
the execution of the speed processing algorithm, control
returns at block 410.
[0106] Block 410 represents an optional control algo-
rithm that could be used in the present invention, but is
not necessary for the proper operation of the fuel control
system. In block 410 the fuel system determines if the
engine speed sensor data should also be processed in
addition to the engine position sensor data. It may be
desirable, for example, to process the engine speed
sensor data at this point in the program to avoid an un-
necessary delay in processing the data resulting from
the need for the program to await a speed sensor inter-
rupt signal. If the capture status is inactive, indicating
that the engine speed sensor information should not be
processed, control passes to block 412 and the engine
speed processing algorithm ends. If, however, the ESS
capture status is active, indicating that the engine speed
sensor data should be processed, control transfers to
block 420 and speed processing is executed normally,
as discussed in detail below.
[0107] Returning to block 400 in Figure 4, if it is de-
termined that the interrupt resulted from the engine
speed sensor 33 (Figure 1), then processing follows
path 401 to block 414, where a pressure control algo-
rithm is executed. A detailed discussion of the pressure
control algorithm shown in block 414 is set forth below
in connection with Figure 10. Following completion of
the pressure control algorithm, processing continues in
block 416, where the difference in present value of the

general purpose timer and the value at the last speed
processing interrupt is determined. As discussed above,
this difference in the GPT can be used to determine the
time between two events in the fuel control system. The
difference in the GPT counter value (or "delta counts")
represents the time between speed sensor interrupts;
that is, the number of pulses received multiplied by the
time between GPT pulse repetitions represents the time
that has elapsed since the last speed interrupt occurred.
By knowing the time since the last interrupt occurred,
and. the number of crank degrees between speed sen-
sor interrupts, it is possible to easily calculate actual en-
gine speed.
[0108] The value calculated in block 416, the differ-
ence in the GPT counter value between speed sensor
interrupts, can also optionally be passed to an engine
speed algorithm (ESA) in block 418. The ESA operates
in the background (i.e. is not required to be in synchro-
nism with the engine rotation, but is continuously exe-
cuted) and serves to provide engine speed information
to other algorithms within the engine control system and
to other vehicle systems. As discussed below, more de-
tailed processing of this raw speed data is performed by
a speed processing algorithm for use by the fuel control
system.
[0109] Processing continues in block 420 with the ex-
ecution of the speed processing algorithm. The speed
processing algorithm is discussed in more detail below
in connection with Figure 6 and the accompanying de-
scription thereof.
[0110] Upon completion of the engine speed process-
ing algorithm, the control system checks to see if any
TDC diagnostics are active in block 422. TDC diagnos-
tics could be active, for example, where an engine po-
sition sensor error or failure has occurred. For example,
as will be discussed below in connection with the engine
position processing algorithm, if the number of speed
sensor interrupts exceeds a predetermined number,
then a position sensor fault is detected and TDC diag-
nostics are activated. If the TDC diagnostics are active,
processing continues in block 424 and the availability of
position information is checked. In this manner, the con-
trol system can continue to operate despite the fact that
the position sensor has failed. This allows the engine to
be operated until the position sensor can be repaired. If
the engine is shut down, however, it may not be possible
to restart the engine since the control system will lack
any position information and therefore will not be able
to correctly fuel the engine cylinders. In the most pre-
ferred embodiment of the present invention, however, it
is possible to derive the position information from the
speed sensor signal and thus allow the engine to be re-
started. Even under these circumstances, however, the
engine is operating in a corrective mode, since the exact
engine position will not be able to be derived from the
crankshaft speed sensor alone.
[0111] Next, in block 426, the position processing al-
gorithm is executed. As noted above, the position
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processing algorithm is shown and discussed in more
detail in connection with Figure 5 below. If the TDC di-
agnostics are not active in block 422, or following the
completion of the execution of the position processing
algorithm in block 426, processing continues in block
428.
[0112] In block 428 the TDC capture status is
checked. If the TDC capture status is active, processing
is transferred to block 404 where normal position
processing is performed. If, however, the TDC capture
status is inactive in block 428, processing transfers to
block 412 and the algorithm ends.
[0113] Block 428 is similar in purpose to block 410 and
represents an optional control algorithm that could be
used in the present invention, but is not necessary for
the proper operation of the fuel control system. In block
428 the fuel system determines if the engine position
sensor data should also be processed in addition to the
engine speed sensor data. As in block 428, it may be
desirable, for example, to process the engine speed
sensor data at this point in the program to avoid an un-
necessary delay in processing the data that results from
the need for the program to await a position sensor in-
terrupt signal. If the TDC capture status is inactive, in-
dicating that the engine position sensor information
should not be processed, control passes to block 412
and the engine speed processing algorithm ends. If,
however, the TDC capture status is active, indicating
that the engine position sensor data should be proc-
essed, control transfers to block 404 and speed
processing is executed normally as discussed above.
[0114] Next, the position processing algorithm shown
in blocks 404 and 426 of Figure 4 will be discussed in
more detail with reference to Figure 5, which illustrates
a more detailed depiction of the algorithm. The primary
purpose of the position processing algorithm is to syn-
chronize the execution of the control system software
with the rotational position of the internal combustion en-
gine. The position processing algorithm will only be ex-
ecuted when a TDC reference has been detected from
position sensor 31 (shown in Figure 1). As noted above,
this TDC reference could be direct (i.e. an actual indi-
cation from the position sensor that the TDC condition
exists) or indirect (i.e. an indication from the position
sensor that the next speed sensor pulse represents a
TDC condition).
[0115] Processing begins in block 500 where it is de-
termined whether or not a position reference has been
previously established by the control system. This de-
termination ascertains whether an initial pulse from po-
sition sensor 31 has already been received, or whether
this is the first pulse to be received from the sensor. This
is critical during engine start-up. If no determination is
made that this is the first pulse received from the position
sensor, then the counter check in block 504 could fail
and result in an erroneous position (or TDC) diagnostic
being issued in block 506.
[0116] If a position reference has been established,

processing continues at block 504, where the position
counter-status is verified. In block 504, the control sys-
tem compares the number of pulses received from
speed sensor 33 to a predetermined correct amount or
verification value representing the number of pulses that
should be received for each revolution of the engine
crankshaft. This correct amount or verification value is
typically equal to the number of teeth on the gear used
to sense engine speed by speed sensor 33. In opera-
tion, the algorithm of Figure 5 should be executed every
720° of crank rotation, or 360° of camshaft rotation,
since at that time a position indicating pulse will typically
be issued by position sensor 31. During this rotation, the
position counter should receive a number of pulses
equal to the number of teeth on the crankshaft gear.
Therefore, this comparison in block 504, serves to verify
that a counting error has not occurred by speed sensor
33 during the revolution since a position pulse was re-
ceived from position sensor 31.
[0117] If the position counter status is found to be cor-
rect, processing flows to block 508 where the diagnostic
flags are cleared indicating that the system is operating
correctly. If, however, the counter status is determined
to be faulty, then processing is transferred to block 506
where a position (or TDC) diagnostic is initiated. After
the issuance of a TDC diagnostic in block 506, or the
clearing of the diagnostic flags in block 508, execution
is transferred to block 510. In block 510, the position
counter is cleared, or reset, to zero to begin counting
position pulses for the next revolution of the engine
crankshaft.
[0118] Execution continues in block 512, and the
pulse accumulator (PAI) is reset to FE hexadecimal. The
purpose of the pulse accumulator is to facilitate the
counting of the speed sensor pulses. The pulse accu-
mulator is used to count every second or third pulse that
is received from the engine speed sensor. This is ac-
complished by incrementing the pulse accumulator for
every pulse from the speed sensor, and providing an in-
terrupt when an overflow of the pulse accumulator oc-
curs. The engine speed sensor generates a pulse for
every tooth of the crankshaft gear that passes the sen-
sor. Typically this results in a pulse for every 10° of en-
gine crankshaft rotation. However, the present invention
only needs to process a interrupt for every 30° of engine
crankshaft rotation. The pulse accumulator assists in
accomplishing this objective by providing a means by
which every third pulse from the speed sensor is count-
ed by the control system.
[0119] The pulse accumulator also serves to maintain
the control system in synchronism with engine rotation.
When a position pulse is indicated, the pulse accumu-
lator is reset to FE hexadecimal. Thus, on the second
speed sensor pulse received thereafter, an overflow
condition will result. Furthermore, the position sensing
circuitry will interpret the interrupt generated as a result
to indicate a positive engine position, such as the TDC
of cylinder number 1. The system then resets the pulse
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accumulator to continue counting every third pulse from
the speed sensor.
[0120] Execution then flows to block 514, where the
position processing algorithm is complete, and returns
to either block 404 or block 426 depending on which
block was responsible for calling the position processing
algorithm.
[0121] Referring back to block 500 in Figure 5, if a po-
sition reference has not been established, execution
transfers to block 502. This will occur where an initial
position indicating pulse has not previously been re-
ceived from position sensor 31. For example, during en-
gine start up, the rotational position of the engine will be
unknown and a length of time will pass before a first po-
sition pulse is received from position sensor 31. If the
position pulse being processed is the initial pulse to be
received it establishes a reference value, and execution
will continue with block 502 where this reference value
is established. Execution then transfers to block 508 and
continues in blocks 510, 512 and 514 in the matter dis-
cussed above.
[0122] Referring next to Figure 6, the speed process-
ing algorithm shown in blocks 420 and 408 of Figure 4
is discussed in more detail. The speed processing algo-
rithm begins in block 600 with a determination of wheth-
er a position reference has been established or not. If
no position reference has been established, execution
may be transferred to block 602, which represents an
optional fixed pumping algorithm. Otherwise, if the op-
tional fixed pumping algorithm is not present in block
602, the speed processing algorithm is complete and
terminates in block 604.
[0123] Since a position reference has not yet been es-
tablished, no fueling can be done. Without a position ref-
erence it is not possible for the control system to deter-
mine the exact rotational position of the engine. There-
fore, the control system does not have sufficient infor-
mation to determine which cylinder should be fueled or
when such fueling event should Lake place. This situa-
tion, where a position reference has not been estab-
lished, should occur only during engine start up and spe-
cifically during engine cranking before the engine cam-
shaft has completed one full revolution. After one full
revolution of the engine camshaft, a position pulse
should be received from position sensor 31 and a posi-
tion reference established as discussed above. It is dur-
ing engine cranking when no position pulse has been
received that the optional fixed pumping algorithm can
be implemented to facilitate proper engine starting.
[0124] WO-A-94/27041 discusses the mechanical
structure and operation of a fuel system for which the
present control system is adapted to operated. As can
be seen from that application, the fuel in the accumulator
is required to be at very high pressure (between approx-
imately 16,000 and 22,000 psi i. e. about 110,3 to 151,7
MPa) in order to achieve proper fuel injection. However,
for safety and other concerns this pressure is not main-
tained in the accumulator while the engine is not being

