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(571 ABSTRACT

An electronic integrated engine and vehicle manage-
ment and control system includes an electronic vehicle
control module and a fuel injection control module, in
communication with each other, which together con-
trol the total vehicle and engine operation functions of
a heavy duty vehicle. A novel fuel injection timing
device is utilized with the control module to allow
precise and sophisticated control of engine timing based
on a number of engine and vehicle operating parameters
as determined by the control modules. Functions such
as engine speed control, vehicle road speed control,
engine protection shutdown, fuel economy, braking
control and diagnostics are performed by the system.

8 Claims, 8 Drawing Sheets
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MOTOR VEHICLE MAGAGEMENT AND
CONTROL SYSTEM INCLUDING SOLENOID
ACTUATED FUEL INJECTION TIMING
CONTROL

BACKGROUND OF THE INVENTION

This invention relates generally to control systems
for motor vehicles, and more particularly to integrated
electronic motor vehicle management and control sys-
tems specifically useful in heavy duty vehicles such as
trucks, in which various engine and vehicle functions
such as engine timing and speed control, road speed
control, vehicle safety functions, fuel exhaust emissions
monitoring, fuel economy and diagnostic and mainte-
nance functions are performed and monitored by an
integrated microprocessor based control module sys-
tem.

In the past, most engine and vehicle control functions
in heavy duty vehicles were performed mechanically in
response to very simple parameters such as engine
speed. The execution of such functions was thus limited
and optimization in terms of fuel economy, engine per-
formance and engine emissions quantities was not possi-
ble. In addition, certain diagnostic and maintenance
functions were left to human performance and thus such
functions were not necessarily performed optimally or
performed in a manner interrelated with the perfor-
mance and parameters of other vehicle functions.

SUMMARY OF THE INVENTION

The present invention provides a management and
control system for a motor vehicle in which engine
speed and timing control and various vehicle functions
such as engine system monitoring, display, diagnostics
and maintenance are controlled by a microprocessor
based electronic control module. The control system is
further provided with programming capability for opti-
mizing control functions with respect to particular vehi-
cle parameters based on the type of vehicle within
which the control system is installed, including such
parameters as engine size and type, tire size and proper-
ties, and carrier ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram of an electronic vehicle and
engine management and control system according to
one embodiment of the present invention;

FIG. 2 is a detailed block diagram of the vehicle
management and control module of FIG. 1;

FIG. 3 is a detailed block diagram of the fuel injec-
tion control module of FIG. 1;

FIG. 4 is a graphical illustration of the calculation of
engine timing according to a method of the present
invention;

FIG. 5 is a circuit diagram of a detection circuit for
detecting the occurrence of data transmission on a serial
data communication line as illustration in FIG. 2;

FIG. 6 is a cross-sectional view of a novel fuel injec-
tion timing device used in conjunction with the control
module of FIG. 2;

FIG. 7 is a flow chart of a cruise control safety algo-
rithm; and

FIG. 8 is a flow chart of an out-of-gear algorithm for
road speed governing.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a block diagram of an electronic control

5 system for a heavy duty vehicle according to one pre-
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ferred embodiment of the present invention. The system
is based on two control modules, a vehicle management
and control module 100 and a fuel injection module 200,
interconnected by a serial data communication line 10
which conforms to standards set by the Society of Au-
tomotive Engineers (S.A.E.). The control modules 100
and 200 are also connected by a general data bus 20
through which data relating to engine speed and fuel
quantity are transmitted. The serial data communication
line 10 is also connectable to an external computer such
as a personal computer or equivalent data processing
device, which allows external programming and modi-
fication of data used in the performance of the various
algorithms by the control modules.

The vehicle management control module 100 has
inputs connected to a plurality of sensors 101 which will
be further described in conjunction with FIG. 2. In
response to the sensor signal inputs, the vehicle manage- .
ment control module 160 produces a fuel injection tim-
ing signal 103, speedometer and tachometer data signals
105, a signal to alert an operator of the vehicle of a fault
condition by activating an audible or visual driver alarm
107, signals driving various fault lamps 109 to indicate a
problem with data received by the control module 100,
and appropriate data through communication lines 10
and 20 to the fuel injection control module 200 to coor-
dinate proper fuel injection.

