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1

DEVICE AND METHOD FOR DECREASING
DELAYS IN FUEL INJECTED INTERNAL
COMBUSTION ENGINES

FIELD OF THE INVENTION

This invention relates generally to fuel injected inter-
nal combustion engines and more particularly to elec-
tronic or electro-mechanical fuel injection systems.

BACKGROUND OF THE INVENTION

Electronic fuel injection systems typically include a
digital computer for monitoring a variety of engine
operating parameters, engine conditions and throttle or
power outputs signals from a throttle sensor to produce
fueling signals in response thereto. The fueling signals
are supplied to electromechanical fuel injection devices.
A great variety of fuel injection systems are known in
the art. A few of those systems are discussed below.

Hanafusa et al., U.S. Pat. No. 4,700,681, discloses a
fuel injection system for an internal combustion engine
wherein each cylinder of the engine includes an individ-
ual fuel injector. The Hanafusa et al. device calculates a
basic amount of fuel necessary for one engine cycle, and
then a final injection amount is calculated as a differ-
ence between the basic amount of fuel required with
respect to the actual amount of fuel injected during a
preceding injection of the corresponding group of cyl-
inders, which are grouped according to a phase rela-
tionship in view of the angular position of the crank-
shaft. Klassen, U.S. Pat. No. 4,869,222, discloses a con-
trol system and method for controlling actual fuel deliv-
ered by individual fuel injectors. A plurality of fuel
command controllers provide a separate command sig-
nal to each fuel injector in response to a single base fuel
command. The correction time period is calculated
during a correction interval and each of the fuel com-
mand signals is offset in a predetermined sequence by a
predetermined amount. Measurements of the average
air/fuel ratios among the combustion chambers is taken
during each correction interval. Air flow into the com-
bustion chambers is also measured. In response to these
measured parameters, the actual fuel delivered to each
fuel injector is calculated. Ohnari et al., U.S. Pat. No.
4,887,216, discloses a method of engine control timed to
engine revolution. Controlled measurement timings of
air volume as well as fuel volume and exhaust gas pa-
rameters are included in calculating timing of fuel injec-
tion volume and ignition timing. These timings are syn-
chronized with regard to a crank angle position such as
top dead center. Nakamura et al, U.S. Pat. No.
4,825,373, discloses a fuel injection timing control appa-
ratus for a diesel engine, including a determination of
when actual ignition can be detected. The apparatus
includes means for computing the target time at which
injection should occur and means for sensing when
injection actually occurs with respect to a reference
crankshaft position. Feedback control means enable
adjustment of the actual injection time to bring the
previously mentioned parameters into coincidence with
the target injection time. A compensation factor is com-
puted based upon the difference between the actual and
target firing times, and is utilized to modify the actual
fuel injection timing so as to bring the actual and target
firing times into coincidence. Oshizawa, U.S. Pat. No.
4,825,369, discloses an apparatus for controlling fuel
injection timing of a fuel injection pump. The Oshizawa
device includes a device for detecting a delay time of

5,137,000

—

S

40

60

2

fuel injection due to the delay time of a solenoid valve
which is opened/closed by a driving pulse. The sole-
noid valve controls fuel injection. The delay time of fuel
injection is converted into the angle of a driving shaft of
the pump corresponding to the delay time. A target
advance angle according to the operating condition of
an associated internal combustion engine is calculated
and the output timing of the driving pulse is set by
taking a count of the angle corresponding to the delay
time of fuel injection, whereby the target advance angle
can be obtained in response to the driving pulse.

As is shown in the above patents, various feedback
control systems have been devised to provide rapid and
responsive control of fuel injection systems used with
internal combustion engines. With regard to heavy duty
diesel engines, a primary objective with regard to a
feedback control system for controlling fuel injection is
economy. In addition, responsiveness to driver inputs
for variations in power output of the engine must be
rapid and responsive in a real time sense. A fuel injec-
tion system which provides instantaneous changes in
fuel injection control signals would decrease delays in
the fuel injection system resuiting in improved fuel
economy as well as improved responsiveness to driver
throttle commands.

