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(54) Abstract Title
IC engine net torque calculator

{57) The net torque produced by an ic engine is determined as the difference between the gross torque
generated and the internal and external torque losses. Gross torque is estimated 2 in accordance with the
amount of fuel injected 6.

Internal engine torque losses due to friction are estimated 19 according to engine speed and coolant
temperature and external torque losses are estimated 17 depending upon the auxiliary equipment being
driven eg air conditioning units. An expected torque loss correction 21 is determined from an adaptive look up
table 20 and is dependent upon coolant temperature.

The estimated internal and external torque losses and the expected torque loss correction are summed
22,24 and subtracted 26 from the gross torque to produce an estimated net torque signal 1. When no power is
being drawn by the gearbox the actual net torque is determined from the engine acceleration and the
difference between the actual and estimated net torque is used to update the expected torque loss correction
value in the adaptive look up table 20.
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Engine Torque Control

The present invention relates to an apparatus and a
method for quantifying the net torgue produced by an
internal combustion engine, for example, in a motor
vehicle.

The net torque produced by an engine, for example an
Otto or a Diesel internal combustion engine, is the
total or gross torque produced by the engine, less the
sum of internal and external torgue losses. Internal
losses are dominated by friction between the relatively
moving parts of the engine. External losses may be
those caused by accessories driven by the engine, such
as an alternator, air conditioning unit, power steering
unit, and also any torque converter losses from an
automatic transmission.

It is desirable to be able to predict the net torgque
expected from an engine as a function of the driver
demand from the accelerator pedal and gearbox setting.
For example, an electronic power train control module
in a motor car may control a fuel pump and fuel
injectors, depending on the driver demand. An
estimated net torque is useful, for example, in the
control of automatic transmission and drive wheel
traction control, so that gear shifts occur at the
right time, and the drive wheels maintain friction with
the road.

Whilst in principle, it is possible to measure and
model accurately the expected net torque produced by an
engine operating in a steady state condition, in
practice different engines of the same type will have
slightly different characteristics, and these
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characteristics will vary'depending on a number of
factors, such as engine age and operation history.
other factors, for example, engine operating parameters
which are not normally measured such as barometric
pressure, relative humidity, and ambient temperature,
may have an appreciakle effect on the engine net
torque.

A number of systems have therefore been proposed to
meagsure or estimate the engine net torque. Most of
these, however, involve a continuous adjustment of
stored parameters used in torque loss calculations, at
least during steady state operation of the engine.
This modelling approach involves relatively complex
circuitry and software in order to achieve an accurate
result.

It igs an object of the present invention to provide a
more convenient apparatus and method for estimating the
net engine torque, which does not rely on continuous oOr
frequent adjustment of stored parameters used in torque
loss calculations.

Accordingly, the invention provides an apparatus for
quantifying the net torque produced by an internal
combustion engine from which power may Dbe drawn through
a gearbox, comprising: means to provide a fuel delivery
signal representative of an amount of fuel supplied to
the engine; means to provide engine condition signals
representative of a number of engine operating
parameters including engine temperature and engine
speed; gross torque processing means to calculate the
nominal gross torque produced by the engine, the gross
torque processing means receiving one or more of said
signals including at least the fuel delivery signal and



10

15

20

25

30

35

- 3 -

calculating therefrom the nominal gross torque produced
by the engine; expected loss processing means to
estimate expected torque losses internal to the engine,
the expected loss processing means receiving one or
more of the engine condition signals and estimating
therefrom the estimate of expected torgue losses
internal to the engine; an adaptive memory for holding
expected torgue loss correction values dependent on at
least one of the engine ¢operating parameters; and
summation means to sum the nominal gross torque,
expected torque losses and expected torgque loss
correction to produce an expected net torgue estimate
of the net torque produced by the engine; in which the
apparatus comprises detection means to determine
whether or not engine power is drawn through the
gearbox; means to measure engine acceleration; and
means to calculate an actual net torque produced by the
engine from the measured engine acceleration; a torque
loss correction value being generated from a difference
between the expected net torque estimate, and then
stored in the adaptive memory if it is determined that
engine power is not drawn through the gearbox.

