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o ENGINE CONTROL UNIT
FIELD OF THE INVENTION

The present invention relates to an Engine Control
Unit (ECU) for a gas fuelled internal combustion engine, and

relates particularly, though not exclusively, to an ECU for

a spark ignition gas fuelled engine converted from a

turbocharged diesel engine.

BACKGROUND TQO THE INVENTION

In the prior art, hnaturally aspirated diesel
engines have been converted to operate on a gaseous fuel, for
example natural gas, using carburetted technology. However,

problems have risen with the use of gas carburettors,

particularly when using compressed natural gas (CNG) as a

fuel. Furthermore, the advent of turbocharged diesel engines
has created further difficulties for most engine converters
as the engines are more highly stressed.

The temperature. of natural gas after passing
through the pressure regulators has been measured to be as
low as -40°C when operating with fully charged CNG cylinders.
Gas carburettors deliver fuel on a volume basis rather than
a mass (or heat value) basis, and therefore there is a
tendency fer the carburettors to overfuel.the engine. This
characteristic affects both naturally aspirated and
turbocharged engines with gas carburettors.

Problems also arise due to the design of the intake
manifold and carburettor location which can result in some
cylinders receiving more or less gas than other cylinders.
This causes a tendency for some'cylinders to detonate under
certain load conditions. Attempts to control this by the use
of detonation sensors have not been entirely successful.

A further problem with turbocharged engines is the
inability to control the performance of the turbocha ger
since it 1is essentially a%?"free § egt"g dglié {é §not
controlled directly by the tgﬁottle here%ore it is also

dlfflcult to measure 1ts performance and adjust the fuel: flow
and boost pressure accordlngly
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was developed with a view to overcoming one or more of the
above-noted problems. in the prior art.

SUMMARY OF THE INVENTION

According to one aspect of the present invention
there is provided a method of controlling the operation of a
gas fuelled internal combustion engine, the engine having a
gas injector for injecting gaseous fuel into each cylinder,
the method cemprising the steps of:

detecting the current throttle position of the
engine;

calculating a percent full 1load value for the
engine, based oh said current throttle position; and,

calculating an injeetor ON time for each cylinder
based on said percent full load value'whereby;.in use, the
correct amount of gaseous fuel can be injected into each
cylinder responsive: to the current throttle position to
achieve optimal engine performance.

Typically the method also comprises detecting the
current speed of the engine and employing the current engine
speed in saidxstep of calculating the percent full load

value. Preferably the percent full load value is employed.

‘together with the current engine speed, to calculate a

required manifold'pressure value. The calculated value of
required manifold pressure may then be employed, together
with the percent full load value, in calculating a percent
allowable load value. '

Advantageously the position of a manifold valve in
the engine intake manifold is calculated for controlling
manifold pressure based on said calculated percent full load
value and detected engine speed. Advantageously a pressure
detector is provided for detecting the actual manifold
pressure. If the engine .is a turbocharged engine the

position of a booSt pressure control valve is preferably

. :controlled based on a comparlson of said. calculated value of

the requlred manlfold. pressure w1th the detected actual
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The - tegperature of natural gas after passing through the pressure
regul ators has been neasured to be as low as -40[err]C when operating with
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tendency for the carburettors to overfuel theyengine. This tHé#*%@HéETw\iScBEEN
affects both naturally aspirated and turbocharged engihes WREPIAEED

carburettors. 2manifold presstrébl eppiahidyaboth @zdd addif reh i and OAcEUEL
i nt ake -

manifold pressure are absolute pressure values.
According to another aspect of the present
invention there is provided an engine control unit for
5 controlling the operation of a gas fuelled internal
combustion engine, the engine having a gas injector for
injecting gaseous fuel into each cyiinder, the system
comprising: |
throttle position detector means for detecting the
10 current'throttle position of the engine;
processor means for calculating a percent full load
value for the engine based on said current throttle position,
and for calculating an injector ON time for each cylinder
based on said percent full load value whereby, in use, the
15 correct amount of gaseous fuel can be injected into each
cylinder responsive to the current throttle position to
achieve optimum engine performance.
Typically the system further comprises speed
detector means for detecting the current speed of the engine,
20 and said processor means also employs curfent engine speed to
calculate said percent full 1load value. Preferably said
percent full load value is employed, together with the engine
speed, to calculate a required manifold absolute pressure
value. |
25 Typically the system further comprises gas pressure
and gas temperature detectors for detecting the pressure and
temberature of gaseous fuel delivered to the engine
respectively, ahd said processor means employs the detected

gas pressure and temperature in calculating the injector ON
30 time. '

BRIEF DESCRIPTION OF THE DRAWINGS

In order to facilitate a better understanding of
the nature of the invention a preferred embodiment of the ECU
will now be described, by way of example only, with reference

- 35 'to“the gccompanying drawingsh in_which;
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the ECU of the present invention is applied;

Figure 2 is a flow chart illustrating the operation
of a preferred embodiment of the ECU according to the
invention;

Figure 3 1illustrates graphically the relative
efficiency of a converted diesel engine employing an ECU
according to the invention, compared with the original diesel
engine performance as a function of load and engine speed;

Figure 4 is a three-dimensional chart which
illustrates the variation in Injector On Time (IOT) as
controlled by the preferred embodiment of the ECU according

to the invention;

Figure 5 1is a three-dimensional chart which

illustrates the variation in Manifold vValve (MV) position as

controlled by the ECU;

Figure 6 1is a three-dimensional chart which
illustrates the variation in Manifold Absolute Pressure (MAP)
position és controlled by the ECU;

Figure 7 is a three-dimensional chart which
illustrates the variation in Spark Advance (SA) as controlled
by the ECU; and,

Figure 8 is a graphical representation of a typical
Percent Full Load (PFL) vs. Speed curve for an engine.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

Referring to Figure'l, a spark ignited internal
combustion engine is illustrated diagrammatically at 10. The
engine 10 is capable of operating on a gaseous fuel, and 1is
provided with a gas delivery system 12 for controlling the
delivery of gaseous fuel from a gas reservoir 14, via a gas
delivery line 16 to a fuel inlet 18 of the engine. The gas
delivery'system 12 typically comprises individual solenoid
operated gas injectors (not illustrated) for each cylinder of
the englne Gas dellvery system 12 1s .under, the control of

an- Englne Control Unlt controllev'ZO via control llne 22.
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The gas injectors of the gas delivery system 12 inject gas
seguentially to the engine, each injector delivering gas
during the intake stroke of it‘s respective cylinder. The
Engine Control Unit (ECU) controller 20 delivers a signal via
ignition control line 24 to a spark ignition system 26, which
causes the fuel introduced into the engine, along with air,
to be ignited and hence provide the power stroke of ‘each
cylinder. '

Alr to support combustion is delivered to the
engine 10 through air inlet 28, for example, the inlet
manifold of the engine, wvia air throttle means 30. Air
throttle means 30 may comprise, for example, a manifold valve
which is also under the control of the ECU controller 20 via
manifold valve control line 32, for'controlling the manifold
absolute pressure. It may also be desirable to have some
form of feedback means provided (not illustrated) for the
manifold wvalve to provide a feedback signal to the ECU
controller 20, indicative of an operating position of the
manifold valve.

Air is delivered to inlet 28 via the manifold valve
30 from a turbocharger 34. - Air at ambient pressure is
supplied to the turbocharger 34 through an air delivery line
36 from an air filter 38, which is open to atmosphere.
Turbocharger 34 boosts the pressure of air delivered to the
engine 10 via manifold valve 30, above an ambient pressure.
Sensor 40a senses the air temperature in the boost air
delivery line 42 and provides a feedback signal indicative of
the temperature to the ECU controller 20 via control 1line
44a. Sensor 40b senses the actual manifold air pressure
(MAP) and provides a feedback signal indicative of the MAP to
the ECU controller 20 via control line 44b.

A boost pressure control valve 46 is provided in
the boost air delivery line 42 for controlling the boost
pressure of air delivered to the engine 10. The boost
pressure contrcl valve 46 1is directed to control boost
pressures under the. control of ECU controller 20 .via booet

oreSSure control 11ne 48 The boost pressure control valve
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46 is typically provided with feedback means for prov1d1ng a
feedback signal to the ECU controller 20, indicative of an
operating condition of the boost pressure control valve 46.

In this embodiment, the primary inputs to the ECU
controller 20 are engine speed énd throttle position. Engine
speed is detected by'a éensor 50 which generates a signal
indicative of the engine speed on input line 52 to the ECU

controller 20. Sensor 50 is typically an inductive (magnet

and coil) sensor positioned adjacent to the ring gear teeth
of the fly wheel of the engine 10. The sensor produces a
sinusoidal wave form having voltage and frequency
characteristics that vary with the engine speed. The actual
engine speed is calculated by ECU controller 20 by measuring
the time between a fixed number of peaks and troughs in the
wave form.

Throttle position is measured by a throttle
position sensor 54 which provides an electrical signal
indicative of the throttle position on input line 56 to the
ECU controller 20. The throttle position sensor 54 in this
embodiment comprises a potentibmeter *geometrically” coupled
to the throttle/accelerator pedal linkage. Typically, 0.0
Volts equates to zero position, whilst 5.0 Volts equates to
maximum throttle position. .

In the illustrated embodiment the engine 10 is a
six cylinder engine provided with thrée ignition coils (three
coil pack, " in which each coil fires two plugs
simultaneously). A timing pulse is generéted by a timing or
engine phase sensor 58 mounted on the engine every second
revolution of the engine. Fly wheel teeth signals from the
engine speed sensor 50 are modified by a phase locked loop
circuit which multiplies the signal frequency by twelve. In
this way two revolutions of the engine can always be divided
up into six intervals of egual angular displacement. Since
the actual physical location of the timing sensor 58 is

known, it is possible to nominate ignition timings in the

.standard units of ° Crank Angle Before Top Dead Centre. In

this embodiment the ECU controller 20 also uses the 1/12 of
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‘cal culating a percent full load value for the engine, based on said
current throttle position; and, calculating an injector ON tine for each
cyl i nderWw@¥4/13%46ased on said percent full |oad val ue where
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current speed of tfhEeywhgébe aodtknpimyéngal he(apprenimargiyne 0.2°) as the
' increment by which spark advance may be varied.

The- ECU controller 20 typically comprises a
microprocessor based Contrql system, having analogue to
5 digital converters (ADCl for converting the analogue signals
from sensors 40a,-40b, 50 and 54, as well as the feedback
signal from the boost pressure control valve 46, into a
digital format. Digital_signals are employed to provide
suitable control signals for controlling the manifold valve
10 position, boost pressuré control valve position and the
operation of the gas delivery system 12 and spark ignition
system 26. ECU controller 20 also comprises suitable read
only memory (ROM) devices for storing look-up tables of
engine operating parameters, employed by the ECU controller
15 20 to achieve optimum engine performance. The programmable
nature of the ECU controller 20 means that it can be readily
modified to suit different engines, and provides complete
freedom in setting engine performance characteristics. As
the engine is fully unde: the control of the Engine Control
20 Unit responsive to engine speed and throttle position as set
by the driver (aséuming the engine is a vehicle engine), the
vehicle can effectively be under “drive-by-wire" control.
A method of controllihg the operation of the gas
fuelled internal combustion engine 10, employing the Engine
25 Control Unit described above, will now be described in detail
with reference to Figure 2.
On the left hand side of the flow chart of Figure
2 each of the engine operating parameters detected by the
Engine Control Unit ‘described above are listed, namely,.
30 engine speed 60, throttle position 62, manifold absolute
pressure (MAP) 64, gas pressure 66, gas temperature 68,
battery voltage 70, alr temperature 72, engine phase 74 and
boost pressure control valve {(BPCV) feed back position 76.
Each of these parameters is provided as an input in the form
of an electrical signal to the ECU controller 20 of Figure 1,
for controlllng the operation of the .gas fuelled internal
combustlon englne 10. ECU controller 20 typlcally employs

w
wn
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mani fol d i s cal chleatd@etdoted onhgbhei speed 60 and throttle position 62 to
calculate a percentage full load (PFL) value for thé engine.
PFL is a non-dimensional measure of the load or torque
produced by or required from the engine. It is generally
5 directly proportional to throttle position, except in the
governing regions of the load/speed envelope, where speed is
controlled (see Figure 8). PFL, effectively indicates the
value of the load required from the engine as a percentage of
the full load for a particular engine speed. It provides a
10 ‘'way of determining the load required from or produced by the
engine without having to measure or calculate the actual
load, which is difficult in an on-road situation. Since PFL
is non-dimensional, the absolute load value is not required
and therefore the system can be applied to any engine. PFL

15 is calculated as follows: ' '

If throttle = 0%, and speed is < N;, then PFL = K (N;-N),
‘ if speed is > N;, then PFL = 0

. N.max -N
If throttle is >0%, PFL=least of x 100% & throttle %
20 ' Npax ~ N,
Where N = engine speed
N; = engine idle speed
N, = maximum engine speed in governing region
N, = maximum power engine speed
25 K = idle governing slope
PFL may also be adjusted to reduce engine output if
the air inlet temperature goes too high, for example, due to
a blocked intercooler (a heat rejection device located
between the turbocharger air outlet and the intake manifold).
30 PFL may be reduced, for example, as follows:
Air Temp. 30°C 40°C 50°C___60°C 70°C 80°C _90°C
Max Allowable
PFL 100 100 - 97 94 90 86 82
L The calculated PFL value 78 can then be employed by
uﬁSBﬁiﬁﬂﬁﬁai
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the ECU controller 20 to calculate the injector On time (IOT)
for each gas injector in the gas delivery system 12. IOT is
looked up in a look-up table stored in ECU controller 20, as
a function of engine speed and load (PFL). IOT is determined
empirically across the full range of engine speeds and PFL by
testing the engine in a test bed to produce the desired
output across the speed-load (PFL) envelope. The values for
IOT are then stored in a ROM in the form of a look-up table.
Figure 4 is a three dimensional representation of the typical
variation in IOT across the speed-load envelope of the engine
of the described embodiment.