operated. Therefore, during engine start-up, there is a
need to quickly pressurize accunulator 12 so that fuel
injection can be initiated as soon as a position sensor
signal is received.
[0125] The fixed pumping algorithm shown in block
602 can be used to achieve this objective. As noted
above, when ECM 13 closes pumping control valves 18
or 19, the pressure from high pressure pumps 14 main-
tains valves 18 and 19 in a closed position until the re-
spective pressure pump 14 begins a downward stroke.
However, since no engine position signal has been re-
ceived, it is not possible to accurately determine when
to close valves 18 or 19 in order to achieve a pumping
event. Furthermore, it is not possible to simply hold
valves 18 or 19 closed, since it will then be impossible
for pumps 14 to draw fuel from low pressure pump 15.
[0126] Therefore, in accordance with the present in-
vention, ECM 13 produces a series of pulses that are
supplied to control valves 18 and 19 during engine start
up. These pulses should have a duration equivalent to
approximately 20° of engine crankshaft rotation and a
duty cycle of approximately 50%. A sample waveform
showing this pulse train is set forth in Figure 26. As
shown in figure 26, pump control actuating signal 2600
has a substantially square waveform having a ON peri-
od 2602 equal to approximately 20° of engine crank-
shaft rotation and an OFF period 2604 of approximately
20° of engine crankshaft rotation. If one of these pulses
occurs during the downstroke of the piston pump 14,
then the flow fuel from low pressure pump 15 to high
pressure pump 14 will momentarily be interrupted, but
will resume as soon as the pulse from ECM 13 termi-
nates. If, however, the pulse occurs during the compres-
sion stroke of high pressure pump 14, then the fuel pres-
sure generated by the appropriate pump 14 will hold
pump control valve 18 or 19 closed and high pressure
fuel will thus be added to accumulator 12.
[0127] Returning to Figure 6, if a position reference
has been established in block 600, then execution con-
tinues in block 606. In block 606 a control system gen-
erates a specific engine speed value for the interval just
previous to the current interrupt. This speed value is de-
termined by analyzing the general purpose timer in the
68331 microprocessor and the difference in the number
of timer counts as calculated in block 416. The algorithm
in block 606 determines the difference between the cur-
rent reading of the general purpose timer of the micro-
processor, and the reading in the general purpose timer
at the last interrupt. The result of this calculation is a
number of timer pulses that have occurred during the
last interval. This time period, represented by the
number of timing pulses counted by the general purpose
timer during the last interval, is then stored so that it can
be used for later fuel system timing calculations.
[0128] The algorithm then proceeds in block 608 and
increments the position counter by one. Since a pulse
was generated by speed sensor 33, indicating that an-
other tooth or interval of the crankshaft gear had passed,
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the position counter needs to be incremented by one in
order to ensure that the exact rotational engine position
can be calculated.
[0129] The algorithm continues in block 610 by check-
ing to determine whether cranking of the internal com-
bustion engine is currently occurring. If the engine is cur-
rently being cranked (i.e., a user is attempting to start
the internal combustion engine), then control is passed
to block 612, continues to block 614 and returns at block
618. If however an engine cranking condition is not in-
dicated at block 610, control passes through block 616
and on to block 618. As can been seen by referring to
Figure 6, one of two paths will be executed in transition-
ing between block 610 and block 618. The algorithm will
either execute blocks 612 and 614, or it will execute
block 616. The decision as to which path is to be exe-
cuted is based upon whether or not the engine is cur-
rently in a cranking status and will be described more
fully as follows.
[0130] In operation, the control system of the present
invention, operates during each interrupt to determine
whether or not a fueling event or pumping event will be
necessary at any time prior to the next interrupt. During
each execution of the algorithm, the program checks to
see if a fueling or pumping event will be necessary within
the next 30° of engine crankshaft rotation. Furthermore,
due to delays in processing by the control algorithms, it
is necessary to ensure that a pumping or fueling event
will not occur within the next 30° of engine crankshaft
rotation plus an additional margin to compensate for the
delay necessary for the control algorithm to perform the
appropriate processing during the next interrupt interval.
[0131] In block 616, an adjusted prediction of the time
period during which the control algorithm must check to
see if a fueling or pumping event will occur is deter-
mined. In the most preferred embodiment of the inven-
tion, this period of time is determined by analyzing the
previous interrupt interval and using this length of time
as a base line for predicting the subsequent interrupt
interval. Furthermore, as mentioned above, a predeter-
mined offset is allocated to allow for computational de-
lays by the control algorithm. Once this predicted value
of the subsequent interrupt interval is determined,
processing continues in block 618.
[0132] However, if the engine is in a cranking state,
as determined in block 610, the position sensor data
from the previous interrupt interval will be inaccurate
and may not accurately reflect the appropriate time until
the following interrupt interval. Under these circum-
stances, the control algorithm in block 612 relies upon
the more general engine speed algorithm or ESA value.
The use of the ESA speed reference in block 612 is de-
sirable during engine cranking because of torsional fluc-
tuations in the engine crankshaft and rapidly fluctuating
speed changes. Although this value is not as accurate
as the value determined in block 606 because it repre-
sents an average speed value, during engine start up
this value results in improved starting characteristics.

Control then flows to block 614, where the ESA speed
value is converted to an equivalent number of timer
counts indicating a 30° and 1° rotation of the engine
crankshaft. This conversion causes the ESA speed ref-
erence to be in the same units as the speed value de-
termined in block 616, and therefore execution can con-
tinue in block 618 independent of the path used to arrive
at that block.
[0133] The algorithm continues in block 618 with the
execution of the FCA algorithm. The FCA algorithm is
discussed in more detail below in connection with Figure
7. Next, control transfers to block 620 with the execution
of the PCA algorithm, which is also discussed in more
detail below in connection with Figure 8. Finally, control
transfers to block 604 and the speed processing algo-
rithm is complete.
[0134] Referring next to Figure 7, the FCA algorithm
shown schematically in Figure 3 as block 312, will be
discussed and illustrated in more detail. The function of
the fueling control algorithm shown in Figure 7 is to de-
termine if a fueling event is to occur during the current
interrupt interval. If it is determined that a fueling event
is to occur, the FCA algorithm determines a start of in-
jection timing value and a duration of the injection timing
value. The FCA algorithm further converts these values
into timer values that are sufficient to control the injec-
tion control valve 20 shown in Figure 1, and initiates a
fueling event.
[0135] The fueling control algorithm begins in block
700 with the conversion of a crank absolute start of in-
jection value for each of the engine cylinders to a cylin-
der relative start of injection value that is based on the
TDC for each engine cylinder. The algorithm accesses
the absolute top dead center values for each cylinder,
which are stored in memory. The timing angles and the
cylinder specific calibrations are added to each of the
predetermined cylinder top dead center values, while
the valve and line delays are subtracted from each of
these values. The results of this calculation yield engine
positions indicating when fueling events are to occur for
at least the next two engine cylinders and possibly for
every cylinder within the engine.
[0136] These six engine positions indicating the ap-
propriate start of a fueling event will be represented as
angular degrees of engine crankshaft rotation, i.e., from
0 to 719°. Following this calculation of the appropriate
start of injection angle, processing continues in block
702. In block 702, the start of injection delay times are
calculated. That is, the time (in GPT counts) until the
next fuel injection event is to occur is generated by sub-
tracting the current engine position in degrees from each
of the calculated fueling event engine positions (in en-
gine crankshaft degrees). The result of this calculation
yields the number of engine degrees until the start of
injection for that cylinder will occur. This value is then
multiplied by the number of timer counts that are re-
ceived for each crank degree of rotation to yield the
number of GPT timer counts until a start of injection is
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to occur. The result is an estimate of the time (in GPT
timer counts) until each injection event is to occur.
[0137] Execution then continues with block 704,
where the algorithm determines whether a fueling event
is to occur during the current interval. That is, if the
number of timer counts until the start of injection calcu-
lated in block 702 is less than the number of timer counts
before completion of the present interrupt interval (as
predicted in block 616), then a fueling event will occur
during the current interval. As discussed above, speed
interrupts typically occur from speed sensor 33 approx-
imately every 30° of crankshaft rotation. Therefore, if a
fueling event is determined to be necessary before 30
additional degrees of engine crankshaft rotation have
occurred, then it will be necessary to perform an engine
fueling event. As can be seen in Figure 7, if an engine
fueling event is determined to be necessary, execution
continues in block 706. However, if no engine fueling
event is determined to be necessary during this period,
execution transfers to block 712 and the fueling control
algorithm terminates.
[0138] Execution continues in block 706 with the ex-
ecution of a fueling to on-time (FON) conversion algo-
rithm. Execution of the FON algorithm is used to deter-
mine a value representing the desired duration for which
injection solenoid valve 20 shown in Figure 1 should re-
main open for during the fueling event. The duration is
a factor of the accumulator pressure and the desired
fueling quantity, and therefore the FON algorithm re-
ceives, as inputs, the fueling quantity and the measured
accumulator pressure which is detected from sensor 22
by ECM 13 shown in Figure 1. The algorithm uses the
fueling quantity and accumulated pressure to access a
three dimensional look up table containing injection so-
lenoid duration values.
[0139] In the most preferred embodiment of the
present invention, the FON algorithm receives the de-
sired fueling quantity as a percentage of the maximum
possible fueling quantity and receives the measured ac-
cumulator pressure as a percentage of the maximum
possible accumulator pressure. The three dimensional
look up table produces a fueling duration, or on-time,
that is a percentage of the maximum possible duration.
This percentage of maximum possible duration is then
converted to GPT timer counts. Furthermore, in the
most preferred embodiment of the present invention, the
three dimensional look up table currently consists of a
20 x 20 matrix of accumulator pressure and fueling
quantity values. Of course, if more resolution is desired,
the size of this table could easily be expanded and ad-
dition duration values provided.
[0140] Execution then continues in block 708 where
the counter values that will actually be used to control
the solenoid injection valve 20 are generated. In block
708 the actual value of the free running GPT at the start
of injection and at the end of injection are calculated.
These values will be used by the VEC algorithm dis-
cussed below to control actuation of the solenoid injec-

tion valve 20. The calculated duration value is compared
to a minimum injection duration value and, if the duration
is less than this minimum value, the duration will be set
to be equal to the minimum. This minimum duration is
used to ensure that a sufficient amount of fuel is pass
through solenoid injection valve 20 to adequately lubri-
cate the distributor and other components of the fuel
system.
[0141] Execution then continues in block 710 where
the valve event control (VEC) algorithm is executed. The
VEC algorithm is used to control both the solenoid in-
jection valve 20 and the pumping valves 18 and 19
shown in Figure 1. If a fueling or pumping event are to
occur within a given interrupt cycle, the VEC algorithm
will generate the appropriate pumping commands. The
VEC algorithm is discussed in more detail below in con-
nection with Figure 9. Following completion of the VEC
algorithm in block 710, the fueling command conversion
algorithm (FCA) continues in block 712 and is complete.
[0142] Referring again to Figure 6, execution then
continues in block 620 where the pumping command
conversion algorithm (PCA) is executed. The PCA algo-
rithm calculates an appropriate valve close angle for the
pump control valves 18 and 19 of pumps 14 shown in
Figure 1, and converts the valve close angle to an ap-
propriate number of GPT timer counts until the pump
control valve should be closed. A more detailed flow
chart of the PCA algorithm can be seen in Figure 8.
[0143] In Figure 8, processing begins in block 800
with the determination of an absolute pump control valve
close angle. During a full 720° of crankshaft rotation, 6
pumping events are possible (i.e. pumps 14 will each
execute three potential compression strokes). There-
fore, a complete cycle of the cylinder in one of the pumps
14 will take 240° of crankshaft revolution. Thus, three
complete cycles will take the entire 720° of crankshaft
revolution. Furthermore, 120° of each cycle of the cyl-
inders of pumps 14 will be during the compression
stroke of the pump 14. Therefore, the valve close angle
determined by the PCA algorithm will range from 120°,
indicating a full sweep pumping action, to 0°, indicating
no pumping action.
[0144] The result of the calculation performed in block
800 yields a valve close angle or VCA in crank degrees.
Processing then continues in block 802 where the VCA
is converted to a relative close angle based on each
pumping event's pump-cam-absolute top dead center.
This relative valve close angle is then converted in block
804 to a GPT timer count that indicates when the appro-
priate pump control valve 18 or 19 is to be closed to
achieve the desired pumping action.
[0145] From this point, the operation of the PCA algo-
rithm is similar to that of the FCA algorithm discussed
above. In block 806, the GPT timer count value calcu-
lated in block 804 is compared with the predicted time
count value from block 616 to determine if a pumping
event is to occur during the current interrupt interval. If
no event is to occur, the execution transfers to block 814,
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and the PCA algorithm terminates.
[0146] If a pumping event is to occur, execution con-
tinues in block 808 with the selection of the appropriate
pump 14 for the pumping action. Based on the engine
position and the TDC values for the pumping pistons,
the appropriate pump 14 will be selected. TDC values
of 0°, 240° and 480° correspond to the front pump 14,
while TDC values of 120°, 360° and 600° correspond to
the rear pump 14.
[0147] Execution continues in block 810 with the gen-
eration of the appropriate values to be used to actually
control the pump control valve through the VEC algo-
rithm. Block 810 also checks a pump enable register to
ensure that the selected pump is operable. If the pump
enable register indicates that the pump is not operable,
then no pumping time value will be generated and the
VEC algorithm will not be executed.
[0148] In block 812, the PCA algorithm executes the
pump valve event control algorithm, which assigns the
correct GPT timer count to the appropriate output com-
pare register of the 68331. When the GPT matches the
count in the output compare, the microprocessor will
close the pump control solenoid and thus effect pumping
of fuel into the accumulator 12. Following completion of
the VEC algorithm, the PCA algorithm terminates in
block 814.
[0149] Referring next to Figure 9, a state diagram of
the VEC algorithm used by the FCA and PCA algorithms
is illustrated. Although only a single VEC algorithm will
be discussed, the preferred embodiment of the preset
invention actually includes two software implementa-
tions of the VEC algorithm. The first implementation
controls the operation of the injection control valve 20,
while the second implementation controls the pump
control valves 18 and 19. Since it is possible for a fueling
event and pumping event to occur very close to each
other, it is desirable to employ two separate VEC algo-
rithms in this manner.
[0150] As can be seen in Figure 9, the algorithm be-
gins in state 0 900. This state should be the state that
the VEC algorithm is in whenever a call is made from
the FCA or PCA algorithms. If, however, the VEC algo-
rithm is not in state 0 900, then the algorithm will make
an indication that the event could not be processed and
that the event is currently waiting processing. When the
algorithm enters state 3, the VEC algorithm will check
to see if there is an event waiting and, if there is such
an event waiting, then the VEC algorithm determines if
the waiting event should still be processed (i.e. if the
rotational position of the engine has not advanced be-
yond the waiting event). If the event is to be processed,
and the initialization of the event has not passed, then
the VEC algorithm will transition directly to state 1 to
service the waiting event. If the leading edge, or initial-
ization of the waiting event has been missed, then the
output of the event will be forced to an active state and
the algorithm will transition to state 2 to load the duration
value. If the leading edge of the event is missed, the