The fuel injection control module 200 has inputs
connected to various sensors 201 to be described in
further detail with reference to FIG. 3, and outputs a
fuel quantity signal 203, a DYNATARD ® enable sig-
nal 205, and a fuel shut-off enable signal 207. The
DYNATARD @®) system converts the operation of the
engine to an air compressor by opening the exhaust
valves near the end of a compression stroke to increase
engine braking. The DYNATARD ®) system is acti-
vated by a dashboard toggle switch.

The operation of the vehicle management and control
module 100 will be more clearly understood with refer-
ence to FIG. 2. The vehicle management-and control
module 100 is composed of a microprocessor 1001, a
random access memory 1005, and an EPROM 1003, and
an EEPROM 1004. The inputs to the microprocessor
1001 comprise a number of pulse width modulated
(PWM) inputs 1007, a plurality of digital data inputs
1009, and a plurality of analog inputs 1011. The pulse
inputs include a pulse signal from an mph sensor which
is mounted near the vehicle’s transmission output shaft
50 as to provide an electrical pulse each time one of the
teeth of a tone wheel mounted on the transmission out-
put shaft passes the tip of the sensor. The frequency of
the mph sensor output pulses is proportional to the
rotational velocity of the transmission output shaft. The
road speed of the vehicle can thus be calculated by
factoring the number of teeth on the tone wheel, the
gear ratio between the transmission output shaft and the
vehicle axle shaft, and the rolling circumference of the
drive axle tires. These data values can be programmed
into the module memory for each specific type of vehi-
cle in which the system is installed. The timing event
sensor is mounted proximate the fuel injection pump
camshaft of the vehicle engine and generates a pulse
when the fuel injection pump camshaft attains an angu-
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lar position corresponding to port closure or beginning
of fuel injection for a predetermined plunger of the
injection pump. The engine position sensor is mounted
proximate the engine crankshaft and generates a pulse
when the crankshaft attains an angular position related
to top dead center (TDC) of the corresponding piston
of the cylinder to which the plunger is coupled, on its
power stroke. The data line 20 is a pulse width modula-
tion signal line which communicates engine speed and
fuel quantity data to the microprocessor 1001 from the
fuel injection control module 200.

The digital inputs comprise a plurality of switches
including a clutch switch, an engine shutdown override
switch, and speed control switches for cruise control,
engine idle speed, and engine speed control for power
take off (PTO) functions. A coolant level sensor is
mounted within the radiator of the engine and provides
a coolant level signal representing the amount of cool-
ant in the coolant system.

The analog inputs include an oil pressure signal from
an oil pressure sensor mounted within the vehicle
crankcase to measure the oil pressure of the system.

A coolant temperature sensor is also provided in the
coolant system and transmits a serial data signal to the
microprocessor over the SAE data link 10.

The microprocessor also includes a plurality of PWM
outputs 1013 and dc current outputs 1015. The pulse
outputs 1013 include a fuel request signal which is trans-
mitted to the fuel injection control module 200, and
tachometer and speedometer signals which are trans-
mitted to display devices on the vehicle dashboard. The
tachometer signal is also inputted to the fuel injection
control module 200 through the data line 20 to provide
a redundant signal to the fuel injection control module
which is used in the calculation of the amount of fuel to
be injected by the fuel pump.

The current outputs 1015 include outputs to drive a
fault lamp 109 to indicate the presence of a fault in the
control module, a driver alarm 107 which warns the
driver of a problem with the operation of the engine
which requires immediate attention, and a timing actua-
tor signal 103 which is applied to the fuel injection
pump to control the timing of fuel injection into the
cylinders of the engine.