ECU controller 20 also adjusts the timing of
injector ON time (IOT) as the engine speed increases, ie.,
the centre line of injection angle (IOT converted to angle)
is advanced as engine speed rises. This adjustment is made
to take into consideration the nominal opening time (ie., in
which no gas flows) .of the injector and the transport time to
get gas from the injector to the inlet port. Again 1/12 of
a flywheel tooth is used by the ECU controller as the
increment by which the centre line of injection angle 1is
varied.

The detected current engine speed 60 and the PFL
calculation 78 may also be employed to calculate the manifold
valve (MV) position of the intake manifold wvalve 30 of the
engine. MV is also established during engine testing across
the speed-load envelope; and the values stored in a ROM in.
the form of a look-up table. Figure 5 illustrates in three
dimensional form the variation of MV across the speed-load
envelope of the engine 10. MV is looked up by ECU controller
20 as a function of engine speed and PFL. ‘PFL is used since
it ensures the manifold valve is opened as early as possible
during transients, which demand high loads. 1If some form of
feedback means is provided in connection with the manifold
valve, to provide a feedback signal to the ECU controller,
the position of the manifold valve can be even more
accurately controlled ) Such feedback means. may 1nclude for

example, a p051tlon sensor connected to the manlfold valve.'
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or the actual MAP may be employed to prov1de an 1nd1cat10n to
the ECU controller of the position of the manifold valve.
This would avoid the need to establish the position of .
manifold valve at start-up by moving the valve to its fully
5 open and fully closed position. '

The current engine speed 60 and PFL calculation 78
may also be employed by ECU controller 20 to calculate the
required manifold absolute pressure (MAP) in the intake

manifold of the engine 10. The required MAP is determined

10 empirically by experimentation/design as a function of engine
speed and PFL, to enable sufficient engine output to be
achieved. For high engine output/torque a high MAP is

required, conversely for low engine output a low MAP is
required. The fequired MAP values are also stored in a ROM
15 in the form of a look-up table, which is referenced by ECU
controller 20 to calculate the required MAP based on detected
current engine speed 60 and calculated PFL 78. Figure 6
illustrates in three dimensional form the variation in
required MAP across the speed-load envelope of the engine 10.
20 If the engine 10 is turbocharged, as in the above
described embodiment, the regquired MAP 82 is compared with
the actual MAP 64, and after'allowing for an offset to allow
for zero load MAP, a percent allowable load (PAL) is
calculated at 84. PAL 1is reguired in the case of
25 turbocharged engines to prevent excess fﬁelling, as would
occur if the gas delivery was only controlled by PFL. During
transients some lag occurs as the engine accelerates, since
the turbocharger requires some'time to accelerate to the new

operating state and to develop the required MAP/boost
30 ~ pressure. PAL is calculated as follows:

actual MAP - minimum MAP
PAL = ' x PFL

required MAP - minimum MAP

wherein minimum MAP = representative value of MAP at PFL=0,

35 and the term in brackets is clipped to be < 1. 00
SR Typlcally, the calculated PAL 84 is used together .
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wher éby, in use,witle the current engine speed 60 to look up the IOT from the

IOT look-up table, rather than the calculated PFL .78
directly.

If the actual MAP exceeds atmospheric pressure and
5 is higher than the required MAP, the boost pressure control
valve (BPCV) is actuated to control the pressure, ie., the
BPCV is opened to lower the boost pressure. Conversely, the
BPCV 1is closed if the actual MAP is less than the desired
MAP. - The BPCV feedback Signal 76 is employed by the ECU
10 controller 20 to check correct BPCV operation. The actual
position of the BPCV is not used in a control sense, but is
used to check that the valve has moved a discreet amount when.
commanded to move by ECU controller 20. If not, a fault is
registered which indicates that the BPCV requires checking

15 and/or servicing.

I0T is calculated at 80 using the detected current
engine speed 60 and the. calculated PAL 84 for reference
conditions of air temperature (AT) 72, gas pressure (GP) 66,
gas temperature (GT) 68 and battery voltage (BV) 70. If the

20 detected values of these operating parameters differ from the
reference settings, corrective action is instigated by ECU
controller 20 to alter the IOT and hence the amount of gas
otherwise delivered to the engine. In particular, if the air
temperature rises above it‘'s reference set point, the mass of

25 gas injected into the engine is reduced by 0.5% for each 3°C
rise above the reference temperature (eg. 298°K). To cater
for variations in gas pressure and temperature which effect
gas density and sonic velocity in the orifice of a gas

injector, the following correction is applied to the

30 effective injector on time:
GP, GT JGT, (1- AT,)
IOTE = IOTE; x X X _x 11 - AT -
GP GT, VT 2
where,
-35.. -IOTE, =-injectop"ON,timeueffective.referenpe

= IOT - .injector opening time at reference battery voltage.
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GTe
AT,

reference gas temperature

reference air temperature, and AT 2 AT,.

GT, is typically set at 15°C, which coincides with
gas industry standards for the measurement of gaseous fuel
properties. It is also in approximately the middle of the
range for meaéurement of the actual gas temperatures. GP,
depends on the gas injectors employed, and the trade-off
between having a low gas pressure but long ON time and a
higher gas pressure with shorter ON time. GP; is typically
in the range of 700 to 800 kPa Gauge. A gas injector takes
a discrete interval of time to open, depending on the
available battery voltage (BV) and the gas pressure (GP).
The IOTE, is therefore indicative of the "flowing" time the
gas injector experiences and is therefore the IOT value that
adjustments are made to for Qas pressure and temperature
variations to obtain the effective injector ON time (IOTE).

The detected current engine speed 60 and calculated
PAL 84 are also employed by ECU controller 20 to calculate
the spark advance (SA) 88 for the reference air temperature
72. SA is also calculated by reference to a look-up table
stored in ECU controller 20. Figure 7 illustrates in three
dimensional form the variation in SA across the speed-load
envelope. In each of Figures 4, 5, 6 and 7 all the values
indicated are non-dimensional digital values used by the
software resident in the ECU controller 20, with the
exception of engine spéed which is in units of RPM. SA is
also determined by testing the particular engine for which
the Engine Control Unit is designed. SA is required due to
the small delay (order 2 milliseconds) which occurs before
combustion starts after the initiation of a spark. This
delay varies with changes in air temperature 72 and gas/air
ratio. The higher the air temperature, the less delay and
conversely for 1lower air temperatures. Therefore, an
_adjustment 1s made to the value of SA derived from the look-

up table based on the detected air temperature 74.' An engine
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In order to facilitate a better understandi ng of X '
phase marker 74 (or timing signal) is used as the datum for

setting SA. The engine phase marker 74 is also employed to
set the timing for the correct sequencing 80 of the gas -
injectors. | '

5 Now that the operation of the preferred embodiment
of the Engine Control Unit accofding to the invention has
been described in detail, it will be apparent that the system
has significant advantages over prior art systems for
controlling the operation of gas fuelled internal combustion

10 engines. In particular, by employing gas injectors and
accurately calculating the injector ON time the correct
amount of gaseous fuel can be injected into each cylinder to
achieve optimum engine performance under the full range of
engine'speed and load conditions. Thus overfuelling can be

15 avoided and significant fuel economies achieﬁed. Figure 3
illustrates graphically the relative efficiency of a
converted .diesel engine employing an Engine Control Unit
according to the invention, compared with the original diesel
engine performance as a function of engine load and speed.

20 From Figure 3 it can be seen that the converted engine
achieves better than 80% relative efficiency over most of the
speed-load envelope, and greater than 90% relative efficiency

at engine loads below 300Nm. .

Numerous variations and modifications will suggest

25 themselves to persons skilled in the mechanical engineering
arts, 1in addition to those already described, without
departing from the basic inventive concepts. For example,

the Engine Control Unit according'to the invention is also
applicable to a gas fuelled internal combustion engine which
30 is not turbocharged. The system and method according to the
invention are also applicable with suitable modifications to
dual fuelled engines. All such variations and modifications
are to be considered within the scope of the present
invention, the nature of which is to be determined from the

35 foregoing description and the appended claims.
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the nature of the invention a preferred enbodi nent of the ECU will now be ’
descri bed. by way of exanple only, with reference 35 to the acconpanyi ng
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLEOWS:

1. A method of controlling the operation of a gas
fuelled internal combustion engine, the'engine having a gas
injector for injecting gaseous fuel into each cylinder, the
méthod comprising the steps of:

detecting the current throttle position of the
engine;

calculating a percent full load value for the
engine, based on said current throttle position; and,

calculating an injector ON time for each cylinder
based on said percent full load value whereby, in use, the
correct amount of gaseous fuel can be injected into each
cylinder responsive to the current throttle position to

achieve optimal engine performance.

2. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 1,
further comprising the step of detecting the current speed of
the engine and employing the current engine speed in said
step of calculating the percent. full load value.

3. A method of Controllinqﬁthe operation of a gas
fuelled internal combustion engine as claimed in claim 2,

wherein the percent full load (PFL) value for the engine is
calculated as follows:

If throttle = 0%, and speed is < N;, then PFL = K (N;-N),
if speed is > N;, then PFL = 0.

If throttle is >0%, PFL=least of Mhos 7N X 100% & throttle %
Npax - N
Where N = engine speed
N, = engine idle speed
Noa s = maximum engine speed in governing region
N, = maxXimum power engine speed

=
n

.idle governing slope -

I

|
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appl i ed;
preferred

Figufe 1 is a function ggé)h qga ramof a gas fuelled internal combustion
engine to which an enbociu of the present invention is
WOAHIE%46 s o f 1’ strating the operation ECT/AQ93/00649
enbodi nent o

illustrates graphically the relative efficiengy of a conve
engi ne enpl oying an ECU according to the invention, conpar

original diesel

10

15

20

25

30

T ok Eiﬁs?BEEN
i ERRROED ]

ording to the invej OT]
r

| Basomummmeeam

4. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 3,
wherein the percent full load value is employed, together

with the current engine speed, to calculate a required
manifold absolute pressure value.

S. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 4,
further comprising the step of calculating a percent
allowable load (PAL) value based on the calculated values of
the required manifold absolute pressure (MAP) and the PFL.

6. _ A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 5,
wherein the percent allowable load (PAL) value for the engine
is calculated as follows:

actual MAP - minimum MAP
PAL = X PFL

reguired MAP - minimum MAP

wherein minimum MAP = representative value of MAP at PFL = O,
and the term in brackets is clipped to be < 1.00.

7. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 6, the
injector ON time (IOT). is calculated using the calculated
value of PAL and the current engine speed.