SUMMARY OF THE INVENTION

A method for decreasing delays in fuel injected inter-
nal combustion engines according to one aspect of the
present invention includes the steps of (1) detecting a
fueling request, (2) determining a fueling requirement
based upon said fueling request, (3) producing a timed
fueling signal in accordance with said fueling require-
ment, (4) continuously repeating steps (1) and (2) and
altering the duration of the timed fueling signal before
the expiration thereof. .

A fuel injector controller for use with a fuel injected
multi-cylinder internal combustion engine according to
another aspect of the present invention comprises
means for supplying fuel to the cylinders of the engine,
the means for supplying including a plurality of fuel
signal inputs each corresponding to a cylinder of the
engine, the means for supplying responding to signals
supplied to the fuel signal inputs and metering fuel to
corresponding cylinders of the engine, circuit means
responsive to the power output request signal and pro-
ducing a fueling signal for each power stroke of each
cylinder of the engine, the fueling signals supplied to
corresponding ones of the fuel signal inputs, and
wherein the duration of the fueling signals is altered in
accordance with changes in the power output request
signal.

One object of the present invention is to provide an
improved method and apparatus for decreasing delays
in a fuel injected internal combustion engine having a
fuel injection control device.

Another object of the present invention is to provide
instantaneous response to engine power output requests
by instantaneously modifying fueling signals during the
current engine cycle in accordance with throttle posi-
tion input signals.

A further object of the present invention is to provide
a fuel injection system having improved feedback re-
sponsiveness and improved fuel economy.

Other objects and advantages of the present invention
will become more apparent from the following descrip-
tion of the preferred embodiment.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic illustration of an electric
engine control device according to the present inven-
tion.

FIG. 2 is a timing diagram depicting fuel injector
signals or meter pulses produced in response to three
different fueling level requests.

FIG. 3 is a flowchart of an algorithm for calculating
fueling requirements. )

FIG. 4 is a flowchart of an algorithm for revising the
duration of fueling signals supplied to the fuel injectors
in accordance with a change in a fueling level request.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

For the purposes of promoting an understanding of
the principles of the invention, reference will now be
made to the embodiment illustrated in the drawings and
specific language will be used to describe the same. It
will nevertheless be understood that no limitation of the
scope of the invention is thereby intended, such alter-
ations and further modifications in the illustrated de-
vice, and such further applications of the principles of
the invention as illustrated therein being contemplated
as would normally occur to one skilled in the art to
which the invention relates.

Referring now to FIG. 1, an electronic engine con-
trol device 10 for decreasing delays in fuel injected
engines according to the present invention is diagram-
matically illustrated. The device 10 includes an engine
control module 11 includes a microcomputer having
digital and analog I/O capability and associated 1/0
interface circuitry. Input signals to the engine control
module or ECM 11 from the cab area A include signals
from the clutch switch 12, brake switch 14, engine
brake on/off switch 16, idle validation switch 18, accel-
erator position sensor assembly 20, cruise control
switches 26, and diagnostic test input 32. In addition, a
data connection or serial data link 24 is provided to
enable exchange of data between external processors
and ECM 11. Tachometer output 22 provides an indica-
tion of engine speed to the driver. Idle/diagnostics
INC/DEC switch 28 provides diagnostics operation
capability. Fault lamps 30 are illuminated by ECM 11 in
response to various sensed parameters or engine operat-
ing conditions. Diagnostic test input 32 is provided to
enable diagnostic analysis of the device 10. ECM 11
receives a vehicle speed signal from vehicle speed sen-
sor 34 located within transmission 35. Battery 36
supplies power to the device 10 and the other electrical
systems of the vehicle. Fuse 38 is situated in series with
a power signal from battery 36 to prevent damage to
wiring in during excess current flow conditions.