VEC algorithm will also log the event as a diagnostic.
Similarly, if both edges are missed, then the VEC algo-
rithm will log the event as a diagnostic and a diagnostic
algorithm can executed.
[0151] During normal operation, in state 0 900 the out-
put compare of the 68331 microprocessor that will be
used to control the fueling or pumping event is pro-
grammed to go to an inactive state, to ensure that the
output compare is ready to receive a command. The
VEC algorithm then transitions to state 1 902.
[0152] In state 1 902, the algorithm loads the appro-
priate delay value until the start of a fueling or pumping
event into the appropriate output compare register. For
example, in the preferred embodiment, the pumping
events use output compare 3, while the fueling events
use output compare 1. When the GPT counter equals
the value in the output compare register, then the output
will become active, thus starting the fueling or pumping
event and issuing an interrupt. Upon receipt of the inter-
rupt, the VEC algorithm will transition to state 2 904.
[0153] State 2 904 will load the appropriate duration
for the pumping or fueling event into the output compare
register. In this manner, when the GPT counter equals
the value int he output compare, then the pumping or
fueling event will terminate. Upon this termination, an
interrupt is issued, and the VEC algorithm will transition
to state 3 906. State 3 906 merely updates the status of
the valves and clears the appropriate control registers
and then returns to state 0 900 to await another fueling
or pumping event command.
[0154] The accumulator pressure sensing and con-
trolling algorithms shown in Figure 3, blocks 302, 304
and 306 will now be discussed in connection with Figure
10. Figure 10 shows a flowchart of the accumulator
pressure sensor sampling (PSS) algorithm. This algo-
rithm performs all of the engine speed synchronous ac-
tivities used to control the pressure in the accumulator
12. These activities include the acquiring and process-
ing of the accumulator pressure sensor 22 data and ex-
ecution of the pressure controller. In accordance with
the present invention, these events are executed syn-
chronously with the engine rotation since all pressure
events occur as a function of engine speed.
[0155] The PSS algorithm begins in block 1000 with
the acquisition of the pressure sensor data. This is ac-
complished by sampling the data from pressure sensor
22 and converting this data to a digital signal using an
analog-to=digital converter. This digital representation
of the pressure in the accumulator is then stored for later
use by the pressure algorithms.
[0156] Execution continues in block 1002, where the
raw pressure data sampled in block 1000 is processed.
This processing includes range checking and filtering of
the sampled accumulator pressure data. The result of
this calculation is a filtered pressure sensor value that
is suitable for use by the remaining pressure algorithms.
[0157] In block 1004, the PSS algorithm executes the
accumulator pressure control (PCR) algorithm, which
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calculates an appropriate valve close angle (VCA)
based on a desired pressure setpoint reference and the
measured accumulator pressure. The VCA is output as
a percentage of total pumping volume desired. There-
fore, an output 0% indicates that no pumping is required,
while a value of 100% indicates that the maximum (full
swept) pumping available should be performed. To cal-
culate the VCA, the PCR algorithm uses a proportional
integral derivative (PID) controller, that operates in a
manner familiar to those of skill in the art to track the
desired pressure setpoint.
[0158] Once the appropriate VCA has been estab-
lished, the PSS algorithm terminates at block 1006. The
pumping action required is analyzed by the PCA algo-
rithm and a pumping event is initiated if necessary in
response to the VCA calculated by the PSS algorithm.
From the above, it will be readily apparent to those of
skill in the art that the present invention provides a sys-
tem and method by which the accumulator pressure is
monitored and supplemented as required to maintain a
constant pressure setpoint.
[0159] The above description of the software will allow
one of skill in the art to implement a fuel system control-
ler in accordance with the present invention and to
achieve the advantages associated therewith.
[0160] Several additional specific features of the in-
vention will now be discussed. First, referring to Figures
11a and 11b, one device which may be incorporated into
an internal combustion engine fuel system to provide
rate shaping capability in accordance with the present
invention is illustrated. By reducing the rate at which fuel
pressure increases at the nozzle assembly during the
initial phase of injection and, therefore, reducing the in-
itial fuel quantity injected into the combustion chamber,
the various embodiments of the present invention are
better able to achieve various objectives such as more
efficient and complete fuel combustion with reduced
emissions.
[0161] Referring initially to the embodiment shown in
Fig. 11a, a rate shaping device indicated generally at
1100 is positioned along the fuel transfer circuit 1102
(located between the fuel injection control valve 20 and
the distributor 16 of Figure 1). However, rate shaping
device 1100 could be utilized successfully in any type of
fuel delivery system.
[0162] As shown in Fig. 11a, rate shaping device 1100
includes a flow limiting valve 1104 positioned within fuel
transfer circuit 1102 and a rate shaping by-pass valve
1106 positioned in a by-pass passage 1108. Flow limit-
ing valve 1104 includes a slidable piston 1110 mounted
for sliding movement within a piston chamber 1112
formed in fuel transfer circuit 1102 so as to create a fuel
inlet 1114 and a fuel outlet 1116. Slidable piston 1110
includes a first end 1118 positioned adjacent fuel inlet
1114, a second end 1120 positioned adjacent fuel outlet
1116 and a central bore 1122 extending from first end
1118 inwardly to terminate at an inner end 1124. Slidable
piston 1110 also includes an outer cylindrical surface

1126 having a sufficiently close sliding fit with the inside
surface of piston chamber 1112 to form a fluid seal be-
tween surface 1126 and the inside surface of piston
chamber 1112. Second end 1120 of slidable piston 1110
includes a conical surface 1128 for engaging an annular
valve seat 1130 formed on distributor housing 1132 at
fuel outlet 1116 when slidable piston 1110 is moved to
the right as shown in Fig. 11a.
[0163] Slidable piston 1110 also includes a central or-
ifice 1134 extending through second end 1120 to fluidi-
cally connect central bore 1122 with fluid outlet 1116 re-
gardless of the position of slidable piston 1110. A plural-
ity of first stage orifices 1136 extend through second end
1120 from central bore 1122. First stage orifices 1136
are oriented in relation to valve seat 1130 so that when
flow limiting valve 1104 is in the position shown in Fig.
11a, hereinafter called the second stage position, fuel
flow from first stage orifices 1136 to fuel outlet 1116 is
blocked by the abutment of conical surface 1128 and
valve seat 1130. Flow limiting valve 1104 includes a
spring cavity 1138 formed between piston 1110 and dis-
tributor housing 1132 for housing a biasing spring 1140.
An annular step 1142 formed on piston 1110 functions
to provide a spring seat for spring 1140 which biases
piston 1110 leftward as illustrated in Fig. 11a into a first
stage position.
[0164] Bypass passage 1108 communicates at one
end with fuel inlet 1114 via piston chamber 1112 and at
an opposite end with fuel outlet 1116. Slidable piston
1110 includes radial grooves 1144 in the end surface of
first end 1118 for permitting fuel to flow between fuel inlet
1114 and bypass passage 1108 when flow limiting valve
1104 is in the first stage position. Rate shaping bypass
valve 1106 is positioned along bypass passage 1108 in
a rate shaping valve cavity 1146. Rate shaping bypass
valve 1106 includes an elongated valve element 1148
having a conical valve surface 1150 for engaging an an-
nular valve seat 1152 formed in distributor housing
1132. Rate shaping bypass valve 1106 is preferably a
two-position, two-way pressure balanced solenoid-op-
erated valve which includes a bias spring 1154 posi-
tioned to bias valve element 1148 into the closed posi-
tion against valve seat 1152. Solenoid assembly 1156
is used to move valve element 1148 to the right in Fig.
11a into a full flow, open position, separating conical
valve surface 1150 from annular valve seat 1152, thus
establishing flow through bypass passage 1108.
[0165] In general, flow limiting valve 1104 functions to
control or shape the pressure rate increase at the nozzle
assembly during the initial stages of an injection event,
as represented by stages I and II in Fig. 11b, while also
controlling the return flow of fuel through the transfer cir-
cuit at the end of the injection event when the injection
control valve 20 is connected to drain thereby minimiz-
ing cavitation in the fuel transfer circuit and associated
fuel injection lines. Rate shaping bypass valve 1106
functions primarily to allow a rapid increase in the pres-
sure rate when it is desirable to achieve maximum pres-
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sure at the nozzle assembly by providing an unrestricted
flow path through fuel transfer circuit 1102 after the initial
injection period as represented by stage III in Fig. 11b.
[0166] More specifically, during operation, just before
the start of an injection event, injection control valve 20
is in the closed position connecting fuel transfer circuit
1102 to drain. At this time, flow limiting valve 1104 is in
its first stage position with first end 1118 in abutment
against distributor housing 1132 permitting fluidic com-
munication between fuel inlet 1114 and fuel outlet 1116
via both central orifice 1134 and first stage orifices 1136.
Rate shaping bypass valve 1106 is in the closed position
under the force of bias spring 1154 blocking flow through
bypass passage 1108. Once injection control valve 20
is energized to connect accumulator pressure to fuel
transfer circuit 1102, high pressure fuel initially flows
through both central orifice 1134 and first stage orifices
1136 creating an initial pressure increase downstream
of flow limiting valve 1104 and at the respective nozzle
assembly as represented by stage I in Fig. 11b. Howev-
er, accumulator fuel pressure at fuel inlet 1114 acts on
the end surface of first end 1118 and on inner end 1124
of central bore 1122 to move slidable piston 1110 to the
right in Fig. 1 1a, placing slidable piston 1110 in the sec-
ond stage position with conical surface 1128 in abut-
ment with valve seat 1130. Thus, fuel flow through first
stage orifices 1136 is blocked while a limited amount of
fuel passes through central orifice 1134 to fuel outlet
1116 thus decreasing the rate at which fuel pressure at
the nozzle assembly is increasing as represented by
stage II in Fig. 11b.
[0167] After a predetermined period of time as deter-
mined by ECM 13, rate shaping bypass valve 1106 is
energized to the open position allowing full flow of fuel
through bypass passage 1108, causing a sharp in-
crease in the fuel delivery pressure as represented by
the upwardly sloping pressure rate of stage III in Fig.
11b. The pressure at the nozzle assembly quickly reach-
es a maximum level until the end of the injection event
as determined by the closing of injection control valve
20. Consequently, as shown in Fig. 11b, rate shaping
device 1100 creates an first stage of fuel injection (stage
I) having a high pressure rate increase, a second stage
of fuel injection (stage II) having a reduced pressure rate
less than stage I and a third stage wherein the pressure
rate increase is initially greater than stage II. By reducing
the pressure rate increase at the nozzle assembly dur-
ing the initial stages of injection, i.e. stage II, rate shap-
ing device 1100 also reduces the quantity of fuel deliv-
ered to the combustion chamber during the initial stage
which, in turn, advantageously reduces the level of
emissions generated by the combustion process.
[0168] Upon closing, injection control valve 20 blocks
fuel from the accumulator while connecting fuel transfer
circuit 1102 to drain. After a predetermined period of
time, again determined by ECM 13, rate shaping bypass
valve 1106 is de-energized and moved to the closed po-
sition by bias spring 1154. However, note that the pres-