8. - A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in any one of
claims 1 to 7, wherein the injector ON time (IOT) is
corrected for variations from reference conditions of air
temperature (AT), gas pressure (GP), gas temperature (GT) and
battery voltage (BV) to obtain an effective injector ON time
(IOTE) as follows: '

GP, GT JGT, (1- AT,)
IOTE = IOTE; X X X x]1 - AT
&P - 6T, e 2

T
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| nj ect or V8 93713946 (IOT)
ECU according to the in
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(MV) position as controlled by the ECU; Figure 6 is

chart

engi ne performance as a function of load and engine speed; Figure 4 '

t hr ee- di nensi ondis SHeftMas BeekRigidded | | UStrates the variation -in

whi ch

10

15

20

25

30

»ﬁ',ﬂr by the preferred enbRTAUI/AN64% he

Flgure
rates téde variati gnryg JABETFRASBEEN
t hr gePURGERS|

where, _
IOTE, = injector ON time effective reference

= IOT - injector .opening time at reference battery voltage.

GP; = reference gas pressure

GT, = reference gas temperature

AT, = reference air temperature, and AT 2 AT,

9. A method of contrelling the operation of a gas

fuelled internal combustion engine as claimed in claim 4,
wherein the position of a manifold valve in the engine intake
manifold is calculated for controlling manifold pressure
based on said calculated percent full lcad value and detected
engine speed, and wherein a pressure detector is provided for
detecting the actuél manifold absolute pressure.

10. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 9,
wherein if the engine is a turbocharged engine the position
of a boost pressure control valve is preferably controlled
based on a comparison of said calculated value of the

required manifold absolute pfessure with the detected actual
manifold absolute pressure.

11. An engiﬁé control unit for controlling the

_operation of a gas fuelled internal combustion engine, the

engine having a gas injector for injecting gaseous fuel into
each cylinder, the system comprising: _

throttle position detector means for detecting the
current throttle'position of the engine; _

processor means for calculating a percent full load
value for the engine based on said current throttle position,
and for calculating an injector ON time for each cylinder
based on said percent full load value whereby, in use, the

correct amount of gaseous fuel can be injected into each

Ccylinder respon51ve to the current throttle p051t10n to;-

achieve optimum engine performance

(T




il kuStrates the variati OHs3heet sol ute Pressure (MAP) 20  position
as contr ol ? Eﬁ he ECU, I # t hr ee- di nensi onal chart mhrch
illustrates %e variatio nce (SA) as control-,ﬁ e

and, Figure 8 is a graphical represent ation of a cypical
Load (PFL) vs. Speed curve for an engi ne. DEPA L-ED DESCRI R

eferring to Figure 1, a spark ignited internal
ENBO:‘)I VENT R {ig )9 engine c?ontrolg unit as claimed in clalm 11,

further comprising speed detector means for detecting the
current speed of the engine, and said processor means also

employs current engine speed to calculate said percent full
5 load value.

13. An engine control unit as claimed in claim 12,
wherein said processor means further comprises means for
calculating a required manifold absolute pressure value based
on said percent full load value and the current engine speed.

10 14. An engine control unit as. claimed in claim 13,
further comprising pressure sensing means for sensing the
actual manifold absolute pressure of air delivered to the
engine, and providing a feedback signal to the processor

means indicative of the actual manifold absolute pressure.

‘15 15. An engine control unit as claimed in claim 14,
further comprising a boost pressure control valve for
controlling the boost pressure of air delivered to the
engine, if the engine is turbocharged, responsive to a
control signal from the processor means, said control signal

20 being generated based on a comparison of the calculated
required manifold absolute pressure and the sensed actual

manifold absolute pressure.

l6. An engine control unit as claimed in claim 15,
wherein said processor means. further comprises means for

25 calculating a percent allowable load (PAL) value based on the
calculated values of the required manifold absolute pressure
(MAP) and the PFL.

17. An engine control unit as claimed in claim 16,

wherein said means for calculatlng the PAL value for the
30 engine employs the following formula:

HIIIIII IIIIII IIIII IIIII II IIII




combustion engine is illustrated diagrammtically-at 10. The engine 10 is '
capabl e of operating on a gaseous fuel, and is 30 provi ded vmth a gas

delivery NQO%4HMS for controlling the delivery of gaseous fuBfT ’l‘r"é#ﬂ%f‘
reservoir 14. via a gas delivery line 16 to a fuel inlet 18 of
The gas delivery system 12 typically conprised8individual \[SolL@neHEET

gas injectors (not illustrated) for each cylinder uf 35 he emngPhé»._E?_g_‘@s:—_.-.-
delivery system 12 is uhdé&ctuyfel dBR romigrimm M ng Contr =
controller 20 vi &Akont r{iel—-ine—22- X PFL

reguired MAP - minimum MAP _
wherein minimum MAP = representative value of MAP at PFL = 0, |
5 and the term in brackets is clipped to be £ 1.00.
18. An engine control unit as claimed in claim 17,
wherein the processor means calculates the injector ON time
(IOT) using the calculated values of PAL and the current
engine speed.

10 19. An engine control unit as claimed in claim 18,
further comprising gas pressure and gas temperature detectors
for detecting the pressure and temperature of gaseous fuel
delivered to the engine respectively, and said processor
means employs the detected gas pressure and temperature in

15 calculating the injector ON time. !

—_—
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ABSTRACT

An engine control unit (ECU) is described in which
each of the following engine operating parameters are
detected: engine speed (60), throttle position (62),
manifold absolute pressure (MAP) (64), gas pressure (66), gas
temperature (68), battery voltage (70), air temperature (72),
engine phase (74) and . boost pressure control wvalve (BPCV)
feedback position (76). Each of these parameters is provided
as an input in the form of an electrical signal to the ECU
controller (20), for controlling the operation of a gas
fuelled internal combustion engine (10). ECU controller (20)
typically employs the detected engine speed (60) and throttle
position (62) to calculate a percentage full load (PFL) value
for the engine. PFL is a non-dimensional measure of the load
or torque produced by or required from the engine. The
calculated PFL value (78) can then be employed.by’ the ECU
controller (20) to calculate the injector ON time (IOT) (80)
for each gas injector in a gas delivery system for the engine
(10). Typically the PFL (78) value is employed together with
the engine speed (60) to calculate a required manifold
absolute pressure (MAP) value (82). The calculated value of
required MAP (82) may then be employed, together with the PFL
value (78), to calculate a percent allowable load (PAL? value

. (84). The PAL value (84) is then employed by the ECU

controller (20) to calculate the IOT (80) and spark advance
(88) for the engine. - By employing gas injectors and
accurately calculating the IOT the ECU (20) can control the
correct amount of gaseous fuel to be injected into each
cylinder to achieve optimum engine performance under the full
range of engine speed and load conditions.
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“sequentially to the engine, each injector delivering gas during the intake

stroke of it's respective cylinder. The Engine Control Unit ﬁ(»}'é(CUQJ
cont rol I¥Q 99®3%4€| i vers a signal via 5 i gnition control AYR100649,

T'J.E

spark ignition system 26, which causes”?he fuel introduce u theen TEN '
along with air, to be ignited and hence provide the power EtT “é?fﬁ g%@ '
cylinder. Air to support conbustion is delivered to the

through air inlet 28, for exanple, the inlet
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mami fol d of the engine, via air throttle neans 30. Air throttle nmeans 30
may corrp%%emn{]g exanple, a manifold valve which is also under the control
of the ECU controller 20 via manifold valve control Iine 32, PCEAU93/00649

controlling the manifold 15 absol ute/ressure. It may be=gestrrante |
to have sone form of feedback neans provided (not ill ustratlpdHi® SHEEREAS BEEN

_ .

mani fol d val ve to provide a feedback signal to the ECU cont|f ol | eRERLACED
i ndi cative of gperating pogitigg|of the manifold val ve.
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200 . Air is delivered to inlet 28 via the manifold valve 30 from
a turbocharger 34. Air at anbient pressure is supplied to the
t ur bochAVQEA1346t hr ough an air delivery line 36 froman ai r P¢T/ALE}/00649

which is open to atnosphere. Turbocharygr 34 boosts the p%f}ég%.éérﬁASBEEN
ove a
1__ai

delivered to the 25 engine 10 via manifold valve 30, a E@q‘ﬂ'cgnt
pressure. Sensor 40a senses the air tenpérature in the bo g

line 42 and provides a feedback signal indicative of the|ltenperpture_tg the
ECU controller 20 via control line S
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(MAP) and

f eedback signal indicative of the MAP to the ECU controller 20
Bp'safiy
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to the throttle/accel erator pedal |inkage. Typically, 0.0 Volts equates to
zero posi WQM84/13a5| st 5.0 Volts equates to maxinumthrottle position. In
the illustrated enbodi nent the engine 108/1'83 a 25 six cyli nCRIT/AUSB/6V849
provided with three ignition coils three coil = pack, in which each
coi | fires t wo pl ugs sinmul taneously). A timng pul se d
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a timng or engi ne phase sensor 58 nounted on the engine e
revolution of the engine. Fly wheel teeth signals fromthe| REPLACED I
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30 engl ne speed sensor 50 are nodifi & I Of ci 'gLB{;ﬁ_..y;w_y_‘
which nultiplies the signal frequency By twej weppPRNSUdI s ygtwo ﬁ? L dﬁ
revol wooasdsaé t he engi ne can al ways baj oewided - up it 0 g-_nmggmugugs of

equal angul ar di spl acenent. Since the Nysi cal

Iocatlon of the
timng sensor 58 is 35, known, it is po§5|_bl e to nom ag-@lu g—nms BEEN4\
i m OpR e

timngs in the standard units of [err] Crank Angl e Befonle Ep@ﬂcéantr
In this enbodi nent the ECU contr gi:eke2Bofiri8r, UsRE Tt he 1i2—et

FIELD OF THE INVENTION

The present invention relates to an Engine Control
Unit (ECU) for a gas fuelled internal combustion engine, and
5 relates particularly, though not exclusively, to an ECU for

a spark ignition gas fuelled engine converted from a
turbocharged diesel engine.

BACKGROUND_ TO THE INVENTION

In the prior art, naturally aspirated diesel
10 engines have been converted to operate on a gaseous fuel, for
"exémple natural gas, using carburetted technology. However,
problems have risen with the use of gas carburettors,
particularly when using compressed natural gas (CNG) as a
fuel. Furthermore, the advent of turbocharged diesel engines
15 has_created further difficulties for most engine converters

as the engines are more highly stressed.

The temperature of natural gas after passing
through the pressure regulators has been measured to be as
low as -4WT:when operating with fully charged CNG cylinders.
Gas carburettors deliver fuel on a volume basis rather than
a mass (or heat wvalue) basis, and therefore there is a
tendency for the carburettors to overfuel the engine. This
characteristic affects both naturally aspirated and
turbocharged engines with gas carburettors.

20

25 Problems also arise due to the design of the intake

manifold and carburettor location which can result in some
cylinders receiving more or less gas than other cylinders.
This causes a tendency for some cylinders to detonate under
certain load conditions. Attempts to control this by the use

30 of detonation sensors have not been entirely successful.

A further problem with turbocharged engines is the

-+« inability to control the’ performance of the turbocharger
since it is essentlally ¥ "free agent"” which 1is not
"controlled directly by the tnrottle Therefore it is aiso

.35 dlfflcult to measure its performance ‘and adjust the fuel: flow
and boost pressure accordlngly -

- This Sheet Has Been Reﬂ
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The Engine Control Unit of the p

was developed with a view to overcoming one or more of the
above-noted problems in the prior art.

SUMMARY OF THE INVENTION

5 According to one aspect of the present invention
there is provided a method of controlling the operation of a
gas fuelled internal combustion engine, the engine having a
gas injector for injecting gaseous fuel into each cylinder,
the method comprising the steps of:

10

detecting the current throttle position of the
engine;

calculating a percent full 1load wvalue for the
engine, based on said current throttle position; and,

calculating an injector ON time for each cylinder
15 based on said percent full load value'whereby,'in use, the
correct amount of gaseous fuel can be injected into each
cylinder responsive to the current throttle position to
achieve optimal engine performance.

Typlcally the method also comprises detectlng the
current speed of the engine and employing the current engine
speed in said~step of calculating the percent full load
value. Preferably the percent full load value is employed,
together with the current engine . speed, to calculate a
required manifold pressure value. The calculated value of
25 required manifold pressure may then be employed, together

with the percent full load value, in calculating a percent
allowable load value.