Also according to the invention, there is provided a
method of quantifying the net torque produced by an
internal combustion engine from which power may be
drawn through a gearbox, comprising the steps of:

a) providing a fuel delivery signal representative of
an amount of fuel supplied to the engine;
b) providing engine condition signals representative

of a number of engine operating parameters
including engine temperature and engine speed;

¢) calculating a nominal gross torque produced by the
engine using one or more of said signals including
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at least the fuel delivery signal;

estimating expected torque losses internal to the
engine using one or wmore of the engine condition
signals;

storing in an adaptive memory expected torque loss
correction values dependent on at least one of the
engine operating parameters;

summing the nominal gross torqueé, expected torque
logsses and expected torgue loss correction to
produce an expected net torque estimate of the net
torque produced by the engine;

determining whether or not engine power is drawn
through the gearbox;

measuring engine acceleration;

calculating an actual net torque produced by the
engine from the measured engine acceleration;
generating a torque loss correction value from a
difference between the expected net torque
estimate and the actual net torque; and

storing the torgue loss correction value in the
adaptive memory if it is determined that engine
power is not being drawn through the gearbox.

The apparatus according to the invention may be
employed as part of the motive means for a motor
vehicle, comprising an intermal combustion engine and a
gearbox from which power may be drawn from the engine,

comprising: a fuel delivery system; an engine
monitoring system; and an apparatus as described herein

for quantifying the net torque produced by the engine,
the fuel delivery signal being provided by the fuel
delivery system and the engine condition signals
representative being provided by the engine monitoring
system.
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In a steady state condition, with no power being drawn
from the engine through the gearbox, the estimated
gross torque should be equal to the estimated external
and intermal torque losses, in which case the net
torque estimate should be zero. If the actual net
torque is in fact zero, then the engine will not be
accelerating (which term includes decelerating). 1If,
however, there is a discrepancy between the estimated
and actual net torgues, the engine will be accelerating
and from the known inertia of the engine (plus any
accessories driven by the engine), this acceleration
can be used to calculate a correction factor, which can
then be stored adaptively in, for example, a look-up
table in an EEPROM or other such non-volatile memory .

The apparatus may therefore be used to correct the net
torque estimate whenever the engine is not providing
power through the gearbox. In the case of an automatic
transmission, the torque losses in the torgque converter
may be considered to be losses by an accessory, and
factored into the torque estimate calculation. If the
gearbox is a manual transmission with a clutch, then
the detection means may detect whether or not the
engine is disengaged from the gears by the clutch in
order to determine whether or not engine power is drawn
through the gearbox.

For either a manual or an automatic transmission, it
may therefore be desirable for the detection means to
detect whether or not the gears are in neutral, in
order to determine whether or not engine power is drawn
through the gearbox.

in many cases, the engine will be driving accessories
such as air conditioning units or an alternator. The
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apparatus may then comprise additionally means to
provide accessory condition signals representative of
one oOr more accessory operating parameters, for example
and on/off indication for an air conditioning unit, or
an alternator current. The accessory loss processing
means may then receive one or more of the accessory
condition signals from which it may estimate expected
external torque losses from the accessories driven by
the engine. This estimate may then be combined with
the expected torque losses internal to the engine in
the summation by the summation means.

Because the correction value may fluctuate owing to
sensor measurement errors or transient changing in the
engine operation condition, such as a misfire, the
torque loss correction value is preferably averaged
over time prior to being stored in the adaptive memory.

The invention will now be described further, with
reference to the accompanying drawings, in which:

Figure 1 is a block schematic diagram of an
apparatus according to the invention for
quantifying the net torque produced by an internal
combustion engine from which power may be drawn
through a gearbox; and

Figure 2 is a block schematic diagram illustrating
the use of the apparatus according to the
invention in a power train control module.

Pigure 1 shows in block schematic form, an apparatus 1
for quantifying the net torque produced by an internal
combustion engine. An estimated gross torque 2 is
generated in a look-up table 4 as a function of
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injected fuel quantity 6 and engine speed 8.

In this example, external torque losses are taken to be
those from an air conditioning unit and alternator (not
shown), both driven by the engine. The load from the
air conditioning unit will be fairly constant for a
given engine speed, whilst the load from the alternator
will depend on the alternator current. An external
torque loss estimator 10 therefore receives three
signals, engine speed 8, air conditioning on or off 12,
and alternator current 14, and produces an output
signal for an estimated extermal torque loss 17.