The fuel injection control module 200 is further de-
scribed with reference to FIG. 3. The fuel injection
control module 200 is a commercially available device
obtainable from Robert Bosch, for example. The con-
trol module is a microprocessor based system and in-
cludes basic functional components including a micro-
processor 2001, and random access and read only mem-
ories 2002 and 2003. The microprocessor is connected
via interfaces to the SAE serial data communication
link 10 and the data line 20 to enable communication
with the vehicle management and control module 100
as well as to other various control devices in the vehi-
cle. The control module 200 reads input signals from an
accelerator pedal position sensor 2004, an engine speed
sensor 2005, a coolant temperature sensor 2006, a fuel
rack position sensor 2007, and a torque limiter switch
2008. The accelerator pedal position sensor includes a
potentiometer connected to the accelerator pedal in the
vehicle cab and provides a voltage signal proportional
to the position of the acceleration pedal relative to the
floor of the vehicle cab. The engine speed sensor is
mounted proximate the engine crankshaft and generates
a pulse signal whose frequency is proportional to the
speed of rotation of the engine crankshaft. The coolant
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temperature sensor 2006 provides a digital signal repre-
sentative of engine coolant temperature. The fuel rack
position sensor 2007 provides a voltage signal propor-
tional to the position of the fuel rack of the fuel injection
pump, which relates to the amount of fuel injected dur-
ing each cycle of engine rotation. The torque limiter
switch 2008 is a transmission mounted toggle switch
which is activated by the vehicle operator. In response
to the five input parameters, and supplemental speed.
and fuel quantity data information from the control
module 100, the injection control module 200 deter-
mines the amount of fuel to be supplied by the fuel
injection pump to the engine and generates a fuel rack
actuator drive signal 2009, which is a pulse width modu-
lated signal that controls the position of the fuel rack by
energizing a proportional solenoid. The module 200
produces a signal 2011 which prevents DYNATARD
operation when fuel is being injected into the engine.
The fuel shut-off signal 2010 provides a safety measure
by energizing a solenoid valve to allow fuel to be sup-
plied to the fuel pump. In the case where power is re-
moved from the fuel injection contro! module, the fuel
shut-off signal 2010 will go low to deenergize the sole- .
noid and cut off the flow of fuel.

The various functions of the vehicle management and
control module 100 will now be described. FIG. 4 illus-
trates a timing diagram for determining the engine tim-
ing. Control module 100 receives a timing event sensor
pulse at time T; which indicates the beginning of fuel
injection to a specified cylinder of the engine. At time
T, the engine crankshaft reaches an angular position
equal to top dead center (TDC) of the piston in the
specified cylinder. The engine position sensor is config-
ured to produce a pulse at a crankshaft position related
to the top dead center, which is generally longer than
the interval from port closure to top dead center to
allow a more accurate timing measurement to be taken.
The difference in time AT between the reception of the
timing event sensor pulse and the engine position sensor
pulse represents a measure of angular rotation of the
crankshaft in degrees. Since the time between T and
T3 is known in advance, the calculation of timing in
degrees before top dead center (BTDC) can be calcu-
lated.

Desired engine timing is based on experimental crite-
ria related to the amount of fuel being injected and the
engine speed in rpm. Desired engine timings as a func-
tion of rpm and fuel quantity are stored in a look up
table in the module memory. Once the desired engine
timing is determined in accordance with the engine
speed calculated from the engine position sensor signal
and the fuel quantity from the fuel injection control
module, the microprocessor determines a change in
current for the injection timing actuator signal 103.
Signal 103 is provided to a solenoid of a fuel injection
timing device which will be described later with refer-
ence to FIG. 6. The change in timing is designed to
reduce the difference between the desired engine timing
and the measured engine timing to zero. The new tim-
ing information is communicated to the fuel injection
control module via the SAE serial data communication
link 10.

Control module 100 constantly monitors engine oil
pressure, engine coolant level and coolant temperature
to determine whether the engine is operating within
prescribed parameter limits. Ranges of oil pressure,
coolant level and coolant temperature have been deter-
mined empirically to indicate engine malfunction.