Advantageously the position of a manifold valve in

the engine intake manifold is calculated for controlling

30 manifold pressure based on said calculated percent full load

value and detected engine speed. Advantageously a pressure

-+ detector is provided for detecting the actual manifold

é; o pressure. a If the endine 'is a turbocharged engine the

position of a boost pressure control valve is preferably

35 . _controlled based on a comparlson of said. calculated value of

the requlred manlfold pressure w:.th the detected ac:ual
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from sensors 40a, 40b, 50 and 54, asl| ﬁLgﬁEwﬁMWSﬁéﬂb k signal fromthe
boost pressure control valve 46, intQ a dlgg &) Di gital S|gnals
arewopkaysd to provide suitable confjirghssi.gnal.s..i.or.. 60 U9

mani fol d val ve 10 position, boost'-pressure=conrtT v 1Ol
the operation of the gas delivery system 12 and spark ig*fpﬁg% &é%@ g@@
ECU controller 20 al so conprises suitable read only nenot

for storingahq@is1eP g BASE A APebthNBaRE WS ea HHY OYed, by the
ECU Contrth%&fold pressure are absolute pressure values.
According to another aspect of the present
invention there is provided an engine control unit for
5 controlling the operation of a gas fuelled internal
combustion engine, the engine having a gas injector for
injecting gaseous fuel into each cylinder, the system
comprising:
throttle position detector means for detecting the
10 current throttle position of the engine; .
processor means for calculating a percent full load
value for the engine based on said current throttle position,
and for calculating an injector ON time for each cylinder
based on said percent full load value whereby, in use, the
15 correct amount of gaseous fuel can be injected into each
cylinder responsive to the current throttle position to
achieve optimum engine performance.
Typically the system further comprises speed
detector means for detecting the current speed of the engine,
20 and said processor means also employs current engine speed to
calculate said percent full load value. Preferably said
percent full 1o£d value is employed, together with the engine

speed, to calculate a required manifold absolute pressure
value.

25 Typically the system further comprises gas pressure

and gas temperature detectors for detecting the pressure and
temperature of gaseous fuel delivered to the engine
respectively, and said processor means employs the detected

gas pressure and temperature in calculating the injector ON
30 time. '

BRIEF DESCRIPTION OF TH§7DRAWINGS‘

In order to facilitate a better understanding of
the nature of the invention a preferred embodiment of the ECU
will now be described, by way of example only, with reference

35 to the accompanying drawings. in. which:
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interna ombu%tlon engine to which an embodiment of

the ECU of the present invention is applied;

Figure 2 is a flow chart illustrating the operation
of a preferred embodiment of the ECU according to the
invention;

Figure 3 1illustrates graphically the relative
efficiency of a converted diesel engine employing an ECU
according to the invention, compared with the original diesel
engine performance as a function of load and engine speed;

Figure 4 1is a three-dimensional chart which
as

controlled by the preferred embodiment of the ECU according
to the invention;

illustrates the variation in Injector On Time (IOT)

Figure 5 1is a three-dimensional chart which

illustrates the variation in Manifold valve (MV) position as

controlled by the ECU;

Figure 6 1is a three-dimensional chart which
illustrates the variation in Manifold Absolute Pressure (MAP)
position as controlled by the ECU;

Figure 7 1is a three-dimensional chart which
illustrates the variation in Spark Advance (SA) as controlled
by the ECU; and,

Figure 8 is a graphical representation of a typical
Percent Full Load (PFL) vs. Speed curve for an engine.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

Referring to Figure 1, a spark ignited internal
combustion engine is illustrated diagrammatically at 10. The
engine 10 is capable of operating on a gaseous fuel, and is
provided with a gas delivery system 12 for controlling the
delivery of gaseous fuel from a gas reservéir 14, via a gas
delivery line 16 to a fuel inlet 18 of the engine. The gas
delivery system 12 typically comprises individual solenoid
operated gas injectors (not illustrated) for each cylinder of
the engine. Gas dellvery system 12 is under the control of
an- Englne Control Unlt controller 20 via control 11ne 22.
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sequentially to the engine, each injector delivering gas
during the intake stroke of it‘'s respective cylinder. The
Engine Control Unit (ECU) controller 20 delivers a signal via
ignition control line 24 to a spark ignition system 26, which
causes the fuel introduced into the engine, along with air,
to be ignited and hence provide the power stroke of each
cylinder. )
Air to support combustion is delivered to the
engine 10 through air inlet 28, for ‘example, the inlet
manifold of the engine, via air throttle means 30. Air
throttle means 30 may comprise} for example, a manifold valve
which is also under the control of the ECU controller 20 via
manifold valve control line 32, for controlling the manifold

absolute pressure. It may also be desirable to have some

form of feedback means provided (nét illustrated) for the

. manifold valve to provide a feedback signal to the ECU

controller 20, indicative of an operating position of the
manifold valve.

Air is delivered to inlet 28 via the manifold valve
30 from a turbocharger 34. Air at ambient pressure is
supplied to the turbocharger 34 through an air delivery line
36 from an. air filter 38, which is open to atmosphere.
Turbocharger 34 boosts the pressure of air delivered to the
engine 10 via manifeld valve 30, above an ambient pressure.
Sensor 40a senses the air temperature in the boost air
delivery line 42 and provides a feedback signal indicative of
the temperature to the ECU controller 20 via control line
44a. Sensor 40b senses the actual manifold air pressure
(MAP) and provides a feedback signal indicative of the MAP to
the ECU controller 20 via control line 44b.

A boost pressure control valve 46 is provided in
the boost air delivery line 42 for controlling the boost
pressure of air delivered ‘to the engine 10. The boost
pressure contrel valve 46 is Qdirected to control boost
pressures under the. control.of ECU controller 20 .via boost

Dressure control line 48 The boost pressure control valve
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46 is typically provided with feedback means %cm’ﬁ%gsiézag a
feedback signal to the ECU controller 20, indicative of an

operating condition of the boost pressure control valve 46.

In this embodiment, the primary inputs to the ECU

5 controller 20 are engine_speed and throttle position. Engine
speed is detected by'a sensor 50 which generates a signal
indicative of thg engine speed on inbut line 52 to the ECU
controller 20. Sensor 50 is typically an inductive (magnet

and coil) sensor positioned adjacent to the ring gear teeth

10 of the fly wheel of the engine 10. The sensor produces a
sinusoidal wave form having voltage and
characteristics that vary with the engine speed.

frequency

The actual
engine speed is calculated by ECU controller 20 by measuring

the time between a fixed number of peaks and troughs in the
15 wave form.

Throttle position is measured by a throttle

position sensor 54 which provides an electrical signal

indicative of the throttle position on input line 56 to the

ECU controller 20. The throttle position sensor 54 in this

- 20 embodiment comprises a potentiometer "geometrically® coupled

to the throttle/accelerator pedal linkage. Typically, 0.0

Volts equates to zero position, whilst 5.0 Volts equates to
maximum throttle position. - |

In the illustrated embodiment the engine 10 is a

six cylinder engine provided with three ignition coils (three

coil pack, in which each coil fires two

25

plugs
simultaneously). A timing pulse is generéted by a timing or
engine phase sensor 58 mounted on the engine every second
revolution of the engine. Fly wheel teeth signals from the
engine speed sensor 50 are modified by a phase locked loop
circuit which multiplies the signal frequency by twelve. 1In

30

this way two revolutions of the engine can always be divided

up into six intervals of equal angular displacement. Since

the actual physical location of the timing sensor 58 is
35 known, it is possible to nominate ignition timings in the
.standard units of ° Crank Angle Before Top Dead Centre. In

this embodlment the ECU controller 20 also uses the 1/12 o&
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a flywheel tooth interval (approximately 0.2°) as the
increment by which spark advance may be varied.

The ECU controller 20 typically comprises a

microprocessor based control system, having analogue to

S digital . converters (ADC) for converting the analogue signals

from sensors 40a, 40b, 50 and 54, as well as the feedback

signal from the boost pressure control valve 46, into.a

digital format. Digital signals are employed to provide

suitable control signals for controlling the manifold valve

10 position, boost pressure control valve position and the

operation of the gas delivery system 12 and spark ignition

system 26. ECﬁ controller 20 also comprises suitable read

only memory (ROM) devices for storing look-up tables of

engine operating parameters, employed by the ECU controller

15 20 to achieve optimum engine performance. The programmable

nature of the ECU controller 20 means that it can be readily

modified to suit different engines, and provides complete

freedom in setting engine performance characteristics. As

the engine is fully under the control of the Engine Control

Unit responsive to engide speed and throttle position as set

by the driver (assuming the engine is a vehicle engine), the
vehicle can effectively be under "drive-by-wire" control.

20

A method of controlling the operation of the gas
fuelled internal combustion engine 10, employing the Engine
25 Control Unit described above, will now be described in detail
with reference to Figure 2.
On the left hand side of the flow chart of Figure
2 each of the engine operating parameters detected by the
Engine Control Unit described above are 1listed, namely.
30 engine speed 60, throttle position 62, manifold absolute
pressure (MAP) 64, gas pressure 66, gas temperature 68,
battery voltage 70, air temperature 72, engine phase 74 and
boost pressure control valve (BPCV) feed back position 76.
Each of these parameters is §rovided as an input in the form
of an electrical signal to the ECU controller 20 of Figure 1,
for controlllng the operation of the gas fuelled internal
combustlon engine 10. ECU controller 20 typlcally employs

w
n

-This Sheet Has Been Rer

L




val.ue -of the load required fromthe ‘ n@ﬁévaé‘tﬁ“ﬁs?gﬁg nt};

for a particular engine speed. It prpvides 2;131QP
| oadwesdiizgesl from or produced by thg Bagi-re-wi PCITYAUB3/0064%

cal cul ate the actual | oad, which is in an on-| L A BEEN
Since PFL is non-dinensional, the absolLuge_l oad val ue i e & gu;k&.gel and

therefore the system can be appl led to any engine. PFL 1_5’_,f_3_;__a;.+f.ui:ared
as follows: tht dHddded effinéndpepacdo saﬁd[%&]outﬂéerbﬂ-ﬁm% 6D .

calculate a percentage full load (PFL) value for the engine.
PFL is a non-dimensional measure of the load or torgue
produced by or required from the engine. It is generally
5 directly proportional to throttle position, except in the
governing regions of the load/speed envelope, where speed is
controlled (see Figure 8). PFL effectively indicates the
value of the load reguired from the engine as a percentage of
the full load for a particular engine speed. 1t provides a
10 way of determining the load required from or produced by the

ge of the full |oad
determ ning the

engine without having to measure or calculate the actual

load, which is difficult in an on-road situation. Since PFL

is non-dimensional, the absolute load value is not required

and therefore the system can be applied to any engine. PFL
15 is calculated as follows:

If throttle = 0%, and speed is < N;, then PFL = K (N;-N),
) if speed is > N;, then PFL = 0
Npx -N
If throttle is >0%, PFL=zleast of x 100% & throttle %
20 Nex - N,
Where N. = engine speed
N, = engine idle speed
Npax = maximum engine speed in governing region
N, = maximum power engine speed
25 K = idle governing slope
PFL may also be adjusted to reduce engine output if
the air inlet temperature goes too high, for example, due to
a blocked intercocler (a heat rejection device 1located
between the turbocharger air outlet and the intake manifold).
30 PFL may be reduced, for example, as follows:

Air Temp. . 30°C_40°C _ 50°C 60°C  70°C  80°C 90°C
Max Allowable -

PFL 100 - 100 97 94 20 86 82

__F__________,___ﬁ_——' The calculated PFL value 78 can then be employed by
heet Has Been RTlaced
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the ECU controller 20 to calculate the injector On tlme {IOT)

for each gas injector in the gas delivery system 12. IOT is

looked up in a look-up table stored in ECU controller 20, as

a function of engine speed and load (PFL). IOT is determined

5 empirically across the full range of engine speeds and PFL by

testing the engine in a test bed to produce the desired

output across the speed-load (PFL)_envelope. The values for

JIOT are then stored in a ROM in the form of a look-up table.

Figure 4 is a three dimensional representation of the typical

10 variation in IOT across the speed-load envelope of the engine
of the described embodiment.

ECU controller 20 also adjusts the timing of
injector ON time (IOT) as the engine speed increases, ie.,
the centre line of injection angle (IOT converted to angle)

15 is advanced as engine speed rises. This adjustment is made
to take into consideration the nominal opening time (ie., in
which no gas flows) of the injector and the transport time to
get gas from the injector to the inlet port. Again 1/12 of
a flywheel tooth is used by the ECU controller as the

20 increment by which the centre line of injection angle is
varied.