Internal torque losses, will depend mainly on friction
within the engine, which are most strongly dependent on
engine speed and coolant temperature. An internal
torque loss estimator 16 therefore receives inputs
signals representing the engine speed 8 and the coolant
temperature 18, and produces an output signal for an
estimated internal torque loss 19.

Because the estimated external 17 and internal 19
torque losses will generally not be completely
accurate, an adaptive loss look-up table 20 provides an
output signal for a corrective torgue loss 21, to be
explained in more detail below. Although the
inaccuracies may be due to many sources of error, these
errors are generally a function of engine coolant
temperature 18, and so the lock-up table is arranged to
provide a corrective torque loss signal depending upen
an input of the coolant temperature 18.

The extermal, intermal and corrective torque loss
signals 17,19,21 are summed at nodes 22, 24, and then
subtracted from the estimated gross torgue at node 26
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to produce an estimated net torque signal 28.

If the engine is running disconnected from the drive
wheels and in a steady state, ie with no engine
acceleration, then the estimated net torque should be
zero. If the engine is not in a steady state, for
example with the injected fuel quantity high or low for
the particular engine speed, then the engine should be
accelerating with either a positive or a negative
estimated net torque.

Any discrepancy between the engine acceleration and the
estimated net torque under these conditions in which
the engine is effectively disengaged from the drive
wheels, may therefore be used to calculate an actual
net torque 29, which may be subtracted 30 from the
estimated net torque 28 to produce a torque loss
correction signal 32,

The actual net torque with the engine disengaged from
the drive wheels is calculated 34 from a measured
engine acceleration 36 and a known constant moment of
inertia 38 for the engine (optionally adjusted for any
accessories connected to the engine). In this example,
the acceleration is calculated using the game engine
speed signal 8 as used elsewhere in Figure 1.

If the engine is connected to an automatic transmission
(ag shown in phantom outline in Figure 1), then the
gearbox will only occasionally be in the park setting
with the engine disconnected from the drive wheels and
the torque converter. It is therefore necessary, when
the to factor in the torque converter losses, for the
cases where the automatic transmission is in neutral,
and when the transmission is in gear, but with the
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vehicle stationary and nc power being transmitted to
the wheels. In this example, this is done in a torgue
converter loss estimator 40, based upon an input signal
representative of transmission fluid temperature 42.

An estimated torque converter torque loss signal 44 is
then subtracted 46 from the previously generated torque
loss correction signal 32.

The torque converter loss estimator could, ‘of course,
equivalently be placed in the section of the figure
with the external and internal torque loss, as an
automatic transmission results in another form of
external torque loss, but in this implementation, the
torque converter loss estimator 40 is separate so that
the circuitry in the case of a manual transmission is
kept simple.

The torque loss correction signal is then averaged 50
to reduce noise and transient signals, and then a
torque loss correction value 51 is factored back into
the adaptive loss look-up table if no engine power is
being supplied to the wheels 52.

Figure 2 shows how the apparatus 1 described above may
be used in a power train control module 101 and with a
diesel engine 102 in a vehicle having a traction
control module 104 and an automatic transmission
control module 106.

The engine comprises known means 108 to measure engine
speed, which although not illustrated are in the form
of a toothed wheel and sensor arrangement on the engine
crankshaft. These provide a plurality of pulses 110
for each revolution of the engine 102, to the
acceleration determination module 36. The engine
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acceleration measurement is then used in the manner
described above to produce the corrected net torque
estimate, which is used in the calculations of fuel-to
torque 114 and torque-to-fuel 112 for the fuel control
system 116, as well as in the traction control 104 and
automatic transmission control 106 modules

in which the gearbox includes a sensor to detect if the
gear box is in neutral in oxder to determine whether or
not engine power is drawn through the gearbox.

Also part of the automatic transmission control module
106 is a gearbox sensor 120 which detects if the gears
are disengaged from the engine in order to detexrmine
whether or not engine power is drawn through the
gearbox.