sure relief of fuel transfer circuit 1102 downstream of
rate shaping device 1100 can be controlled or shaped
in a variety of ways depending on the timing of closing
of rate shaping bypass valve 1106 in relation to the clos-
ing of injection control valve 20. If the closing of rate
shaping bypass valve 1106 is retarded or delayed until
a significant amount of time after the closing of fuel in-
jection control valve 20, bypass passage 1108 will func-
tion as the primary relief passage allowing an intensive
return flow of fuel to drain, thus quickly relieving a sub-
stantial amount of fluid pressure from the downstream
transfer circuit and respective fuel injection line while a
secondary relief flow is established through flow limiting
valve 1104. However, by closing rate shaping bypass
valve 1106 simultaneously with, or immediately after,
the closing of injection control valve 20, primary relief
occurs through flow limiting valve 1104. In both instanc-
es, once rate shaping bypass valve 1106 closes, the fuel
pressure at fuel inlet 1114 becomes less than the fuel
pressure in fuel outlet 1116. As a result, the fluid forces
acting on the end surface of piston 1110 at second end
1120, combined with the biasing force of spring 1140,
become greater than the fluid forces acting on piston
1110 which tend to move piston 1110 to the right in Fig.
11a. Consequently, slidable piston 1110 of flow limiting
valve 1104 will immediately move leftward in Fig. 11a
into the first stage position communicating first stage or-
ifices 1136 with fuel outlet 1116, thus permitting fuel flow
through flow limiting valve 1104 via orifices 1134 and
1136. Central orifices 1134 and first stage orifices 1136
are large enough in diameter so that their combined
cross-sectional flow area create the necessary return
flow during the drain event to insure sufficient fuel pres-
sure relief at the nozzle assembly to prevent secondary
injections. On the other hand, central orifice 1134 and
first stage orifices 1136 are small enough to provide a
combined flow area designed to limit the return flow to
a predetermined level necessary to minimize cavitation
in the circuit and injection lines between flow limiting
valve 1104 and the nozzle assemblies. Therefore, flow
limiting valve 1104 functions as a variable flow valve
when moved between the first stage and second stage
positions to advantageously utilize the flow limiting fea-
ture of central orifice 1134 during the injection event to
shape the pressure rate increase while advantageously
controlling the return flow during the drain event to both
prevent secondary injections and minimize cavitation.
[0169] One advantage of this design is realized by lo-
cating rate shaping bypass valve 1106 downstream of
the injection control valve. This arrangement minimizes
the leakage loss occurring through valve 1106. This
leakage is four times less than it would be if valve 1106
were placed upstream of the injection control valve (as-
suming the duration is 30 degrees crank angle and the
engine is a six cylinder four stroke engine).
[0170] From the above discussion, it will be apparent
to one of skill in the art that the combination of the injec-
tion control valve 20 (shown in figure 1) and the rate
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shaping device 1100 allow ECM 13 to control the fuel
pressure in a variety of methods. For example, as shown
in Figure 11b, the duration of stage II can be varied by
ECM 13 to allow for a longer or shorter period of inter-
mediate pressure injection. This is accomplished since
the control of the rate shaping bypass valve 1106 can
be performed by ECM 13.
[0171] By altering the opening of the bypass valve
1106, pressure waveforms as shown by the dotted lines
in Figure 11b could, for example, be achieved. Curve
1190, for example, would result when rate shaping by-
pass valve 1106 is opened at, or soon after, the time that
piston 1110 seats against seat 1130. Curve 1192, for ex-
ample, illustrates the pressure waveform when the rate
shaping bypass valve 1106 remains closed for a longer
duration, and is opened at a later time.
[0172] Furthermore, the use of a single injection valve
20 facilitates the ability to provide rate shaping capability
to the present control system. The use of a single injec-
tion valve is particularly advantageous in that it ensures
a uniform, consistent pressure response during an in-
jection event. Variations that could occur sue to the pro-
vision of multiple injection valves are not introduced with
the present invention, and furthermore, more precise
control over the injection pressure shape can be
achieved.
[0173] This concept will be illustrated in connection
with Figure 12a, which depicts a injection pressure rate
that is characterized in that it has a first small injection
pressure pulse, followed by a larger, longer duration in-
jection pulse. This injection pressure waveform could be
produced, for example, by pulse the injection valve 20
for a short duration to generate the smaller pressure
pulse, and then operating injection valve 20 to produce
the larger injection pressure waveform.
[0174] Since the present invention only utilizes a sin-
gle injection solenoid, the pressure waveform shown in
Figure 12a will be consistent and uniform for all engine
cylinders. As shown using an expanded pressure axis
in Figure 12b, however, manufacturing tolerances and
variations occurring between different injection valves
in the prior art led to inconsistencies in the pressure
waveform where multiple injection valves are employed
for fuel injection. This phenomenon would be particular-
ly apparent in the pressure waveform of the preliminary
pressure pulse of the present invention (shown in Figure
12a), since minor manufacturing variations will effect
this pulse to a greater extent then the larger, longer du-
ration injection waveform.
[0175] The combination of the single injection control
valve 20 and the pressure rate shaping device 1100 can
also used to create additional pressure waveforms that
again will be uniform and consistent between engine cyl-
inders due to the provision of a single injection control
valve 20 and a single rate shaping bypass valve 1106.
For example, the pressure waveform shown in Figure
13 could be achieved through the combination of rate
shaping techniques discussed above.

[0176] Figure 13 shows a pressure waveform that in-
cludes a single, relatively smaller initial pressure pulse,
followed by a larger multiple level pressure waveform.
The initial pressure pulse is achieved through pulsing of
the injection control valve 20, while the later, multiple
level pressure waveform is achieved through the use of
rate shaping bypass valve 1106. Other novel combina-
tion of these two components to achieve pressure wave-
forms in accordance with the present invention will also
be readily apparent to those of skill in the art.
[0177] In a preferred embodiment of the invention, the
fuel injection solenoid valve driver circuit may be provid-
ed with a back EMF detection circuit which electrically
detects the opening of the solenoid valve based on the
back-EMF generated by the movement of the valve's
mass through the solenoid's magnetic field. With this
back EMF circuit, it may be possible in some cases to
eliminate the solenoid boost circuit.
[0178] As noted previously, because of the criticality
of timing the injected fuel into the cylinder relative to pis-
ton position, it is considered desirable to open the valve
very quickly, to minimize the delay from the decision to
inject to the time the fuel actually enters the cylinder.
Increased speed of valve operation may be obtained by
providing a "boost circuit" as described before, which
steps the battery voltage up to a much larger voltage.
When the control system determines that it is time to
inject fuel to the cylinder, it applies this large voltage to
the solenoid coil for a brief period of time, which causes
a rapid current rise through the coil, resulting in a rapid
opening time. The valve is then held open using the con-
ventional battery voltage. Figure 14 shows, in block
schematic form, the operation of the boost circuit. Bat-
tery 228 is connected to boost circuit 212 which is con-
nected to one input of driver circuit 238. The battery 228
is also connected to an input of driver circuit 238. In re-
sponse to an injection command from the ECM 13, driv-
er circuit 238 first switches the 100 to 175 volt DC output
of the boost circuit 212 to line 24 and thus to solenoid
injection valve 20 to quickly open injection valve 20.
Then, after a predetermined time, driver circuit 238 dis-
connects boost circuit 212 and connects battery voltage
to solenoid injection valve 20 instead to hold solenoid
injection valve 20 open.
[0179] While boost circuits are necessary in some
cases, there are some significant disadvantages asso-
ciated with the use of boost circuits. The circuitry re-
quired to step up the battery voltage typically requires
several components, with cumulative costs in the tens
of dollars. In high production volumes, this is a substan-
tial cost. In addition, the driver circuit consumes a dis-
proportionate amount of physical space. Because large
components are needed to convert a low DC voltage to
a large one (typically one inductor and several capaci-
tors, along with power semiconductor components), it
increases the size of the electronic control module
(ECM), making engine mounted applications more chal-
lenging. Boost circuits also have a relatively high failure

41 42



EP 0 681 100 B1

23

5

10

15

20

25

30

35

40

45

50

55

rate. Power electronics, because it experiences higher
electrical stresses, runs at higher temperatures. This re-
sults in higher failure rates than the ECM's digital com-
ponents, increasing maintenance costs and equipment
downtime. Finally, the use of a boost circuit causes in-
creased stress in the valve. Because the goal is to ac-
celerate the valve very quickly, the valve impacts its seat
with a high force. This tends to wear the valve out more
quickly than if the valve could be allowed to open more
slowly. Thus, in another preferred embodiment of the in-
vention, the boost circuit is eliminated.
[0180] In this alternative embodiment, a back EMF
sensor is provided in the injection solenoid driver circuit.
By knowing the opening time of the valve under all of its
operating and varying lifetime conditions, ECM 13 can
dynamically compensate for the delay, thus injecting the
fuel at a correct time regardless of valve opening speed.
The back EMF sensor detects valve opening by moni-
toring the back-EMF generated by valve 20 as it passes
through the magnetic field set up by its coil. This
back-EMF will always oppose the valve motion, and
therefore manifest itself in a current dip during the valve
transition. A typical example of this current dip is shown
in Figure 15. The point that the valve has opened, and
motion has seized, will always be the point where the
dip's negative slope returns to positive, shown in the Fig-
ure at t3.
[0181] Figure 16 shows a back EMF detection circuit
1600 according to the present invention. Back EMF de-
tection circuit 1600 comprises sensing resistor 1602, ca-
pacitor 1604, operational amplifiers 1606 and 1608, and
diodes 1610 and 1612. Sensing resistor 1602 is con-
nected in the circuit of the coil of solenoid valve 20 be-
tween the coil and ground. Capacitor 1604 is connected
between the negative input of operational amplifier 1606
and ground. The positive input of operational amplifier
1606 is connected to the terminal of sensing resistor
1602 at its connection to the coil of solenoid valve 20.
The negative input of operational amplifier 1608 is con-
nected to the negative input of operational amplifier
1606, and the output of operational amplifier 1606 is
connected to the positive input of operational amplifier
1608. Diodes 1610 and 1612 are connected with oppos-
ing polarities between the positive input of operational
amplifier 1608 and the negative inputs of the operational
amplifiers. The back EMF sensing output of back EMF
sensing circuit 1600 is taken at the output of operational
amplifier 1608.
[0182] Figure 17 shows the waveforms associated
with the operation of the solenoid valve 20 and back
EMF sensing circuit 1600. At times prior to T1, there is
no injection operation in process, so that the current
through the solenoid inductor is zero, and therefore
there is no voltage across sensing resistor 1602. On
startup, noise present in circuit 1600 may cause opera-
tional amplifier 1606 to oscillate briefly, until capacitor
1604 is charged to a value above the noise floor, satu-
rating operational amplifier 1606 low. Preferably, the