The detected current engine speed 60 and the PFL
calculation 78 may also be employed to calculate the manifold
valve (MV) position of the intake manifold wvalve 30 of the

25 engine. MV is also established during engine'ﬁesting across
the speed-load envelope, and the values stored in a ROM in
the form of a look-up table. Figure 5 illustrates in three
dimensional form the variation of MV across the speed-load
envelope of the engine 10. MV is looked up by ECU controller

30 20 as a function of engine speed and PFL. PFL is used since

it ensures the manifold valve is opened as early as possible
during transients, which demand high loads. If some form of
feedback means is provided in connection with the manifold
valve, to provide a feedback signal to the ECU controller,

35 the position of the manifold valve can be even more

accurately controlled . Such feedback means. may 1nc1ude, for

example, a p051t10n sensor connected to the manifold valve,
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or the actual MAP may be employed to provide an

indiestion to
the ECU controller of the position of the manifold valve.
This would avoid the need to establish the position of
manifold valve at start-up by moving the valve to its fully

5 open and fully closed position.

The current engine speed 60 and PFL calculation 78
may also be employed by ECU controller 20 to calculate the
required manifold absolute pressure (MAP) in the intake
manifold of the engine 10. The required MAP is determined

10 empirically by experimentation/design as a function of engine
speed and PFL, to enable sufficient engine output to be
achieved. For high engine output/torque a high MAP is

required, conversely for low engine output a low MAP 1is
required. The required MAP values are also stored in a ROM

15 in the form of a look-up table, which is referenced by ECU
controller 20 to calculate the required MAP based on detected
current engine speed 60 and calculated PFL 78. Figure 6
illustratés in three dimensional form the variation in
required MAP across the speed-load envelope of the engine 10.
If the engine 10 is turbocharged, as in the above
described embodiment, the required MAP 82 is compared with
the actual MAP 64, '‘and after allowing for an offset to allow
for zero load MAP, a percent allowable load (PAL) 1is
calculated at 84. PAL is required in the case of
25 turbocharged engines to prevent excess fuelling, as would
occur if the gas delivery was only controlled by PFL. During
transients some lag occurs as the engine accelerates, since

the turbocharger requires some time to accelerate to the new

20

operating state and to develop the required MAP/boost
30 ~ pressure. PAL is calculated as follows:

actual MAP - minimum MAP
PAL = »x PFL

required MAP - minimum MAP

wherein minimum MAP = repreéentative value of MAP at PFL=0,
35S and the term in brackets is clipped to be < 1.00.

Typically; the calculated PAL 84" is used togethef .
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with the current engine speed 60 to look up the IOT from the

IOT look-up table, rather than the calculated PFL 78
directly.

If the actual MAP exceeds atmospheric pressure and
is higher than the required MAP, the boost pressure control
valve (BPCV) is actuated to control the pressure, ie., the
BPCV is opened to lower the boost pressure. Conversely, the
BPCV is closed if the actual MAP is less than the desired
MAP. The BPCV feedback signal 76 is employed by the ECU
controller 20 to check correct BPCV operation. The actual
position of the BPCV is not used in a control sense, but is
used to check that the valve has moved a discreet amount when
commanded to move by ECU controller 20. If not, a fault is
registered which indicates that the BPCV requires checking
and/or servicing.

IOT is calculated at 80 using the detected current
engine speed 60 and the calculated PAL 84 for reference
conditions of air temperature (AT) 72, gas pressure (GP) 66,
gas temperature (GT)'68 and battery voltage (BV) 70. If the
detected values of these operating parameters differ from the
reference settings, corrective action is instigated by ECU
controller 20 to alter the IOT and hence the amount of gas
otherwise delivered to the engine. 1In particular, if the air
temperature rises above it’'s reference set point, the mass of

gas injected into the engine is reduced by 0.5% for each 3°C

rise above the reference temperature (eg. 298°K). To cater

for variations in gas pressure and temperature which effect
gas density and sonic velocity in the orifice of a gas

injector, the following correction is applied to the
effective injector on time:

GP, GT JGT, (1- AT,)
IOTE = IOTE; x X x x |1 - AT
GP GT.  VGT 2
where,
‘IOTE; = injector-ON time.effective reference

= IOT - injector opening time at reference battery voltage

Thls Sheet Has Been Replaced.
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GT, = reference gas temperature

AT, = reference air temperature, and AT 2 AT,.

GT, is typically set at 15°C, which coincides with
gas industry standards for the measurement of gaseous fuel
properties. It is also in approximately the middle of the
range for meaeurement of the actual gas temperatures. GP,
depends on the gas injectors employed. and the trade-off
between having a low gas pressure but long ON time and a
10 higher gas pressure with shorter ON time. GP; is typically

in the range of 700 to 800 kPa Gauge. A gas injector takes
a discrete interval of time to open, depending on the
available battery voltage (BV) and the gas pressure (GP).
The IOTE, is therefore indicative of the "flowing" time the
15 gas injector experiences and is therefore the IOT value that
adjustments are made to for éas pressure and temperature
variations to obtain the effective injector ON time (IOTE)..

The detected current engine speed 60 and calculated
. PAL 84 are also employed by ECU controller 20 to calculate
20 the spark advance (SA) 88 for the reference air temperature
72. SA is also calculated by reference to a look-up table
stored in ECU controller 20. Figure 7 illustrates in three
dimensional form the variation in SA across the speed-load
envelope. In each of Figures 4, 5, 6 and 7 all the values
25 indicated are non-dimensional digital wvalues used by the
software resident in the ECU controller 20, with the
exception of engine speed which is in units of RPM. SA is
also determined by testing the particular engine for which
the Engine Control Unit is designed. SA is required due to
30 the small delay (order 2 milliseconds) which occurs before
combustion starts after the initiation of a spark. This
delay varies with changes in air temperature 72 and gas/air
ratio. The higher the air temperature, the less delay and

conversely for lower air temperatures. Therefore, an

35, ladjustment is made to the value of SA derived from the look-

up table based on the detected air temperature 72. &an engine
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setting S~. The engine phase marker 74 is also employed to
set the tim:ng for the correct sequencing 80 of the gas
injectors. .

Ncw that the operation of the preferred embodiment
of the Engine Control Unit according to the invention has
been descrizs¢ in detail, it will be apparent that the system
has 51gn-:i:ant advantages over prior art systems for
controlling zhe operation of gas fuelled internal combustion
engines. In particular, by employing gas injectors and
accurately calculating the injector ON time the correct
amount of gzseous fuel can be injected into each cylinder to
achieve opt:mum engine performance under the full range of
engine speec and load conditions. Thus overfuelling can be
avoided andé¢ significant fuel economies achieved. Figure 3
illustrates graphically the relative efficiency of a
converted clesel engine employing an Engine Control Unit
according tc the invention, compared with the original diesel
engine pe mance as a function of engine load and speed
From Figure 3 it can be seen that the converted engine
achieves betzer than 80% relative efficiency over most of the
speed-loacé eavelope, and greater than 90% relative efficiency
at engine lcads below 300Nm.

Numerous variations and modifications will suggest
themselves o persons skilled in the mechanical engineering
arts, in ddltlon to those already - described, without
departing £rom the basic inventive concepts. For example,
the Engine Zontrol Unit according to the invention is also
applicable zo a gas fuelled internal combustion engine which
is not turbccharged. The system and method according to the
invention are also applicable with suitable modifications to
dual fuelleZl engines. All such variations and modifications
are to be considered within the scope of the present

invention, the nature of which is to be determined from the

-foregoing description and the appended claims.
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1. A method of controlling the operation of a gas
fuelled internal combustion engine, the engine having a gas
injector for injecting gaseous fuel into each cylinder, the
5 method comprising the steps of:

detecting the current throttle position of the
engine; |

calculating a percent full load wvalue for the
engine, based on said current throttle position; and,

10 calculating an injector ON time for each cylinder
based on said percent full load value whereby, in use, the -
correct amount of gaseous fuel can be injected into each
cylinder responsive to the current throttle position to
achieve optimal engine performance.

15 2. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 1,
further comprising the step of detecting the current speed of
the engine and employing the current engine speed in said
step of calculating the percent full load value.

20 3. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 2,

wherein the percent full load (PFL) value for the engine is
calculated as follows:

If throttle = 0%, and speed is < N;, then PFL = K (N;-N),

25 if speed is > N;, then PFL = 0.
. Npay -N
If throttle is >0%, PFL=least of % 100% & throttle %
N, - N,
Where N = engine speed
30 N, = engine idle speed
N, = maximum engine speed in governing region
N, = maximum power engine speed
Kl'__-:.idle-gove:ning slope
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fuelled internal combustion engine as claimed in clalm 3,
wherein the percent full load value is employed, together

with the current engine speed, to calculate a required
manifold absolute pressure value.

5. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 4,
further comprising the step of calculating a percent
allowable load (PAL) value based on the calculated values of
the required manifold absolute pressure (MAP) and the PFL.

6. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 5,
wherein the percent allowable load (PAL) value for the engine
is calculated as follows:

actual MAP - minimum MAP
PAL = X PFL

required MAP - minimum MAP

wherein minimum MAP = representative value of MAP at PFL = 0,
and the term in brackets is clipped to be £ 1.00.

7. A method o¢f controlling the operation of a gas

fuelled internal combustion engine as claimed in claim 6, the

injector ON time (IOT). is calculated using the calculated
value of PAL and the current engine speed.

8. - A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in any one of
claims 1 to 7, wherein the injector ON time (IOT) 1is
corrected for variations from reference conditions of air
temperature (AT), gas pressure (GP), gas temperature (GT) and
battery voltage (BV) to obtain an effective injector ON time
(IOTE) as follows:

GP, GT JGT, (1- AT,)
IOTE = IOTE, X X X x|1 - AT

'GP - @T. ~ VoT 2
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where, =

IOTE, = injector ON time effective reference

= IOT - injector opening time at reference battery voltage.

GP, = reference gas pressure
5 GT, = reference gas temperature
ATy = reference air temperature, and AT 2 AT,
9. A method of controlling the operation of a gas

fuelled internal combustion engine as claimed in claim 4,
wherein the position of a manifold valve in the engine intake

10 manifold is calculated for controlling manifold pressure
based on said calculated percent full load value and detected
engine speed, and wherein a pressure detector is provided for
detecting the actual manifold absolute pressgre.

10 A method of controlling the operation of a gas
15 fuelled internal combustion engine as claimed in claim 9,
wherein if the engine is a turbocharged engine the position
of a boost pressure control valve is preferably controlled
based on a comparison of said calculated value of the

required manifold absolute pressure_with the detected actual
20 manifold absolute pressure.

11. An engine control wunit for controlling the
operation of a gas fuelled internal combustion engine, the
engine having a gas injector for injecting gaseous fuel into

each cylinder, the system comprising:

25 throttle position detector means for detecting the

current throttle position of the engine;
processor means for calculating a percent full load

value for the engine based on said current throttle position,

and for calculating an injector ON time for each cylinder
30 based on said percent full load value whereby, in use, the

correct amount of gaseous fuel can be injected into each

cylinder responsive to the current throttle posn:lon to -

achieve optimum engine performance
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84/13946 enpl oyed by ECU controlle El?iﬂet?
manlfol d absolute pressure (MAP) in t Nl £01d jof _the—
The required MAP is determ ned 10 enm7i<al I y by expe |ﬁﬁ@t§4&\3§'ﬂ%¥é3ﬁ§‘ﬂ
as a function of engine speed and PFL. to enable sufficiient enaneC‘éBt
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15
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25

30

,grg.%é jly 5 - open and
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AEm

further comprising speed detector means for detecting the
current speed of the engine, and said processor means also

employs current engine speed to calculate said percent full
locad value.

13. An engine contreol unit as claimed in claim 12,
wherein said processor means further comprises means for
calculating a required manifold absolute pressure value based
on said percent full load value and the current engine speed.

14. An engine control unit as- claimed in claim 13,
further comprising pressure sensing means for sensing the
actual manifold absolute pressure of air delivered to the
engine, and providing a feedback signal to the processor
means indicative of the actual manifold absolute pressure.

15. An engine control unit as claimed in claim 14,
further comprising a boost pressure control valve for
controlling the boost pressure of air delivered to the
engine, if the engine is turbocharged, responsive to a
control signal from the processor means, said control signal
being generated based on a comparison of the calculated
required manifold absolute pressure and the sensed actual
manifold absolute pressure.

l6. An engine control unit as claimed in claim 15,
wherein said processor means further comprises means for
calculating a percent allowable load (PAL) value based on the

calculated values of the required manifold absolute pressure
({MAP) and the PFL.