Cylinder selection device 40 and engine brake relay
42 are enabled by vehicle key switch 41. Once enabled
by key switch 41, the device 40 and relay are controlled
by ECM 11. The engine brake apparatus of compression
brake actuators 44, 46, and 48 are controlled by the
cylinder selection device 40 and provide three separate
engine braking levels in the form of two, four, or six
cylinders of engine braking. Fan clutch solenoid 50 is
controlled by ECM 11. Fan clutch solenoid 50, when
engaged, engages operation of a cooling fan (not
shown) resulting in additional cooling of the radiator
(not shown). Coolant level switch 52 provides an input
to ECM 11 indicative of the level of coolant in the
cooling system (not shown) of the engine B. Devices
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closely associated with the engine or mounted on the
engine are contained within the broken line depicting
engine B. Fuel shutoff valve 54 is directly controlied by
ECM 11 and disrupts fuel supply to the fuel injectors
61-66. Fuel supply pump 56 and fuel filter 58 are in line
and in fluid communication with the vehicle fuel tank
62. Fuel cooler 60 is designed to cool the fuel, as well as
maintain a safe operating temperature environment for -
ECM 11. Electro-mechanical fuel injectors 61-66 are
individually controlled by ECM 11. Six control signals
present in signal bus 67 provide individual control sig-
nals (shown in FIG. 2) to the fuel injectors 61-66. En-
gine operating conditions are sensed via oil pressure
sensor 72, manifold boost pressure sensor 74, engine
coolant temperature sensor 76, oil temperature sensor
78, ambient air pressure sensor 80, engine speed and
position sensor 82, and manifold air temperature sensor
84. In addition, waste gate solenoid 70 provides a means
controlled by ECM 11 for releasing pressure developed
in the intake manifold via a turbocharger (not shown).

During normal engine operation, ECM 11 monitors
throttle position from accelerator position sensor assem-
bly 20, coolant temperature via coolant temperature
sensor 76, and manifold boost pressure via pressure
sensor 74 as well as other input signals to determine the
width of meter pulse signals supplied to fuel injectors
61-66. A “fuel map” stored in memory is utilized by
ECM 11 to determine fuel injection quantities required
in view of input signals such as coolant temperature,
boost pressure, and throttle position to produce an ap-
propriate engine speed or power response. Six separate
fueling signals or meter pulse signals are produced by
ECM 11 and supplied to the injectors 61-66 via signal
bus 67. The fueling signals activate fuel injectors 61-66
to supply the desired or appropriate amount of fuel into
the combustion chambers of the engine B. It is desirable
to provide improved economy and responsiveness by
shortening the duration of these signals when necessary,
or to increase the duration of these signals in the present
cycle of the engine rather than waiting for the next or
subsequent combustion stroke of the engine to respond
and make such adjustments. This is the objective of the
software algorithm discussed below and implemented
through the hardware depicted in FIG. 1.

Referring now to FIG. 3, a generalized flow diagram
is shown for calculating fueling requirements for a fuel
injected internal combustion engine. The routine de-
picted in FIG. 3 is repeatedly executed many times a
second, for example every 16 milliseconds. Other tim-
ing intervals may produce adequate results, however in
the present invention 16 milliseconds was selected as a
preferred timing interval for making fueling calcula-
tions. At step 100 ECM 11 determines whether or not it
is time to read or input values from an analog to digital
converter (not shown) based upon a predetermined
software sequencing algorithm. If it is time to process
such inputs, then at step 102 the throttle position signal
from sensor assembly 20, the coolant temperature signal
from sensor 76, the oil pressure signal from sensor 72,
and the boost pressure signal from pressure sensor 74
are digitized and placed into a memory location for use
in calculating fueling requirements. If at step 100 it is
not time to input the information from the sensors re-
garding fuel calculations, the program execution will
continue with step 104. At step 104, the processor tests
whether or not it is time to perform calculations regard-
ing fuel injection quantities. If it is not time to perform
new fuel calculations at step 104, program execution