software in ECM 13 will be programmed to ignore such
oscillation at times when no injection is in process to
avoid false readings caused by noise.
[0183] At time T1, ECM 13 actuates solenoid valve
20. Current rises exponentially through the inductor
(coil) of solenoid valve 20, causing a voltage rise across
sensing resistor 1602 equal to the current through the
solenoid times the value of sensing resistor 1602. As
the current rises, diode 1612 is forward biased, causing
the voltage at the positive input of operational amplifier
1608 to be a diode drop higher that its negative input,
forcing its output high. This state is maintained until the
current dip due to the back-EMF from the valve transi-
tion begins at time T2. At time T2, operational amplifier
1606 continues to make the voltage across capacitor
1604 track the voltage drop across sensing resistor
1602, so diode 1610 becomes forward biased. This
causes the negative input of operational amplifier 1608
to be at a higher potential than its positive input, causing
its output to transition low. When the valve transition
stops at time T3, the positive slope of the injector current
begins again, resulting in a positive transition of opera-
tional amplifier 1608 output. Thus a valve opening will
result in two distinct edges, the first falling edge (T2) in-
dicating that motion has begun, the second rising edge
(T3) indicating that motion has been completed. The
output of operational amplifier 1608 is connected to the
microprocessor in ECM 13, which monitors these edges
to detect and measure the events. The time measured
to open the valve during an event is stored (Topen = T3
- T1), and this valve delay time measurement is used to
compensate in timing the command to open the valve
for the next event. The ECM can also measure time from
command to initial valve motion (T2 - T1) and time for
valve to travel (T3 - T2) and store these time values for
prognostic and diagnostic purposes. For example,
these quantities could be stored over time and analyzed
using statistical control techniques to provide advance
warning of changing valve operating conditions that may
lead to problems in operation.
[0184] This circuit has particular advantages in the
context of the present invention. The cost for the com-
ponents necessary to build this circuit are a fraction of
what is normally utilized in the industry to accomplish
similar results. The fact that it will provide absolute de-
tection of valve motion and opening time without any
added sensors, or even adding wires to the valve, pro-
vides a significant cost savings. The amount of space
needed in ECM 13 to accommodate these circuits is less
than one square inch, while the space to accommodate
a boosted system, or a non-boosted system with a sen-
sor, is several square inches, resulting in larger required
ECM chassis. By eliminating the power circuitry without
adding a sensor, the failure rate of the overall control
system will be decreased. Since the valve is moving
more slowly, its life will also be extended. In addition,
this back EMF sensing method inherently provides tim-
ing data on the system that can be used to detect me-
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chanical and electrical degradation and failures. This in-
formation can be used to warn the operator of impending
malfunctions before they become mission disabling, or
assist the technician to diagnosing problems.
[0185] Additional benefits of this embodiment include
reduced probability of EMI problems, decreased shock
hazard internal to the controls, and a less noisy fuel sys-
tem due to decreased valve forces.
[0186] In cases where multiple position valves are
used, loss of valve acceleration may cause the valve to
dwell in undesirable states for longer than desired. In
these cases, the boost circuit cannot be eliminated. In
the prior art, such a back EMF sensor circuit could not
be used when a boost circuit is also used, because the
solenoid coil is often saturated to achieve maximum
speed, obscuring the back-EMF characteristic. Specifi-
cally, a certain amount of force is needed to provide a
certain acceleration to move the valve through the un-
desirable or undefined state quickly (F=mA). Since force
is proportional to the square of the flux density (B), flux
density is maximized by increasing the field intensity
(H). Field intensity equals the number of turns of coil
multiplied by the current through the coil, divided by the
length of the core: H=(N*I)/L. The relationship between
B and H for a typical solenoid valve is shown in Figure
18.
[0187] As previously stated, often, in an effort to get
the most force in the quickest amount of time, current is
increased at a rate that results in the core saturating (op-
erating on the horizontal part of the B/H curve; at H >
H1 as shown in Figure 18) before the valve opens. Since
it is saturated, no additional force is generated, and the
back-EMF of the valve is not apparent on the current
trace for position feedback.
[0188] In another aspect of the invention, a technique
has been developed which allows the use of a boost cir-
cuit to provide increased force levels, while avoiding
core saturation which would prevent back EMF monitor-
ing. In this technique, the ECM and boost circuits are
constructed to selectively provide one of three different
voltage levels to the solenoid injection valve. As shown
in Figure 19, a switching means 1902 selectively con-
nects voltage from a first boost circuit 212, voltage from
an intermediate boost circuit 1900, or battery voltage to
the solenoid injection valve 20 under control of ECM 13.
In a single injection event, the three different voltages
are provided to the valve 20 in sequence, starting with
the full boost voltage from boost circuit 212, progressing
to the intermediate voltage from intermediate boost cir-
cuit 1900, and then to the lower battery voltage.
[0189] The timing of these sequential voltage applica-
tions relative to the movement of the solenoid valve is
particularly important in achieving the desired result.
Referring to Figure 20, at time T = 0, the ECM com-
mands the valve to open, and applies the boost voltage.
B begins to ramp at a rapid rate, therefore causing the
valve acceleration to do the same. At time T1, the ECM
decreases the voltage across the core in anticipation of

the valve opening. The time T1 is selected to be less
than the minimum delay time for opening of the valve
after initiation of voltage to the valve. Through the volt-
age reduction to the intermediate boost voltage, the
slope of the B curve is decreased, avoiding saturation
prior to valve motion. By time T = T2, the valve has
opened. Since the core has not yet saturated, this valve
opening can be detected by back-EMF detection circuit
1600 (shown in detail in Figure 16). In response to de-
tection of valve opening, the ECM then cuts back the
voltage to a level corresponding to the force necessary
to hold the valve open (always less than that required
to move the valve), which may typically be battery volt-
age. Since the valve has opened, its acceleration is ze-
ro. Thus, valve speed is maximized by quick initial ac-
celeration, with the added benefit of avoiding core sat-
uration, permitting back-EMF detection for diagnostic
and control purposes.
[0190] In another preferred embodiment of the inven-
tion, shown in Figure 21, the control system can be pro-
vided with means for compensating for uneven fuel line
lengths 2104 between the distributor and the cylinder
injection nozzles. Specifically, ECM 13 is provided with
a line length memory 2102 connected to the main proc-
essor of ECM 13, which stores a line length value asso-
ciated with each cylinder. The stored line length value
represents the difference in length of the fuel lines used
for the respective cylinders. The program in the ECM
uses this information to compensate for the different fuel
line lengths. The program may vary both the quantity of
fuel injected, and the timing of the sequential activation
signals sent to injection control valve 20 over line 24.
Figure 22 is a flowchart of the fuel line length compen-
sation algorithm of the present invention. The first step
(shown in block 2200 of Figure 22) is to determine which
cylinder is next in line for fuel injection. As explained
above with reference to Figures 1 and 2, in the present
invention cylinder identification is determined by reading
the position of the cam gear using a Hall effect sensor,
and the ECM can readily determine the angular position
of the engine and thus which cylinder will be fueled next.
Once the cylinder to be fueled has been identified, in the
system shown in Figure 21, control passes to block 2202
and the microprocessor of ECM 13 retrieves the line
length information associated with that cylinder from
memory 2102. Next, in block 2204, the ECM calculates
the base quantity of fuel required for that cylinder as a
function of engine operating parameters (speed, load,
temperature, etc.) using the methods described in detail
above. A quantity variation factor is then calculated rel-
ative to the base value as a function of the line length
for the cylinder in block 2206. In general, at the high
pressures established in the fuel lines during injection,
the fuel tends to be compressible so that it acts as a
spring member. Thus, in general a greater quantity of
fuel should be released into the line as the line length
increases, in order to obtain a given desired pressure at
the other end of the line, at the injector nozzle. Thus,
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the quantity variation factor will be a function of the base
fuel amount, the length of the line, and in some cases
the existing accumulator pressure. In block 2208, a new
value for the amount of fuel to be delivered is calculated,
determined by the base fuel value as increased or de-
creased by the fuel quantity variation value. This new
value will be the amount of fuel delivered.
[0191] In block 2210, a base value is determined for
the timing of the injection event as a function of the en-
gine operating parameters according to the methods de-
scribed previously. In block 2212, a timing offset is cal-
culated based on the length of the line for the particular
cylinder. In general, it will take the fuel pressure longer
to propagate through the fuel line to the cylinder as its
length increases. Thus, if the timing were not adjusted,
an injector nozzle at the distal end of a longer fuel line
would tend to open slightly later than a nozzle connected
by a shorter fuel line, all else being equal. The timing
offset is calculated to be equal to the difference between
a standard line length and the actual line length of the
specific cylinder. In block 2214, the precise timing of the
injection signal is determined by starting with the base
timing value and advancing or retarding the time of in-
jection signal generation by the calculated timing offset
to compensate for the length of the fuel line to the par-
ticular cylinder. Then, in block 2216, the injection is per-
formed in the manner described previously, but using
the timing and fuel quantity values adjusted to compen-
sate for the length of the fuel line to the individual cylin-
der injection nozzle.
[0192] In this way, the injection control signals for the
plurality of cylinders are sequentially transmitted
through line 24 to injection control valve 20 (as shown
in Figure 21). The timing of each of the activation signals
is independently adjusted in accordance with the phys-
ical structure of the fuel line connecting the centralized
injection control valve to an individual cylinder. While
this compensation feature is particularly useful in ena-
bling the use of different fuel line lengths, it could also
be used to compensate for other physical variations in
the fuel lines, such as different bends or diameters. The
ability to compensate for different fuel line physical lay-
out permits material and cost savings in that excess fuel
lines need not be provided merely to equalize fuel line
lengths to all cylinders. In addition, a more desirable
routing of the lines can be obtained in terms of aesthet-
ics, serviceability, and safety. Fuel rate shaping advan-
tages can also be obtained through this embodiment of
the invention.
[0193] Another alternative embodiment of the inven-
tion provides an apparatus and method for controlling a
solenoid valve at high speed without a high voltage
boost circuit, that is, using a battery voltage driver cir-
cuit. As noted before, boost circuits have a number of
disadvantages, and it is therefore desirable to eliminate
the boost circuit where possible, to reduce failure modes
and decrease costs. With prior art systems, this is not
always possible, due to valve designs and system limi-

tations not being tolerant of slower valve speeds.
[0194] In this alternative embodiment, a circuit is pro-
vided to pre-bias the valve so that the valve can be
quickly actuated without a large current flow at the time
of actuation. The ECM 13 is provided with a variable cur-
rent generating circuit capable of providing at least two
current levels: a pre-bias level and a valve actuation lev-
el. At a defined time prior to a desired valve opening,
the ECM selectively increases current to the solenoid,
ramping the current up to a level which equates to a
force some margin short of that required to overcome
the spring force and static friction of the valve. When the
time to open the valve arrives, the pre-biased current is
further increased to meet or exceed the pull-in value.
Since the current was already near that value, the time
for valve opening measured from the time of increasing
the current is short, even though the forcing function of
the current is only battery voltage. This time is very com-
parable to the time a boosted circuit takes to ramp from
0 to pull-in, with a higher boost voltage as the forcing
function.
[0195] Figure 23 is a graph comparing the actuation
current over time of a boosted system to that of a pre-
biased system according to this alternative embodiment
of the present invention. As shown in Figure 23, the
boosted-type system is activated at the programmed
time for injection T2 and rises quickly to a pull in current
level by time T3. The pre-biased system of the present
invention generates a pre-bias current using battery
voltage prior to time T1. When the programmed injection
signal is generated at time T2, the current is further in-
creased using battery voltage as the motive force so that
the current reaches pull-in current by time T4, only short-
ly after the time achieved by the boosted system. Of
course, as the system is designed to create a pre-bias
current closer to the pull-in current, the time lag of the
pre-biased system will be reduced, and it may be pos-
sible to meet or even exceed the response time of a
boosted system. In addition, it is possible to adjust the
time of the programmed injection signal to compensate
for any increased delay resulting from the pre-biased
system compared to a boosted system. If this pre-bias
method is combined with the back EMF sensing meth-
ods discussed above, the timing could be dynamically
adjusted by the system to open the valve at the same
time it would have been opened by a boosted system.
[0196] In another embodiment of the invention, the
control system is provided with software for monitoring
the pressure in the accumulator over time and analyzing
the pressure-time waveform to detect and diagnose fail-
ures associated with the piston pumps. Figure 24a
shows normal accumulator pressure variations resulting
from alternating pumping and fueling events. Figure 24b
shows an unusual deviation from the standard pres-
sures during operation, which indicates that one of the
pumps is not operating properly.
[0197] A typical pressure signal, as it would appear
on the output of the pressure transducer in the system,
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is shown in Figure 24a. As with the operations described
previously, there is one pumping event for each fueling
event, and the pumps are sized such that all fueling
events can be compensated for entirely by the next
pumping event.
[0198] Should one of the pumping devices fail, the
waveform will appear as in Figure 24b. The difference
between the reading at the time of the fault, and the pre-
vious reading, will be significantly different. The ECM
can confirm this by noting the repeatability of the phe-
nomenon, i.e., every time piston pump "n" is used, there
is a difference in pressure compared to that produced
by piston pump "n-1". The ECM will then record the fail-
ure for communication to a mechanic, and light an ap-
propriate warning lamp on the dashboard to alert the op-
erator.
[0199] This embodiment of the invention takes advan-
tage of the design feature described above in which
pressure readings are collected synchronously with en-
gine position, that is, at the same points in each engine
revolution. Thus, a failed pump can be detected without
extensive waveform filtering, analysis, and processing
using the algorithm shown in the flowchart of Figure 25.
As shown in Figure 25, in this embodiment, the software
for reading accumulator pressure is modified so that up-
on activation by the engine synchronization interrupt,
block 2500 is executed and the accumulator pressure
is read in the manner described above and transmitted
to the microprocessor through an A/D converter. The
current pressure value is stored in a memory in block
2502 for at least another pumping cycle. Control is then
passed to block 2504, in which the current pressure val-
ue is subtracted from the last measured pressure value
stored in the memory. In block 2506, the absolute value
of the difference in sequentially measured pressure val-
ues is compared to a predetermined fault threshold val-
ue. If the difference is greater than the fault value, con-
trol passes to block 2508 and 2510, in which a fault is
recorded and a warning is issued to the operator, re-
spectively. If the difference is less than the fault value,
no failure is reported and operation of the accumulator
pressure monitoring and control algorithm continues in
the manner described previously. The fault value is se-
lected to be larger than any expected operating fluctu-
ations in accumulator pressure, to avoid false alarms.
However, the fault value is set small enough that a fail-
ure of one pump will be detected using the algorithm just
described.
[0200] Another embodiment of the invention, illustrat-
ed in Figure 27, provides improved engine control, pri-
marily in applications other than vehicle propulsion,
such as synchronous speed internal combustion engine
generator sets. As shown in Figure 27, such a generator
set may include a motor 2700, and a generator 2702
connected through switch 2704 to power drawing equip-
ment 2706. The motor 2700 is provided with a fuel sys-
tem and an electronic injection control system of the
type disclosed herein, although only the ECM 13, injec-