17. An engine control unit as claimed in claim 16,
wherein said means for calculating the PAL value for the
engine employs the following formula: '

Has Been Reﬁaced

T R——



reqw red, conversely for |ow engine out pj ﬂ*ow—wlﬂ(?—rs:r“eqw red. The
requi r8d MAP val ues are also stored in a Iﬁ@ﬁ%@”“ iNT ¥ drm of a | ook- up

t abl YOA{1MSi s referenced by ECU cont ro|I I er Zg %Wﬁﬁdf’ﬂé‘“{%@"%"qw red
MAP based on detected current engine spe[e PFL 78

Figure 6 illustrates in three di nensi omall8f orm the vari ati pa S MY
MAP across the speed-|oad envel ope of the en e 10. 20 THIS SHE ogsi’)?ﬁ%N
engi ne 10 is_tur bofhAgetrl AR -t HHEY S r| bed enbod‘_ment Hrﬁ‘e”‘

required I\/Alfpé-z"ls-egmaamﬂ wi-t-h : 2
required MAP - minimum MAP

wherein minimum MAP = representative value of MAP at PFL = 0,
5 and the term in brackets is clipped to be < 1.00.

18. . An engine cbntrol unit as claimed in claim 17,

wherein the processor means calculates the injector ON time

(IOT) wusing the calculated values of PAL and the current

engine speed.

10 19. An engine control unit as claimed in claim 18,
further comprising gas pressure and gas temperature detectors
for detecting the pressure and temperature of gaseous fuel
delivered to the engine respectively, and said processor
means employs the detected gas pressure and temperature in

15 calculating the injector ON time.
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An engine control unit (ECU) is described in which
each of the following engine operating parameters are
detected: engine speed (60), throttle position (62),
manifold absolute pressure (MAP) (64), gas pressure (66), gas
temperature (68), battery voltage (70), air temperature (72},
engine phase (74) and.boost pressure control valve (BPCV)
feedback position (76). Each of these parameters is provided
as an input in the form of an electrical signal to the ECU
controller (20), for controlling the operation of a gas
fuelled internal combustion engine (10). ECU controller (20)
typically employs the detected engine speed (60) and throttle
position (62) to calculate a percentage full load (PFL) value
for the engine. PFL is a non-dimensional measure of the load
or torque produced by or required from the engine. The
calculated PFL value (78) can then be employed by the ECU

"controller (20) to calculate the injector ON time (IOT) (80)

for each gas injector in a gas delivery system for the engine
(10) . Typically the PFL (78) value is employed together with
the engine speed (60) to calculate a required manifold
absolute pressure (MAP) value (82). The calculated value of
required MAP (82) may then be employed, together with the PFL
value (78), to calculate a percent allowable load (PAL) value

. {84). The PAL value (84) is then employed by the 'ECU

controllexr (20) to 'calculate the IOT (80) and spark advance
(88) for the erigine. By employing gas injectors and
accurately calculating the IOT the ECU (20) can control the
correct amount of gaseous fuel to be injected into each
cylinder to achieve optimum engine performance under the full
range of engine speed and load conditions.

(FIG. 1)
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vol tage (BV) and the gas pressure (GP). The\\lmﬁ[

i ndi cati vWQo#4/B3b4s f | owi ng" tinme the 15 ga .
therefore the 10T value that adjustmentggre Dade-to for.

tenperature variations to obtain the effecti

ECU controller 20 to cal culate 20 t he spark advance (¢
reference air tenperature

slope

Maximum speed
governing

Y
A

L~ 100 % throttle
Nmax

SPEED (N)

75% throttle
'50% throttie:
25% throttle

Ni,

(ldle governing slope)

\
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72. ;SA is al so cal cul ated by reference to a | ook-up tabl«gGst

conttol [ er 20. Fi gure 7 illustrates in three dinensional AT L 1E
in SA across the speed-|oad envel ope. In each of Figures RERLACE NM#’%‘#‘D

t he val ues 25 i ndi cated are non-di mensional digital v _:d;qets u$&ﬁ JUN 19%

software resident in the ECU controller 203 with the excgpt- :
speed which is in units of RPM- SA is also determ ned by testing the
particul ar engine for which the EBNGINE CODNTROL WWITis designed. SA s
required due EFPPLD OF THE INVENTION

The present invention relates to an Engine Control

Unit (ECU) for a gas fuelled internal combustion engine, and

(V)]

relates particularly, though not exclusively, to an ECU for
a spark ignition gas fuelled engine converted £from ea
turbocharged diesel engine.

BACXGROUND TO THE INVENTION

In the prior art, naturally aspirated diesel

10 engines have been converted-to operate on a gaseous fuel, for

example natural gas., using carburetted technology. However,

problems have risen with the use o0f gas carburettors.

particularly when using compressad natural gas (CNG) as e

fuel. Furthermore., the advent of turbocharged dies=l engines

15 has created further difficulties for most engine convertars
as the engines are more highly stressed

The temperature of natural gas aifiter pa

0]
'.J
t ﬂ

3

as
thfough the pressure regulators has been measured to be a
low ,as -40°C when operating with fully charged CNG cylinders.
26 Gas carburettors deliver fuel on a volume basis rather cthan
" a mass (or heat value) basis, and therefore there
tendency for the carburettors to overfuel the encgine. This
characteristic affects both naturally aspirated andc
turbocharged engines with gas carburettors.
25 Problems also arise due to the design of the intaks
manifold and carburettor location which can result in some
vlinders receiving more or less.gas than other cylinde
This causes a tendency for some cvlinders to detonate under
certain load conditions. Attempts to control this by the usse
30 of detonation sensors have not been entirely successful.

A furcher problem with turbocharged engines is the
inability to control the performance of the turbocharger
since it 1is essentially & “frse agent" which is no=:
controlled directly by the throttle. Therefore it is also

35 difficult to measure its performance and adjust the fuel flow

and boost pressure accordingly.



30 ¥ “the small delay (order 2 mlliseconds) which occurs before conbustion

starts after the initiation of a spark. Thi s delay vari W= arn
air tenperature 72 and gas/air ratio. The higher the air Bﬁﬁbﬁﬁgyﬁgggaﬁg?

| ess delay and conversely for lower air tenperatures.
35 adjustnment is nade to the value of SA _derived fromt

U tabfﬁ":L

based on the detected air tenperature 72.” A engi ne

The Engine Control Unit of the present invention
was developed with a view to overcoming one or more of the
above-noted problems in the prior art.

SUMMARY OF THE INVENTICN

According to one aspect of the present invention
there is provided a method of controlling the operation of a
gas fuelled internal combustion engine, the engine having a
gas injector for injecting gaseous fuel into each cylinder,
the method comprising the steps of:

10 detecting the current throttle position of cthe
engine;
calculating a percent full load value for cthe
engine, based on said current throttle position; and,
calculating an injector ON time for each cylinder
15 based on said percent full load value whereby, in use, the
correct amount of gaseous fuel can be injected into each
cylinder responsive to the current throttle positiecn to
achieve optimal engine performance.
Typically the method also comprises detecting the
20 current speed of the engine and employing the current engine
speed 1in said step of calculating the percent full load
value. Preferably the percent full load value is emploved,
together with the current engine speed, to calculats a
required manifold pressure value. The calculated value of
25 required manifold pressure may then be emploved, together
with the percent full load value, in calculating a percenzt
allowable load value.
Advantageously the position of a manifold valve in
the engine intake manifold is calculated for controlling
30 manifold pressure based on said calculated percent full load
value and detected engine speed. Advantageously a pressure
detector 1is provided for detecting the actual manifold
pressure. If the engine 'is a turbocharged engine the
position of a boost pressure control valve is preferably
35 controlled based on a comparison of said calculated value of

the requ1red manifold pressure with the detected acctual
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injectors. 5 Now t hat the operation of the pfid¥® red- """

enbodi nment -3 -

manifold pressure. Typically both said required and actual
manifold pressure are absolute pressure values.
According to another aspect of the present
invention there 1is provided an engine control unit for
5 controlling the operation of a gas fuelled 1internal
combustion engine, the engine having a gas injector for
injecting gaseous fuel into each c¢ylinder, the svstem
comprising: _
throttle position detector means for detecting the
10 . current throttle position of the engine;
processor means for calculating a percent full load
value for the engine based on said current throttle position,
and for calculating an injector ON time for each cylinder

based on said percent full load valus whereby, in use, the

|
w

correct amount of gaseous fuel can be injected

=

nto e2ach
cylinder responsive tec the current throttle position to
achieve optimum engine performance.

Typically the system further comprises  speed
detector means for detecting the current speed of the engine,

20 and said processor means also employs current engine speec to
calculate said percent full load wvalue. Preferably said
percent full load value is employed, together with the engine
speed, to calculate a required manifold absolute pressure
value.

25 Typically the system further comprises gas pressure
and gas temperature detectors for detecting the pressure and
temperature o¢f gaseous fuel delivered to the engine
respectively, and said processor means employs the detected

gas pressure and temperature in calculating the injector ON
30 time.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to facilitate a better understanding of:
the nature of the invention a preferred embodiment of the ECU
will now be described, by way of example only., with reference

35 to the accompanying drawings, in which:



of;the Engi ne Control Unit according to the invention has—been deseriises

detail, it will be apparent that the system has signifig
pri or art systens for controlling the operation of gas f
conmbustion 10 - engines. - In particular, by enployln-

accurately calculating the injector ON_ti,ne the correct B
fuel can be injected into each cylinder o achi eve opti mum engi ne

performance under thegpfiylkerange of epgipeospeedidhdl Qg candisi gngasThus
overfuellln% can be

uelled internal combustion engine to which an embodiment.of
the ECU of the present invention is applied;

Figure 2 is a flow chart illustrating the operation

5 of a preferred embodiment of the ECU according to the
invention;

Figure 3 illustrates graphically the relative
eFf1c1=ncy of a converted diesel engine employing an ECU
according to the invention, compared with the original diesel

10 engine performance as a function of load and engine speed;

Figure 4 1is a threée-dimensicnal chart which
illustrates the wvariation in Injector On Time (IOT) as
controlled by the preferred embodiment of the ECU according
to the invention;

w

15 Figure is a three-dimensional cheart which
1llustrates the variation in Manifeid Valve (MV} position as
controlled by the ECU:

Figure 6 1s a three-dimensional chert which
illustrates the variation in Manifold Absoluce Pressure (MAP)

20 position as controlled by the ECU;

Figure 7 1s a three-dimensional chart which
illustrates the variation in Sperk Advance (SA) as controlled
by the ECU; andg,

Figure 8 is a graphnical representation of a cypical
25 Percent Full Load (PFL) vs. Speed curve for an engine.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
Referring to Figure 1, &a spark ignited incernal
" combustion engine is illustrated diagrammatically at 10. The
engine 10 is capable of operating on & gasesous fuel, and is
30 provided with a gas delivery system 12 for contrelling the
delivery of gaseous fuel from a gas reservoir 14, via a gas
delivery line 16 to a fuel inlet 18 of the engine. The gas
delivery system 12 typically comprises individual solenoid
operated gas injectors (not illustrated) for each cylinder of
35 the engine. Gas delivery system 12 is under the control of

an Engine Control Unit controller 20 via control line 22.



15¢ avoi ded and significant fuel econom es achi eved. REPLACBMENT SHEET
illustrates graphically the relative efficiency of a con erteg ?*ﬂﬂFEﬁB
engi ne enpl oyi ng an Engi ne Control Unit according to the mm&e

conpared Wi th the original diesel engine performance as :
engi ne | oad and speed. 20 Fron1F|gure/§ it can be seen that the
converted- englne achi eves better than 80% rel ative efficiency over nost of
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sequentially to the engine, each 1injector delivering gas

----------------

during the intake stroke of it's respective cylinder. The
Engine Control Unit (ECU) controller 20 delivers a signal via
5 ignition control line 24 to a spark ignition system 26, which
causes the fuel introduced into the engine, along with air,

to be ignited and hence provide the power stroke of each

cylinder.
Alr to support combustion 1is delivered to the
10 engine 10 through air inlet 28, for example, the inlet
manifold of the engine, via air cthrottle means 3C. Air

throttle means 30 may comprise, for example, a manifeld valve
which is also under the control of the ECU controller 20 via
manifold valve control line 32, for controlling the manifold
15 absolute pressure. It may also be desirable to have soms

form of feedback means provided (not illustrated) Ior

3
n
id

ct
id

‘manifold wvalve to provide a £feedback signal to the

3
c

C
controller 20, indicative of an operating position of th

)

ct

manifold valve.

20 Alr 1s delivered to inlet 28 via the manifold valve

30 from a turbocharger 34. Air at ambient pressure i

[}

supplied to the turbocharger 34 throucgh an air delivery line

36 from an air {filter 28, which is open to atmosphere.
Turbocharger 34 boosts the pressure of air delivered to the
25 engine 10 via manifold valve 30, above an ambient pressure.
Sensor 40a senses the alr temperature 1in the boost air
delivery line 42 and provides a feedback signal indicative of
the temperature to the ECU controller 20 via control line

44a, Sensor 40b senses the actual manifold air pressure

30 (MAP) and provides a feedback signal indicative of the MAP

ot

o)
the ECU controller 20 via control line 44b.

A boost pressure control valve 46 1s provided in
the boost air delivery line 42 for controlling cthe boost
pressure of air delivered "‘to the engine 10. The boost

35 pressure contrel valve 46 is directed to control boost
pressufes under the control. of ECU controller 20 .via boost

pressure control line 48. The boost pressure control valve
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feedback signal to the ECU controller 20, indicative of

an
operating condition of the boost pressure control valve 46.

In this embodiment, the primary inputs to the ECU
controller 20 are engine speed and throttle position. Engine
speed is detected by a Eensor 50 which generates a signal
indicative of the engine speed on input line 52 to the ECU
controller 20. Sensor 50 is typically an inductive (magnet
and coil) sensor positioned adjacent to the ring gear teeth
10 of the fly wheel of the engine ‘10. The sensor produces a

sinusoidal wave form having voltage and freguency
characteristics that vary with the engine speed. The actual
engine speed is calculated by ECU controller 20 by measuring

the time between a f£ixed number of peaks and troughs in the

-ad

15 wave form.

Throttle position 1s measured by & throttl

it

position sensor 54 which provides an electrical si

m
)-‘

nal
To th
ECU controller 20. The throttle position sensor 54 in zhi

indicative of the throttle pesition on input line 56

('D

)

20 embodiment comprises a potentiometer “geometrically” cou

D,

ple
to the throttle/accelerator pedal linkage. Typically., 0.
Volts equatss to zero position, whilst 5.0 Volts eguates to

maximum throttle position.

in the illustrated embodiment the engine 10

(v

is
25 six cylinder engine provided with three ignition coils (three
coil pack, in which each coil fires TWO plugs
simultaneously). A timing pulse is generated by a timing or
engine phase sensor 58 mounted on the engine every second
revolution of the engine. Fly wheel teeth signals f£rom the
30 engine speed sensor 50 are modified by a phase locked loop
circuit which multiplies the signal frequency by twelve. In
this way two revolutions of the engine can always be dividec
up into six intervals of equal angular displacement. Since
the actual physical location of the timing sensor 58 1is
35 known, it 1is possible to nominate ignition timings in the
.standard units of ° Crank Angle Before Top .Dead Cenctre. In

this embodiment the ECU controller 20 also uses ihe 1/12 oi
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a flywheel tédth interval (approximately 0.2°) as the
increment by which spark advance may be varied.

The ECU controller 20 typically comprises a
microprocessor based control system, having analogue to
digital converters (ADC) for converting the analogue signals
from sensors 40a, 40b, S50 and 54, as well as the feedback
signal from the boost pressure control valve 46, into a
digital format. Digital signals are employed to provide
suitable control signals for controlling the manifold wvalve
position, boost pressure control valve position and the
operation of the gas delivery system 12 and spark ignition
system 26. ECU controller 20 also comprises suitable read
only memory (ROM) devices for storing look-up tables of
engine operating parameters, emploved bv the ECU controller
20 to achieve optimum engine performancs. The programmable
nature of the ECU controller 20 means that it can be readily
modified to suit different engines,'and provides complete
freedom in setting engine periormance characteristics. As
the engine is fully under the control of the Eangine Control
Unit responsive to engine speed and throttle position as set
by the driver (assuming the =2ngine is a vehicle engine). the
vehicle can effectively be under "drive-by-wire" control.

A method of contreclling the operation of the gas
fuelled internal combustion engine 10, emploving the Enginsz
Control Unit described above, will now be described in detail
with reference to Figure 2.

' On the left hand side of the flow chart of Figure
2 each of the engine operating parameters detected by the
Engine Control Unit described above are 1listed, namely.
engine speed 60, throttle position 62, manifold absolute
pressure (MAP) 64, gas pressure 68, gas temperature 68,
battery voltage 70, air temperacure 72, engine phase 74 and
boost pressure control valve (BPCV) feed back position 76.
Each of these parameters is brovided as an input in the form
of an electrical signal to the ECU controller 20 of Figure 1.
for controlling the operation of the gas fuelled internal

combustion engine 10. CU controller 20 typically employs
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the detected erigine speed 60 and throttle position 62 to
calculate a percentage full load (PFL) value for the engine.

PFL is a non-dimensional measure of the locad or ctorgue

of controlling the operation of a gas fuelled internal
t he engi ne having a gas injector for injecting gaseou
cylinder, the 5 met hod conprising the steps of: det
throttle position of the engine; calculatdng a percen
t he

produced by or reguired from the engine. It 1s generally
5 directly proportional to throcttle position, except in the
governing regions of the load/speed envelope. where speed is
controlled (see Figure 8). PFL effectively indicates the
value of the load required from the engine as a percentage of
the full load for a particular engine speed. It provides a
10 way of determining the load required from or produced by the
engine without having to measure or calculate the actual
load, which is difficult in an on-road situation. Since PFL
is non-dimensional, the absclute load value is not reguired
and therefore the system can be applied to any engine. PFL

15 is calculated as follows:

If throttle = 0%, and speed is < N;, then PFL = K (N,-N),

if speed is > N,, then PFL = 0
Ny, -N
If throttle is >0%, PFL=least of % 100% & throttlie %
20 Naax = N,
Where N = engine speed
N, = engine idle speed
Npax = maximum engine speed in govarning region
N, = maximum power engine speed
25 K = idle governing slope

PFL may also be adjusted to reduce engine output i

t-h

the air inlet temperature goes tooc high, for example, dusz to
a blocked intercocler (a heat rejection device located

between the turbocharger air outletr and the intake manifold).

30 PFL may be reduced, for example, as follows:
Alr Temp. 30°C 40°C 50°C __ 60°C 20°C 80°C _8C*C
Max Allowable "
PFL 100 100 97 94 90 86 82

The calculated PFL value 78 can then be employed by



engi ne, *based on said current throttle position; and, 1QEPLAGEMENT£HEET
calculating an injector ON tine for each cylinder basgqd on §€Lﬂ$ﬁ ent
full |oad val ue whereby, in use, the correct anmount of &

can. Qe
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i njected into each cylinder responsive to the current | , o
achi eve optinmal engi ne performance. 15 2 A nmet hod of controlling

the operation of a gas fuelled internarl &ofbust i on engine as clained in
claiml, fughRep Gommilsifet Mo 2LRAPELIELECH DG F NG CF "GN 3R TY o)
for each gas injector in the gas delivery system 12. IOT is
looked up in a look-up table stored in ECU controller 20, as
a function of engine speed and load (PFL). IOT is determined
5 empirically across the full range of engine speeds and PFL by
testing the engine in a test bed to produce the desired
output across the speed-load (PFL) envelope. The values for
IOT are then stored in a ROM in the form of & look-up table.
Figure 4 is a three dimensional representation of the typical
10 variation in IOT across the speed-load envelope of the engine
of the described embodiment.

ECU controller 20 also adjusts the timing of
injector ON time (IOT) as the engine speed increases,
the centre line of injection angle (IOT converted to angle)

15 1s advanced as engine speed rises. This adjustment is made
to take into consideration the nominal opening time (ie., in
whnich no gas flows) of the injector and the transport time to
get gas from the injector to the inlet port. Agein 1/12 of
a flywheel tooth 1is used by the ECU controller as the

20 increment by which the centre line of injection angle is
varied.

The detected current engine speed 60 and the PFL
calculation 78 may also be emploved to calculacte the manifold
valve (MV) position of the intake manifold valve 30 of cthe

25 engine. MV is also established during engine testing across
the speed-load envelope, and the values stored in a ROM in
the form of a look-up table. Figure 5 illustrates in three
dimensional form the variation of MV across the speed-load
envelope of the engine 10. MV is looked up by ECU controller

30 20 as a function of engine speed and PFL. PFL is used since
it ensures the manifold valve is opened as early as possible
during transients, which demand high loads. 1f some form of
feedback means is provided in connection with the maﬁifold
valve, to provide a feedback signal to the ECU controller,

35 the position of the manifold valve can be even more
accuratgly ¢throlled., Such feedback means may include, for

example, a position sensor connected to the manifold valve,



t he engirne and enpl oying the current engi ne speed in
cal culating the percent full |oad value. 20 3.

controlling the operation of a gas fuelled internal
clainmed in claim2, wherein the percent full |oad (PRLPa®al-we for ths".

engine is calculated as follows: If throttle = 0% an peed 1S < [err],

t hen PFL
0. [err]
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or the actual MAP may be employed to provide an indication to
the ECU controller of the position of the manifold valve.
This would avoid the need to establish the position of
manifold valve at start~-up by moving the valve to its fully
open and fully closed position.

The current engine speed 60 and PFL calculation 78
may also be employed by ECU controller 20 to calculate the
required manifold absolute pressure (MAP) in the intake
manifold of the engine 10. The required MAP is determined
empirically by experimentation/design as a function of engine
speed and PFL, to enable sufficient engine output to be
achieved. For high engine output/torgue a high MAP is
reguired, conversely for low engine output a low MAP is
required. The required MAP values are also stored in a ROM
in the form of a look-up table, which is referenced by ECU
controller 20 to calculate the required MAP based on dectected
current engine speed 60 and calculated PFL 78. Figure 6
illustrates in three dimensional form the variation in
required MAP across the speed-load envelope of the engine 10.

If the engine 10 is turbocharged, as in the above
described embodiment, the reguired MAP 82 is compared with
the actual MAP 64, and after allowing for an offseﬁ to allow
for zero load MAP, =2 percent allowable load {PAL) 1is
calculated at 84. PAL is reguired 1in the case of
turbocharged engines to prevent excess fuelling, as would
occur if the gas delivery was only controlled by PFL. During
transients some lag occurs as the engine accelerates, since
the turbocharger reqguires some time to accelerate to the new
operating state and to develop the required MAP/boost
pressure. PAL is'calculated as follows:

actual MAP - minimum MAP
PAL = x PFL

required MAP - minimum MAP

wherein minimum MAP = representative value of MAP at PFL=0,

and the term in brackets is clipped to be < 1.00.

Typically,; the calculated PAL 84' is used together

25 Y05 speed is > [err] then PFL
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with the current &ngine speed 60 to look up the IOT from the
IOT 1look-up table, rather than the calculated PFL 738
| directly.

If the actual MAP exceeds atmospheric pressure and
5 is higher than the required MAP, the boost pressure control
valve (BPCV) is actuated to control the pressure, ie., the
BPCV is opened to lower the boost pressure. Ccnversely, the
BPCV is closed if the actual MAP is less than the desired
MAP. The BPCV feedback signal 76 is employed by the ECU
10 controller 20 to check correct BPCV operation. The actual
position of the BPCV is not used in a control sense, but is
used to check that the valve has moved a discreet amount when
commanded to move by ECU controller 20. If not, a fault is
registered which indicates that the BPCV reguires checking

15 and/or servicing.
IOT is calculated at 80 using the detected current
engine speed 60 and the calculated PAL 84 for reference
' conditions of air temperature {(AT) 72, gas pressure (GP) 66,
gas temperature (GT) 68 and battery voltage (BV) 70. If{ th

[{y

20 detected values of these operating parameters differ from th

14

m
[

~
-

reference settings, corrective action is instigated by

controller 20 to alter the IOT and hence the amcunt oI ga

1]

\Q

otherwise delivered to the engine. In particular, if the air
temperature rises above it‘s reference set point, the mass of

25 gas injected into the engine is reduced by 0.5% for each 3°C
rise above the reference temperature (eg. 298°K). To cater
for variations in gas pressure and temperature which effect
gas density and sonic velocity in the orifice of a

gas
injector, the following correction 1is applied to the
30 effective injector on time:
GP, GT JGT, (1- AT,) —l
IOTE = IOTE: x X X x |1 - AT
GP GT.  Ver 2
where,
35 "IOTE, = injector ON time.effective reference

= IOT - injector opening time at reference battery voltage.

o
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together with the current engine speed. to calculate a nleg Ued
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operation of a gas fuelled internal conbist i on engi ne as clained i n claim
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GP, = reference gas pressure
GT, = reference gas temperature
AT, = reference air temperature, and AT 2 AT,.