tor valve 20, and pump valves 18/19 are shown, for clar-
ity. Sensor outputs are connected from the motor to
ECM 13 as described previously. Significantly, there is
provided a control signal line 2708 from switch 2704 to
ECM 13.
[0201] In this type of application, sharply increased
loading of motor 2700 occurs when switch 2704 is
thrown to start drawing substantial power from the gen-
erator 2702. Typically, the motor 2700 is controlled by
ECM 13 using feedback control techniques to maintain
the engine at a desired speed, such as 1800 rpm. When
loading is substantially increased, the motor 2700 must
produce much more power to maintain the desired
speed. The inventors have found that with more con-
vention systems there is usually a momentary slowing
of the motor when the load is added, until the feedback
controller detects the reduced speed, and the resulting
control signals propagate through the control and
fueling system to actually deliver more fuel to the cylin-
ders. In the improvement contemplated by the present
invention, the state of controls for adding the load (such
as switch 2704 connecting generator 2702 to equipment
2706) is provided as an input to ECM 13 through line
2708, and ECM 13 monitors the state of the load con-
nection. Immediately upon receiving a signal that the
load is being added, the ECM 13 overrides the fuel level
established by its synchronous control program for a
predetermined period of time, and establishes a prede-
termined increased fueling level during this period, tak-
ing effect with the next cylinder injection event to occur.
In this way, engine power is immediately increased, syn-
chronously with the increased loading of the engine,
rather than merely responding to engine operating
changes resulting from the load. With the present highly
responsive fueling system and this immediate control
response, it is possible to proactively increase engine
power synchronously with the increase in load, whereas
this would not be possible with systems using less so-
phisticated control techniques or having greater propa-
gation delays for fueling control signals and actual
movement of fuel and pressure increase within the fuel
delivery system. Thus, this concept is particularly ad-
vantageous in the context of the improved fueling and
control system disclosed herein.

Claims

1. Fuel delivery and control system (10) with integrat-
ed electronic control for a multicylinder internal
combustion engine, wherein the system (10) com-
prises:

a high pressure accumulator (12);

an accumulator pressure sensor means (22) for
generating a pressure signal indicative of fuel
pressure in said high pressure accumulator
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(12);

at least first and second high pressure pumping
chambers selectively supplying fuel to said high
pressure accumulator (12) in pumping events
of variable duration;

pressure transfer actuating means (18, 19) for
selectively initiating said pumping events trans-
ferring fuel to said high pressure accumulator
(12) from said first and second high pressure
pumping chambers, respectively, in response
to pump control signals;

a fuel distributor (16);

a plurality of fuel feed lines connected to said
fuel distributor (16) for supplying fuel to the en-
gine cylinders, respectively;

an electrically controlled solenoid valve means
connecting said high pressure accumulator
(12) and said fuel distributor (16);

solenoid valve actuating means for opening
said electrically controlled solenoid valve
means in response to a valve control signal, so
that fuel flows from said high pressure accumu-
lator (12) to individual combustion chambers of
the engine cylinders at selected times through
said fuel distributor (16) upon activation of said
electrically controlled solenoid valve means;
and

a control means (13) connected to said accu-
mulator pressure sensor means (22) and said
pressure transfer actuating means (18, 19) and
to said solenoid valve actuating means;

characterized in

that an engine position sensor means (31) is
provided for generating a position signal indi-
cating the angular position of engine rotation
relative to a point of reference;

that said pumping events have a variable start-
ing time and a defined termination time relative
to an angular position of engine rotation;

that said control means (13) includes memory
means for storing a program, and a microproc-
essor (230) having electrical inputs and outputs
connected to said memory means to read and
execute said program, with said control means
(13) also connected to said engine position
sensor means (31), for: monitoring said engine
rotation angular position and monitoring said

accumulator pressure synchronously with said
angular position and selectively generating
pump control signals to start said pumping
events at calculated times varying relative to an
angular position of engine rotation, thus varying
the duration of said pumping events to maintain
a desired pressure range in said high pressure
accumulator (12);

that said electrically control solenoid valve
means comprises only one electrically control-
led solenoid valve (20);

that only one control line (24) is connected to
said solenoid valve actuating means for carry-
ing said valve control signal; and

that said control means (13) operates to selec-
tively generate a plurality of said valve control
signals at calculated times during each period
synchronously with said angular position when
injection of fuel is desired successively into
each of the combustion chambers of the engine
cylinders fluidically connected to said high
pressure accumulator (12) by said fuel distrib-
utor (16).

2. Fuel delivery and control system according to claim
1, characterized in that said microprocessor (230)
receives said position signals at standard intervals
during rotation of the engine and, depending on the
angular position of the engine at each said interval,
selectively actuates firstly a valve timer function for
generating said solenoid valve control signal after
a programmed elapsed time and secondly a pump-
ing timer function for generating one of said pump
control signals after a programmed elapsed time.

3. Fuel delivery and control system according to claim
2, characterized in that the system (10) further
comprises interrupt means for generating a micro-
processor interrupt periodically based on said posi-
tion signals.

4. Fuel delivery and control system according to claim
3, characterized in that said interrupt means inter-
rupts said microprocessor (230) after the passage
of 30 engine rotational degrees.

5. Fuel delivery and control system according to claim
2, characterized in that the system (10) further
comprises engine operating condition sensing
means connected to said control means (13) for
providing information on current engine operating
parameters.

6. Fuel delivery and control system according to claim
5, characterized in that the system (10) further
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comprises variable timing means associated with
said microprocessor (230) for dynamically varying
the programmed elapsed times before generation
of said control signals of said valve timer function
and said pump timer function in response to said
information provided by said engine operating con-
dition sensing means.

7. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
said engine position sensor means (31) comprises
position detection means for generating a signal at
a specified position of a rotating shaft, rotational
speed detection means for generating a signal in-
dicating engine speed, and position calculating
means for receiving said position detection means
signal and said rotational speed detection means
signal and generating said position signal indicating
the angular position of engine rotation relative to a
point of reference.

8. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
the system (10) further comprises start-up activa-
tion means for generating a repeated series of said
pump control signals to activate at least one of said
first and second pumping chambers to pressurize
said accumulator (12) during engine start-up, prior
to a time when said engine position sensor means
(31) begins to provide an accurate indication of en-
gine angular position.

9. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
the system (10) comprises rate shaping means po-
sitioned between said electrically controlled sole-
noid valve (20) and said individual combustion
chambers for dynamically varying the pressure of
fuel delivered to the combustion chamber during an
injection event, wherein said control means (13) fur-
ther comprises rate shaping control means con-
nected to said rate shaping means for generating
control signals to dynamically vary the pressure of
fuel delivered to the combustion chamber during an
injection event.

10. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
said solenoid valve actuating means further com-
prises multiple level boost means for selectively
providing one of three voltage levels to a coil of said
electrically controlled solenoid valve (20): a first lev-
el which is provided upon receipt of said valve con-
trol signal; a second level lower than said first level
which is substituted for said first level prior to the
opening of said electrically controlled solenoid
valve (20), with said second level established at a
voltage which does not saturate the coil; and a third

level lower than said second level which is substi-
tuted for said second level after opening of said
electrically controlled solenoid valve (20) to hold
said electrically controlled solenoid valve (20) in an
open position.

11. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
the system (10) further comprises back EMF detec-
tion means connected to said solenoid valve actu-
ating means for electrically detecting initiation and
cessation of mechanical movement of said electri-
cally controlled solenoid valve (20) based on driving
current flow to said electrically controlled solenoid
valve (20).

12. Fuel delivery and control system according to claim
11, characterized in that said back EMF detection
means comprises two operational amplifiers (1606,
1608) each having positive and negative inputs and
an output, wherein the positive input of the first op-
erational amplifier (1606) is connected to a sense
resistor (1602) in the circuit of a coil of said electri-
cally controlled solenoid valve (20), wherein the
positive input of the second operational amplifier
(1608) is connected to the output of the first opera-
tional amplifier (1606), wherein the negative inputs
of the first and second operational amplifiers (1606,
1608) are connected through a blocking device
(1604) to ground, wherein the positive and negative
inputs of the second operational amplifier (1608)
are connected by a diode network allowing current
to flow from either of said positive and negative in-
puts of the second operational amplifier (1608) to
the other of said inputs, and wherein the output of
the second operational amplifier (1608) is connect-
ed to provide an output signal indicative of solenoid
valve movement.

13. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
the system (10) has a plurality of fuel lines between
said distributor (16) and the individual combustion
chambers, wherein at least two of these lines have
different lengths, wherein the system (10) further
comprises means for storing a value associated
with each combustion chamber varying with fuel
line length between said distributor (16) and that
combustion chamber, and injection command var-
ying means for varying said valve control signal to
compensate for the different fuel line lengths.

14. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
said solenoid valve actuating means further com-
prises pre-bias means for selectively providing one
of two current levels to a coil of said electrically con-
trolled solenoid valve (20): a first current level less
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than a pull-in current of said electrically controlled
solenoid valve (20) which is applied to the coil dur-
ing a time immediately prior to an anticipated acti-
vation of said electrically controlled solenoid valve
(20); and a second current level equal to or greater
than the pull-in current which is applied to the coil
in response to said valve control signal indicating
that fuel injection is desired.

15. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
the system (10) further comprises pump operation
monitoring means connected to said control means
(13) for storing at least one previous measured ac-
cumulator pressure value associated with one of
said first and second pumping chambers and com-
paring that previous value to a current accumulator
pressure value associated with the other of said first
and second pumping chambers, and providing an
indication if the difference between said current and
previous values exceeds a predetermined stored
value.

16. Fuel delivery and control system according to any
one of the preceding claims, characterized in that
the system (10) further comprises speed control
means for varying fueling levels to maintain a con-
stant engine speed in response to application and
removal of a fixed engine load, operator input
means for receiving an indication that the fixed load
is being applied, and load event response means
for electronically increasing fueling levels to the en-
gine in response to the indication that the fixed load
is being applied.

Patentansprüche

1. Kraftstoffversorgungs- und -steuerungssystem (10)
mit integrierter elektronischer Steuerung für einen
Mehrzylinderinnenverbrennungsmotor, wobei das
System (10) aufweist:

einen Hochdruckspeicher (12);

ein Sensormittel für Speicherdruck (22) zum
Erzeugen eines den Kraftstoffdruck in dem
Hochdruckspeicher (12) anzeigenden Drucksi-
gnals;

mindestens eine erste und eine zweite Hoch-
druckpumpkammer, die bei Pumpvorgängen
variabler Dauer Kraftstoff dem Hochdruckspei-
cher (12) selektiv zuführen;

Betätigungsmittel zur Druckübertragung (18,
19), um selektiv die Pumpvorgänge zu bewir-
ken bzw. einzuleiten, die Kraftstoff von der er-

sten bzw. zweiten Hochdruckpumpkammer zu
dem Hochdruckspeicher (12) in Abhängigkeit
von Pumpensteuersignalen übertragen;

einen Kraftstoffverteiler (16);

eine Vielzahl von Kraftstoffversorgungsleitun-
gen, die mit dem Kraftstoffverteiler (16) verbun-
den sind, um Kraftstoff den Motorzylindern je-
weils zuzuführen;

ein elektrisch gesteuertes Solenoidventilmittel,
das den Hochdruckspeicher (12) und den Kraft-
stoffverteiler (16) verbindet;