GT, is typically set at 15C, which coincides with
gas industry standards for the measurement of gaseous fuel
properties. It is also in approximately the middle of the
range for meaéurement of the actual gas temperatures. GP,
depends on the gas injectors employed, and the trade-off
between having a low gas pressure but long ON time and a
higher gas pressure with shorter ON time. GP, 1s typically
in the range of 700 to 800 kPa Gauge. A gas injector takes
a discrete interval of time to open, depending on the
available battery voltage (BV) and the gas pressure {(GP).
The IOTE, is therefore indicative of the "flowing" time the
gas injector experiences and is therefore the IOT value that
adjustments are made to for Qas pressure and temperature
varlatlons to obtain the effective injector ON time (IOTE).

The detected current engine speed 60 and calculated
PAL 84 are also employed by ECU controller 20 to calculate
the spark advance (SA) 88 for the reference air temperature
72. SA is also calculated by reference to a look-up table
stored in ECU controller 20. Figure 7 illustrates in three
dimensional form the variation in SA across the speed-loacd
envelope. In each of Figures 4, 5, 6 and 7 all the values
indicated are non-dimensional digital values used by the
software resident in the ECU controller 20, with the
exception of engine speed which is in units of RPM. SA 1is
also determined by testing thé particular engine for which
the Engine Control Unit is designed; SA is required due to
the small delay (order 2 milliseconds) which occurs before
combustion starts after the initiation of a spark. This
delay varies with changes in air temperature 72 and gas/ailr
ratio. The higher the air ¢emperature, the less delay and
conversely for 1lower air temperatures. Therefore, an
adjustment is made to the value of SA derived from the look-
up taBlé based on the detected air ﬁemperature 72. An engine



fuether:conprising the step of calculating a percent a
val ue based on the cal cul ated val ues of 10 t he requii
pressure (MAP) and the PFL. 6. A et hod of cont

of a gas fuelled internal conmbustion engine as cl ai med|iDatei.ai.m.5,...wher.eifn
the percent allowable |oad (PAL) value_fpg the engine
follows: 15 actual MAP - m ninmum MAP PAL =

x PFL phase marker 74 {or timing signal) is used as the datum for

setting SA. The engine phase marker 74 is also employed to

= . = L0
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set the timing for the correct sequencing 80 of the gas
injectors. .

5 : Now that the operation of the preferred embodiment
of the Engine Control Unit according to the invention has
been described in detail, it will be apparent that the system
has significant advantages over prior art systems for
controlling the operation of gas fuelled internal combustion

10 engines. In particular, by employing gas injectors and
accurately calculating the injector ON time the correct
amount of gaseous fuel can be injected into each cylinder to
achieve optimum engine performance under the full range of
engine speed and load conditions. Thus overfuelling can be

15 avoided and significant fuel economies achieved. Figure 3
illustrates graphically the relative efficiency of a
converted diesel engine employing an Engine Contrel Unit
according to the invention, compared with the original diesel
engine performance as a function of engine load and speed.

20 From Figure 3 it can be seen that the converted engine
achieves better than 80% relative efficiency over most of the
speed-load envelope, and greater than 290% relative efficiency

at engine loads below 300Nm.

Numerous variations and modifications will suggest

25 themselves to persons skilled in the mechanical engineering
arts, in addition to those already described, without
departing from the basic inventive concepts. For example,

the Engine Control Unit according to the invention is also

applicable to a gas fuelled internal combustion engine which
30 is not turbocharged. The system and method according to the

invention are also applicable with suitable modifications to

dual fuelled engines. All such variations and modifications

are to be considered within the scope of the present

invention, the nature of which is to be determined from the
35 foregoing description and the appended claims.
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7. A method of controlling the operation of a% ftu |
combustion engine as clained in claim6, the injector 100 S ) 1
cal cul ated using the cal cul ated val ue Qf ;BAL and the current engi ne speed.
8. A net hod of controlling the operation of a gas 25 fuell ed

internal conpust COAIRBIDALIRSNG | BHPEENVENBIYN ONCE OAS FOLLOWS :

1. A method of controlling the operation of a gas
fuelled internal combustion engine, the engine having a gas
injector for injecting gaseous fuel into each cylinder, the
5 method comprising the steps of:

detecting the current throttle position of the
engine;

calculating a percent full load value for the
engine, based on said current throttle position; and,

10 calculating an injector ON time for each cylinder
based on said percent full load value whereby. in use, the
correct amount of gaseous fuel can be injected into each
cylinder responsive to the current throttle position to
achieve optimal engine performance.

15 2. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 1,
further comprising the step of detecting the current speed of
the engine and employing the current engine speed in said
step of calculating the percent full load value.

20 3. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 2,

wherein the percent full load (PFL) value for the engine is
calculated as follows:

If throttle = 0%, and speed is < N;, then PFL = K (N,-N),
25 if speed is > N,, then PFL = 0.
N, -N
If throttle is >0%, PFL=least of x 100% & throttle %
Neo, = Np
Where N = engine speed
30 N, = engine idle speed
Npa» = maximum engine speed in governing region

N, = maximum power engine speed
K

-=.idle governing slope

*x € L- M S *
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4. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 3,
wherein the percent full load value is employed, together

with the current engine speed, to calculate a required
5 manifold absolute pressure value.

S. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 4,
further comprising the step of calculating a percent
allowable load (PAL) value based on the calculated values of
10 the required manifold absolute pressure (MAP) and the PFL.

6. A method of controlling the operation of a gas
fuelled internal combustion engine as claimed in claim 5,

wherein the percent allowable load (PAL) value for the engine
is calculated as follows: '

15 actual MAP - minimum MAP
PAL = x PFL

required MAP - minimum MAP
wherein minimum MAP = representative value of MAP at PFL = 0,

and the term in brackets is clipped to be £ 1.00.

20 7. A method of controlling the operation of a gas

fuelled internal combustion engine as claimed in claim 6, the

injector ON time (IOT). is calculated using the calculated
value of PAL and the current engine speed.

8. A method of controlling the operation of a gas
25 fuelled internal combustion engine as claimed in any one of
claims 1 to 7, wherein the ihjéccor ON time (IOT) 1is
corrected for variations from reference conditions of air
temperature (AT}, gas pressure (GP), gas temperature (GT) and
battery voltage (BV) to obtain an'éffective injector ON time
30 (IOTE) as follows: : .
GP, GT VGT, (1- AT,)
IOTE = IOTE,; X X x X 1l - AT
| Gp - 6T, VGT S

A



. |
--16 - where IOTE[err] = injector ONtinme effective refs =1 OF -
I njector opening tinme at reference battery voltage. GP msﬁmcmamfmme

gas pressure 5 Gl[err] = reference gas tenperature AT[e(ic% iﬁre
air tenperature, and AT [err] AT[err] 9. A et hp®aed - 0. FINN) ..........

operation of a gas fuelled internal conbustlon engi ne as=cFai
4,

where,

IOTE, = injector ON time effective reference

= IOT - injector opening time at reference battery voltage.

GP, = reference gas pressure
5 GT, = reference gas temperature
AT, = reference air temperature, and AT 2 AT,
9. A method of controlling the operation of a gas

fuelled internal combustion engine as claimed in claim 4,

wherein the position of a manifold valve in the engine intake

10 manifold is calculated for controlling manifold pressure

based on said calculated percent full load value and detected

" engine speed, and wherein a pressure detector is provided for
detecting the actual manifold absolute pressgre.

10. A method of controlling the operation of a gas
15 fuelled internal combustion engine as claimed in claim 9,
wherein if the engine is a turbocharged engine the position
of a boost pressure control valve is preferably controlled
based on a comparison of said calculated value of the

required manifold absolute pressure with the detected actual
20 manifold absolute pressure.

11. An engine control wunit for controlling the
operation of a gas fuelled internal combustion engine., the
engine having a gas injector for injecting gaseous fuel into
each cylinder, the system comprising:

25 throttle position detector means for detecting the

current throttle'position of the engine;
processor means for calculating a percent full load

value for the engine based on said current throttle position,

and for calculating an injector ON time for each cylinder
30 based on said percent full load value whereby, in use, the

correct amount of gaseous fuel can be injectéd into éach

cylinder responsive to ‘the current cthrottle position to -

achieve optimum enginé per formance. ) .

R R R



wherein 'the position of a manifold valve in the eng|
is calculated for controlling manifold pressure base Rmmmmm
percent full |oad value and detected engi ne speed, apd vvhej)%rmm ssyre
detector is provided for detecting the actual nanif ol dads t-e pressurge.
10. A method of controlling the_operation of a -

I nternal conbustion engine as clainmed in claim9, wherein if the engine is
a turbochariged engi nedrt henpbiset iconrebla booDst apr edisuimeed onhr allada VElj S

preferably aRoll dnprising speed detector means for detecting the

f ol d

current speed of the engine, and said processor means also

employs current engine speed to calculate said percent full
) load value.

13. An engine control unit as claimed in claim 12,
wherein said processor means further comprises means for
calculating a required manifold absolute pressure value based
on said percent full load value and the current engine speed.

10 14. An engine control unit as claimed in claim 13,
further comprising pressure sensing means for sensing the
actual manifold absolute pressure of air delivered to the
engine, and providing a feedback signal to the processor
means indicative of the actual manifold absolute pressure.

15 15. An engine control unit as claimed in claim 14,
further comprising a boost pressure control valve for
controlling the boost pressure of air delivered to the
engine, 1if the engine is turbocharged, responsive to a
control signal from the processor means, said control signal

20 being generated based on a comparison of the calculated

required manifold absolute pressure and the sensed actual
manifold absolute pressure.

16. An engine' control unit as claimed in claim 15,
wherein said processor means further comprises means for
25 calculating a percent allowable load (PAL) value based on the

calculated values of the required manifold absolute pressure
{MAP) and the PFL.

17. An engine control unit as claimed in claim 16,
wherein said means for calculating the PAL value for the
30 engine employs the following formula: '

Ty



based on a conparison of said cal cul ated value of th
absolute pressure with the detected actual 20 mani
11. An engine control wunit for controlling
gas fuelled internal combustion engine, the engine hg
for injecting gaseous fuel into each cWivgder, the s 1
throttle position detector neans for detectingythe current throttle.
position of the endi nactual MAP - minimum MAP
PAL = x PFL

required MAP - minimum MAP
wherein minimum MAP = representative value of MAP at PFL = 0,
5 and the term in brackets is clipped to be £ 1.00.

18. An engine control unit as claimed in claim 17,
wherein the processor means calculates the injector ON time
(IOT) using the calculated values of PAL and the current
engine speed. F

10 19. An engine control unit as claimed in claim 18,
' further comprising gas pressure and gas temperature detectors
for detecting the pressure and temperature of gaseous fuel
delivered to the engine respectively, and said processor
means employs the detected gas pressure and temperature 1in
15 calculating the injector ON time.

[



T ocessor means f or calculating a percent full load v ngmecaMEHTéﬁGFE
based on said current throttle position. and for calc ;ggv PNI

time for each cylinder 30 based on said percent ful

fAbect or
mhefeb
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ENGINE CONTROL UNIT
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An engine control unit (ECU) is described in which

each of the following engin operating parameters

detected: engine speed (60), throttle positi
S manifold absolute pressurxe (Ma?) (64}, gas pressure

temperature (68), battery veltage (70), air temperaturs (72)

on (6
(68},

engine phase (74) and boost pressure control valve (3P

are
2),
gas

’

CV)

feedback position (76). ZEach of these parameters is provided

as an input in the form of an electrical signal to the

roller (20), for controlling the operation
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or torque produced vy or rsguired Efrom Cthe en

calculated PFL value (78) can then be employed by the

controller (20) to caliculazarse

value (78), to calculat

required MA? (82) may then be emplcved, togather with the
)

(84) . The PAL walue (34) is then emplo
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25 controller (20) to calculate the IOT (80) and spark advance

(88) <Zfor the engine. 2y emploving gas injectors

accurately calculating the IOT the ECU (20) can co

ncrol

.
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—an

correct amount of gasscus Ffuel to be injectad into each

cvlinder to achieve optimum engine performance under the fu

30 range of engine speed and load conditions.
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“mani ol d absol ute pressure. 16. An engi ne control yani
claim 15, wherein said processor neans further conprises
calculating a percent allowable |oad (PAL) val ue based on
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18. * An engine control unit as clained in claim 17, 9 Njﬂw
processor means cal cul ates the injector 8t.i nme (10OT) us|iig®Q her¢alc
val ues of PAL and the current engi ne speed.” 10 19. “=An_engi ne
control unit as clained in claim 18, further conprising gas pressure and
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