Solenoidventilbetätigungsmittel zum Öffnen
des elektrisch gesteuerten Solenoidventilmit-
tels in Abhängigkeit von einem Ventilsteuersi-
gnal, so daß Kraftstoff von dem Hochdruck-
speicher (12) zu einzelnen Brennräumen der
Motorzylinder zu gewählten Zeiten durch den
Kraftstoffverteiler (16) bei bzw. nach Aktivie-
rung des elektrisch gesteuerten Solenoidven-
tilmittels fließt; und

ein Steuermittel (13), das mit dem Sensormittel
für Speicherdruck (22) und dem Betätigungs-
mittel für Druckübertragung (18, 19) und mit
dem Solenoidventilbetätigungsmittel verbun-
den ist;

dadurch gekennzeichnet,

daß ein Motorpositionssensormittel (31) zum
Erzeugen eines Positionssignals vorgesehen
ist, das die Winkelposition der Motorrotation re-
lativ zu einem Bezugspunkt anzeigt;

daß die Pumpvorgänge eine variable Startzeit
und eine definierte bzw. festgelegte Beendi-
gungszeit relativ zu einer Winkelposition der
Motorrotation haben;

daß das Steuermittel (13) ein Speichermittel für
das Speichern eines Programms und einen Mi-
kroprozessor (230) umfaßt, der elektrische Ein-
gänge und Ausgänge aufweist, die mit dem
Speichermittel verbunden sind, um das Pro-
gramm zu lesen und auszuführen, wobei das
Steuermittel (13) auch mit dem Motorpositions-
sensormittel (31) verbunden ist, um: die Win-
kelposition der Motorrotation zu überwachen
und den Speicherdruck synchron mit der Win-
kelposition zu überwachen und selektiv Pum-
pensteuersignale zu erzeugen, um die Pump-
vorgänge zu berechneten Zeiten zu starten, die
relativ zu einer Winkelposition der Motorrotati-
on variieren, um dadurch die Dauer der Pump-
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vorgänge zu variieren, um einen gewünschten
Druckbereich in dem Hochdruckspeicher (12)
aufrechtzuerhalten;

daß das elektrisch gesteuerte Solenoidventil-
mittel nur ein elektrisch gesteuertes Solenoid-
ventil (20) aufweist;

daß nur eine Steuerleitung (24) mit dem Sole-
noidventilbetätigungsmittel verbunden ist, um
das Ventilsteuersignal zu übertragen; und

daß das Steuermittel (13) wirkt bzw. arbeitet,
um eine Vielzahl der Ventilsteuersignale zu be-
rechneten Zeiten während jeder Periode syn-
chron mit der Winkelposition zu erzeugen,
wenn eine Einspritzung von Kraftstoff nachein-
ander in jeden der fluidisch mit dem Hochdruck-
speicher (12) durch den Kraftstoffverteiler (16)
verbundenen Brennräume der Motorzylinder
erwünscht ist.

2. Kraftstoffversorgungs- und -steuerungssystem
nach Anspruch 1, dadurch gekennzeichnet, daß
der Mikroprozessor (230) die Positionssignale in
Standardintervallen während der Rotation des Mo-
tors empfängt und, abhängig von der Winkelpositi-
on des Motors bei jedem Intervall, erstens eine Ven-
tilzeitgeberfunktion zum Erzeugen des Solenoid-
ventilsteuersignals nach einer programmierten ver-
strichenen Zeit und zweitens eine Pumpenzeitge-
berfunktion zum Erzeugen eines der Pumpensteu-
erventilsignale nach einer programmierten verstri-
chenen Zeit, selektiv betätigt bzw. ausführt.

3. Kraftstoffversorgungs- und -steuerungssystem
nach Anspruch 2, dadurch gekennzeichnet, daß
das System (10) ferner ein Unterbrechungsmittel
aufweist, um eine Mikroprozessorunterbrechung zu
erzeugen, die periodisch auf den Positionssignalen
beruht.

4. Kraftstoffversorgungs- und -steuerungssystem
nach Anspruch 3, dadurch gekennzeichnet, daß
das Unterbrechungsmittel den Mikroprozessor
(230) nach dem Ablauf bzw. Durchgang von 30
Grad Motorrotation unterbricht.

5. Kraftstoffversorgungs- und -steuerungssystem
nach Anspruch 2, dadurch gekennzeichnet, daß
System (10) ein Sensormittel für Motorbetriebsbe-
dingungen aufweist, das mit dem Steuermittel (13)
verbunden ist, um Information über gegenwärtige
Motorbetriebsparameter bereitzustellen.

6. Kraftstoffversorgungs- und -steuerungssystem
nach Anspruch 5, dadurch gekennzeichnet, daß
das System (10) ferner ein variables Zeitsteuermit-

tel aufweist, das dem Mikroprozessor (230) zuge-
ordnet ist, um die programmierten verstrichenen
Zeiten vor der Erzeugung der Steuersignale der
Ventilzeitgeberfunktion und der Pumpenzeitgeber-
funktion in Abhängigkeit von der Information dyna-
misch zu variieren, die durch das Sensormittel für
Motorbetriebsbedingungen bereitgestellt wird.

7. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das Motorpositions-
sensormittel (31) ein Positionserfassungsmittel
zum Erzeugen eines Signals bei einer bestimmten
Position einer rotierenden Welle, ein Drehzahler-
fassungsmittel zum Erzeugen eines Signals, das
die Motorgeschwindigkeit bzw. -drehzahl anzeigt,
sowie ein Positionsberechnungsmittel zum Emp-
fangen des Signals des Positionserfassungsmittels
und des Signals des Drehzahlerfassungsmittels so-
wie zum Erzeugen des Positionssignals, das die
Winkelposition der Motorrotation relativ zu einem
Bezugspunkt anzeigt, aufweist.

8. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das System (10) fer-
ner ein Startaktivierungsmittel zum Erzeugen einer
wiederholten Reihe der Pumpensteuersignale auf-
weist, um mindestens eine der ersten und zweiten
Pumpenkammer zu aktivieren, um den Speicher
(12) während des Motorstarts mit Druck zu beauf-
schlagen, vor einem Zeitpunkt, wenn das Motorpo-
sitionssensormittel (31) anfängt, eine genaue An-
zeige bzw. Angabe der Winkelposition des Motors
bereitzustellen.

9. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das System (10) ein
Ratenanpassungsmittel aufweist, das zwischen
dem elektrisch gesteuerten Solenoidventil (20) und
den einzelnen Brennräumen angeordnet ist, um
den Kraftstoffdruck dynamisch zu variieren, der
während eines Einspritzvorgangs zu dem Brenn-
raum gefördert wird, wobei das Steuermittel (13)
ferner ein Ratenanpassungssteuermittel aufweist,
das mit dem Ratenanpassungsmittel zum Erzeu-
gen von Steuersignalen verbunden ist, um den
Kraftstoffdruck dynamisch zu variieren, der zu dem
Brennraum während eines Einspritzvorgangs ge-
fördert wird.

10. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das Solenoidbetäti-
gungsmittel ferner ein mehrstufiges Verstärkungs-
mittel aufweist, um selektiv eines von drei Span-
nungsniveaus zu einer Spule des elektrisch gesteu-
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erten Solenoidventils (20) zu liefern: ein erstes Ni-
veau, das nach Empfang des Ventilsteuersignals
bereitgestellt wird; ein zweites Niveau, das niedri-
ger als das erste Niveau ist, das das erste Niveau
ersetzt vor dem Öffnen des elektrisch gesteuerten
Solenoidventils (20), wobei das zweite Niveau mit
einer Spannung gebildet ist, die die Spule nicht sät-
tigt; und ein drittes Niveau, das niedriger als das
zweite Niveau ist, das das zweite Niveau ersetzt
nach dem Öffnen des elektrisch gesteuerten Sole-
noidventils (20), um das elektrisch gesteuerte So-
lenoidventil (20) in einer offenen Position zu halten.

11. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das System (10) fer-
ner ein Gegen-EMK-Erfassungsmittel aufweist, das
mit dem Solenoidventilbetätigungsmittel verbun-
den ist, um elektrisch den Beginn und das Ende der
mechanischen Bewegung des elektrisch gesteuer-
ten Solenoidventils (20) basierend auf dem Treiber-
stromfluß zu dem elektrisch gesteuerten Solenoid-
ventil (20) zu erfassen.

12. Kraftstoffversorgungs- und -steuerungssystem
nach Anspruch 11, dadurch gekennzeichnet, daß
das Gegen-EMK-Erfassungsmittel zwei Operati-
onsverstärker (1606, 1608) umfaßt, von denen je-
der positive und negative Eingänge und einen Aus-
gang hat, wobei der positive Eingang des ersten
Operationsverstärkers (1606) mit einem Abtastwi-
derstand (1602) in dem Schaltkreis einer Spule des
elektrisch gesteuerten Solenoidventils (20) verbun-
den ist, wobei der positive Eingang des zweiten
Operationsverstärkers (1608) mit dem Ausgang
des ersten Operationsverstärkers (1606) verbun-
den ist, wobei die negativen Eingänge des ersten
und zweiten Operationsverstärkers (1606, 1608)
über eine Sperr- bzw. Blockiereinrichtung (1604)
mit Erde bzw. Masse verbunden sind, wobei die po-
sitiven und negativen Eingänge des zweiten Ope-
rationsverstärkers (1608) durch ein Diodennetz-
werk verbunden sind, das dem Strom ermöglicht,
von jedem der positiven und negativen Eingänge
des zweiten Operationsverstärkers (1608) zu den
anderen Eingängen zu fließen, und wobei der Aus-
gang des zweiten Operationsverstärkers (1608)
verbunden ist, um ein Ausgangssignal zu liefern,
das eine Solenoidventilbewegung anzeigt.

13. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das System (10) eine
Vielzahl von Kraftstoffleitungen zwischen dem Ver-
teiler (16) und den einzelnen Brennräumen hat, wo-
bei mindestens zwei dieser Leitungen unterschied-
liche Längen haben, wobei das System (10) ferner
ein Mittel zum Speichern eines Wertes, der jedem

Verbrennungsraum zugeordnet ist und mit der Län-
ge der Kraftstoffleitung zwischen dem Verteiler (16)
und dem Verbrennungsraum variiert, und ein Ein-
spritzbefehlsvariierungsmittel zum Variieren des
Einspritzsteuerungssignals, um die unterschiedli-
chen Kraftstoffleitungslängen zu kompensieren,
aufweist.

14. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das Solenoidventilbe-
tätigungsmittel ferner ein Vorspannungsmittel auf-
weist, um selektiv eines von zwei Stromniveaus an
eine Spule des elektrisch gesteuerten Solenoidven-
tils (20) zu liefern: ein erstes Stromniveau, das nied-
riger als ein An- bzw. Einziehstrom des elektrisch
gesteuerten Solenoidventils (20) ist und das wäh-
rend eines Zeitraums unmittelbar vor einer erwar-
teten Aktivierung des elektrisch gesteuerten Sole-
noidventils (20) auf die Spule wirkt; und ein zweites
Stromniveau, das gleich oder höher als der An-
bzw. Einziehstrom ist und das auf die Spule in Re-
aktion auf das Ventilsteuersignal wirkt, das anzeigt,
daß eine Kraftstoffeinspritzung erwünscht ist.

15. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das System (10) fer-
ner ein Pumpenbetriebsüberwachungsmittel auf-
weist, das mit dem Steuermittel (13) zum Speichern
von mindestens einem vorher gemessenen Spei-
cherdruckwert verbunden ist, der der ersten oder
der zweiten Pumpenkammer zugeordnet ist, und
das diesen früheren Wert mit einem gegenwärtigen
Speicherdruckwert vergleicht, der der ersten oder
der zweiten Pumpenkammer zugeordnet ist, und
das einen Hinweis liefert, ob der Unterschied zwi-
schen dem gegenwärtigen und früheren Werten ei-
nen festgelegten gespeicherten Wert überschreitet.

16. Kraftstoffversorgungs- und -steuerungssystem
nach einem der voranstehenden Ansprüche, da-
durch gekennzeichnet, daß das System (10) fer-
ner ein Geschwindigkeits- bzw. Drehzahlsteue-
rungsmittel zum Variieren von Kraftstoffversor-
gungsniveaus aufweist, um eine konstante Motor-
drehzahl bzw. -geschwindigkeit in Abhängigkeit
bzw. als Reaktion auf Anlegen und Entfernen einer
festgelegten Motorbelastung aufrechtzuerhalten,
ein Bedienereingabemittel zum Empfangen eines
Hinweises, daß eine festgelegte Belastung bevor-
steht, und ein Belastungsvorgangsreaktionsmittel,
um die Kraftstoffversorgungsniveaus für den Motor
elektronisch in Reaktion auf den Hinweis zu erhö-
hen, daß die festgelegte Belastung bevorsteht, auf-
weist.
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Revendications

1. Système de commande et de distribution de carbu-
rant (10) comprenant une commande électronique
intégrée pour un moteur polycylindrique à combus-
tion interne, dans lequel le système (10) comprend :

un accumulateur haute pression (12) ;

un moyen de détection de la pression de l'ac-
cumulateur (22) pour générer un signal de
pression indicatif de la pression de carburant
régnant dans ledit accumulateur haute pres-
sion (12);

au moins des première et deuxième chambres
de pompage haute pression qui acheminent de
manière sélective du carburant audit accumu-
lateur haute pression (12) dans des événe-
ments de pompage de durée variable ;

des moyens d'actionnement de transfert de
pression (18, 19) pour déclencher de manière
sélective lesdits événements de pompage
transférant du carburant audit accumulateur de
pression (12) à partir desdites première et
deuxième chambres de pompage haute pres-
sion, respectivement, en réponse à des si-
gnaux de commande de pompage ;

un distributeur de carburant (16) ;

plusieurs lignes d'approvisionnement de car-
burant reliées audit distributeur de carburant
(16) pour acheminer du carburant aux cylindres
du moteur respectivement ;

un moyen de soupape magnétique à comman-
de électrique reliant ledit accumulateur haute
pression (12) et ledit distributeur de carburant
(16) ;

un moyen d'actionnement de soupape magné-
tique pour ouvrir ledit moyen de soupape ma-
gnétique à commande électrique en réponse à
un signal de commande de soupape de telle
sorte que du carburant s'écoule depuis ledit ac-
cumulateur haute pression (12) jusqu'à des
chambres de combustion individuelles des cy-
lindres du moteur à des moments sélectionnés
à travers ledit distributeur de carburant (16) lors
de l'activation dudit moyen de soupape magné-
tique à commande électrique ; et

un moyen de commande (13) relié audit moyen
de détection de la pression de l'accumulateur
(22) et auxdits moyens d'actionnement de
transfert de pression (18, 19), ainsi qu'audit

moyen d'actionnement de soupape
magnétique ;

caractérisé

en ce qu'on prévoit un moyen de détection (31)
de la position du moteur pour générer un signal
de position indicatif de la position angulaire de
la rotation du moteur par rapport à un point de
référence ;

en ce que lesdits événements de pompage
possèdent un temps de démarrage variable et
un temps de terminaison défini par rapport à
une position angulaire de la rotation du moteur ;

en ce que ledit moyen de commande (13) en-
globe un moyen de mémoire pour mémoriser
un programme et un microprocesseur (230)
possédant des entrées et des sorties électri-
ques reliées audit moyen de mémoire afin de
lire et d'exécuter ledit programme, ledit moyen
de commande (13) étant également relié audit
moyen (31) de détection de la position du mo-
teur pour surveiller ladite position angulaire de
la rotation du moteur et surveiller ladite pres-
sion de l'accumulateur de manière synchrone
avec ladite position angulaire et pour générer
de manière sélective des signaux de comman-
de de pompage afin de démarrer lesdits évé-
nements de pompage à des moments calculés
qui varient en fonction de la position angulaire
de la rotation du moteur, pour ainsi faire varier
la durée desdits événements de pompage afin
de maintenir une plage de pression désirée
dans ledit accumulateur haute pression 12 ;

en ce que ledit moyen de soupape magnétique
à commande électrique comprend . une seule
soupape magnétique (20) à commande
électrique ;

en ce qu'une seule ligne de commande (24)
est reliée audit moyen d'actionnement de sou-
pape magnétique pour transporter ledit signal
de commande de soupape ; et

en ce que ledit moyen de commande (13) tra-
vaille pour générer de manière sélective plu-
sieurs desdits signaux de commande de sou-
pape à des moments calculés au cours de cha-
que période de manière synchrone avec ladite
position angulaire lorsqu'une injection de car-
burant est désirée de manière successive dans
chacune des chambres de combustion des cy-
lindres du moteur reliées par fluide audit accu-
mulateur haute pression (12) via ledit distribu-
teur de carburant (16).
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2. Système de commande et de distribution de carbu-
rant selon la revendication 1, caractérisé en ce
que ledit microprocesseur (230) reçoit lesdits si-
gnaux de position à des intervalles standard lors de
la rotation du moteur et, en fonction de la position
angulaire du moteur à chacun desdits intervalles,
actionne de manière sélective en premier lieu une
fonction de synchronisation de soupape pour géné-
rer ledit signal de commande de soupape magnéti-
que après un laps de temps écoulé de manière pro-
grammée et en deuxième lieu une fonction de syn-
chronisation de pompage pour générer un desdits
signaux de commande de pompage après un laps
de temps écoulé de manière programmée.

3. Système de commande et de distribution de carbu-
rant selon la revendication 2, caractérisé en ce
que le système (10) comprend en outre un moyen
d'interruption pour générer une interruption du mi-
croprocesseur de manière périodique en se basant
sur lesdits signaux de position.

4. Système de commande et de distribution de carbu-
rant selon la revendication 3, caractérisé en ce
que ledit moyen d'interruption interrompt ledit mi-
croprocesseur (230) après le passage de 30 degrés
de rotation du moteur.

5. Système de commande et de distribution de carbu-
rant selon la revendication 2, caractérisé en ce
que le système (10) comprend en outre un moyen
de détection de la condition de fonctionnement du
moteur relié audit moyen de commande (13) pour
fournir des informations concernant les paramètres
de fonctionnement du moteur en vigueur.

6. Système de commande et de distribution de carbu-
rant selon la revendication 5, caractérisé en ce
que le système (10) comprend en outre un moyen
de minutage variable associé audit microproces-
seur (230) pour faire varier de manière dynamique
les laps de temps écoulés de manière programmée
avant la génération desdits signaux de commande
de ladite fonction de synchronisation de soupape et
de ladite fonction de synchronisation de pompe en
réponse auxdites informations fournies par ledit
moyen de détection de la condition de fonctionne-
ment du moteur.

7. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que ledit moyen de
détection de la position du moteur (31) comprend
un moyen de détection de la position pour générer
un signal à une position spécifiée de l'arbre de ro-
tation, un moyen de détection de la vitesse de rota-
tion pour générer un signal indicatif de la vitesse du
moteur et un moyen de calcul de la position pour

recevoir ledit signal de moyen de détection de la
position et ledit signal du moyen de détection de la
vitesse de rotation et pour générer ledit signal de
position indiquant la position angulaire de la rotation
du moteur par rapport à un point de référence.

8. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que le système (10)
comprend en outre un moyen d'activation du dé-
marrage pour générer une série répétée desdits si-
gnaux de commande de pompage afin d'activer au
moins une desdites première et deuxième cham-
bres de pompage dans le but de mettre sous pres-
sion ledit accumulateur (12) au cours du démarrage
du moteur, avant un moment correspondant au fait
que ledit moyen de détection de la position du mo-
teur (31) commence à fournir une indication précise
de la position angulaire du moteur.

9. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que le système (10)
comprend un moyen de configuration du débit dis-
posé entre ladite soupape magnétique (20) à com-
mande électrique et lesdites chambres de combus-
tion individuelles afin de faire varier de manière dy-
namique la pression du carburant distribué aux
chambres de combustion au cours d'un événement
d'injection, dans lequel ledit moyen de commande
(13) comprend en outre un moyen de commande
de la configuration du débit relié audit moyen de
configuration de du débit pour générer des signaux
de commande afin de faire varier de manière dyna-
mique la pression du carburant distribué aux cham-
bres de combustion au cours d'un événement d'in-
jection.

10. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que ledit moyen d'ac-
tionnement de la soupape magnétique comprend
en outre plusieurs moyens d'amplification de niveau
pour procurer de manière sélective un des trois ni-
veaux de tension à une bobine de ladite soupape
magnétique (20) à commande électrique : un pre-
mier niveau qui est procuré lors de la réception dudit
signal de commande de soupape ; un deuxième ni-
veau inférieur audit premier niveau qui remplace le-
dit premier niveau avant l'ouverture de ladite sou-
pape magnétique (20) à commande électrique, ledit
deuxième niveau étant établi à une tension qui ne
provoque pas la saturation de la bobine ; et un troi-
sième niveau inférieur audit deuxième niveau qui
remplace ledit deuxième niveau après ouverture de
ladite soupape magnétique (20) à commande élec-
trique afin de maintenir ladite soupape magnétique
(20) à commande électrique dans une position
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ouverte.

11. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que le système (10)
comprend en outre un moyen de détection du
champ électromagnétique en retour, relié audit
moyen d'entraînement de soupape magnétique
pour déclencher et arrêter par voie électrique le
mouvement mécanique de ladite soupape magné-
tique (20) à commande électrique en se basant sur
la circulation du courant d'entraînement en direction
de ladite soupape magnétique (20) à commande
électrique.

12. Système de commande et de distribution de carbu-
rant selon la revendication 11, caractérisé en ce
que ledit moyen de détection du champ électroma-
gnétique en retour comprend deux amplificateurs
opérationnels (1606, 1608) possédant chacun des
entrées positives et négatives et une sortie, dans
lequel l'entrée positive du premier amplificateur
opérationnel (1606) est reliée à une résistance de
lecture (1602) dans le circuit d'une bobine de ladite
soupape magnétique (20) à commande électrique,
dans lequel l'entrée positive du deuxième amplifi-
cateur opérationnel (1608) est reliée à la sortie du
premier amplificateur opérationnel (1606), dans le-
quel les entrées négatives des premier et deuxième
amplificateurs opérationnels (1606, 1608) sont re-
liées, via un dispositif de blocage (1604) à la terre,
dans lequel les entrées positives et négatives du
deuxième amplificateur opérationnel (1608) sont
reliées via un réseau de diode permettant à du cou-
rant de s'écouler depuis l'une quelconque desdites
entrées positive et négative dudit deuxième ampli-
ficateur opérationnel (1608) en direction desdites
autres entrées, et dans lequel la sortie du deuxième
amplificateur opérationnel (1608) est reliée pour
procurer un signal de sortie indicatif du mouvement
de la soupape magnétique.

13. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que le système (10)
possède plusieurs lignes de carburant entre ledit
distributeur (16) et les chambres de combustion in-
dividuelles, dans lequel au moins deux de ces li-
gnes possèdent des longueurs différentes, dans le-
quel le système (10) comprend en outre des
moyens pour mémoriser une valeur associée à cha-
que chambre de combustion qui varie en fonction
de la longueur de la ligne de carburant entre ledit
distributeur (16) et lesdites chambres de combus-
tion, et un moyen de variation de la commande d'in-
jection pour faire varier ledit signal de commande
de soupape afin de compenser des longueurs dif-
férentes de lignes de carburant.

14. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que le dit moyen d'en-
traînement de soupape magnétique comprend en
outre un moyen de mise en état de précontrainte
pour procurer de manière sélective l'un ou l'autre
niveau de courant à une bobine de ladite soupape
magnétique (20) à commande électrique : un pre-
mier niveau de courant inférieur à un courant d'ac-
crochage de ladite soupape magnétique (20) à
commande électrique qui est appliqué sur la bobine
au cours du laps de temps précédant directement
une activation anticipée de ladite soupape magné-
tique (20) à commande électrique ; et un deuxième
niveau de courant égal ou supérieur au courant
d'accrochage qui est appliqué sur la bobine en ré-
ponse audit signal de commande de soupape indi-
quant qu'une injection de carburant est désirée.

15. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que le système (10)
comprend en outre un moyen de surveillance du
fonctionnement de la pompe relié audit moyen de
commande (13) pour mémoriser au moins une va-
leur de pression régnant dans l'accumulateur qui a
été mesurée au préalable, associée à une desdites
première et deuxième chambres de pompage, et
pour comparer ladite valeur préalable à une valeur
de la pression en vigueur régnant dans l'accumula-
teur, associée à l'autre desdites première et deuxiè-
me chambres de pompage, et pour procurer une
indication lorsque la différence entre ladite valeur
en vigueur et ladite valeur précédente dépasse une
valeur prédéterminée mémorisée.

16. Système de commande et de distribution de carbu-
rant selon l'une quelconque des revendications pré-
cédentes, caractérisé en ce que le système (10)
comprend en outre un moyen de commande de la
vitesse pour faire varier des niveaux d'alimentation
en carburant afin de maintenir une vitesse de mo-
teur constante en réponse à l'application et à la sup-
pression d'une charge de moteur fixe, un moyen
d'entrée d'opérateur pour la réception d'une indica-
tion concernant le fait qu'une charge fixe est appli-
quée, et un moyen de réponse d'événement de
charge pour augmenter par voie électronique les ni-
veaux d'alimentation en carburant au moteur en ré-
ponse à l'indication concernant l'application d'une
charge fixe.
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