The invention may therefore be used to obtain an
accurate and convenient control over the fuel control
system, according to the demands placed upon the engine
by the driver, and the limitation or constraints
required by the other controls such as traction control
and automatic gearbox operation.
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Claims

1. An apparatus for quantifying the net torque
produced by an internal combustion engine from which
power may be drawn through a gearbox, comprising: means
to provide a fuel delivery signal representative of an
amount of fuel supplied to the engine; means to provide
engine c¢ondition signals representative of a number of
engine operating parameters including engine
temperature and engine speed; gross torque processing
means to calculate the nominal gross torque produced by
the engine, the gross torgue processing means receiving
one or more of said signals including at least the fuel
delivery signal and calculating therefrom the nominal
gross torque produced by the engine; expected loss
processing means to estimate expected torque losses
internal to the engine, the expected loss processing
means receiving one or more of the engine condition
signals and estimating therefrom the estimate of
expected torque losses internal to the engine; an
adaptive memory for holding expected torque loss
correction values dependent on at least one of the
engine operating parameters; and summation means to sum
the nominal gross torque, expected torque losses and
expected torque 1loss correction to produce an expected
net torque estimate of the net torque produced by the
engine; in which the apparatus comprises detection
means to determine whether or not engine power ig drawn
through the gearbox; means to measure engine -
acceleration; and means to calculate an actual net
torque produced by the engine from the measured engine
acceleration; a torque loss correction value being
generated from a difference between the eéxpected net
torque estimate, and then stored in the adaptive memory
if it is determined that engine power is not drawn
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through the gearbox.

2. An apparatus as claimed in Claim 1, in which the
detection means detects whether or not the gears are in
neutral in order to determine whether or not engine
power is drawn through the gearbox.

3. An apparatus as claimed in Claim 1 or Claim 2, in
which the apparatus comprises additionally means to
provide accessory condition signals representative of
one or more accessory operating parameters; and
accessory loss processing means to estimate expected
torque losses from accessories driven by the engine,
the accessory loss processing means receiving one or
more of the accessory condition sigmnals and estimating
therefrom the estimate of expected torque losses
external to the engine, said estimate being combined
with the expected torque losses internal tO the engine
in the summation by the summation means.

4. An apparatus as claimed in Claim 3, in which an
accessory is an automatic gearbox with a torque
converter which contributes to the external torque
losses.

5. An apparatus as claimed in any one of Claims 1 to
3, in which the gearbox is a manual transmission with a
clutch, and the detection means detects whether or not
the engine is disengaged from the gears by the clutch
in order to determine whether or not engine power is
drawn through the gearbox.

6. An apparatus as claimed in any preceding claim, in
which the torque loss correction value is averaged over
time prior to being stored in the adaptive memory.
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7. A motive means for a motor vehicle, comprising an
internal combustion engine and a gearbox from which
power may be drawn from the engine, comprising: a fuel
delivery system; an engine monitoring system; and an
apparatus as claimed in any one of Claims 1 to 6 for
quantifying the net torque produced by the engine, the
fuel delivery signal being provided by the fuel
delivery system and the engine condition signals
representative being provided by the engine monitoring

system.

8. A motive means as claimed in Claim 7, in which the
means to measure engine speed includes a toothed wheel
and sensor arrangement on the engine crankshaft which
provides a plurality of pulses for each revolution of
the engine, the means to measure engine acceleration
using these pulses as a measure of engine acceleration.

9. A motive means as claimed in Claim 7 or Claim 8,
in which the gearbox includes a sensor to detect if the
gear box is in neutral in order to determine whether ox
not engine power is drawn through the gearbox.

10. A motive means as claimed in any one of Claims 7
to 9, in which the gearbox includes a sensor to detect
if the gears are disengaged from the engine in order to
determine whether or not engine power is drawn through
the gearbox.

1l1. A method of quantifying the net torque produced by
an internal combustion engine from which power may be

drawn through a gearbox, comprising the steps of:

a) providing a fuel delivery signal
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representative of an amount of fuel supplied to
the engine;

b) providing engine condition signals
representative of a number of engine operating
parameters including engine temperature and engine
speeqd;

c) calculating a nominal gross torque produced
by the engine using one or more of said signals
including at least the fuel delivery signal;

d) estimating expected torque losses internal to
the engine using one or more of the engine
condition signals;

e) storing in an adaptive memory expected torgue
loss correction values dependent on at least one
of the engine operating parameters;

£) summing the nominal gross torgue, expected
torque losses and expected torque loss correction
to produce an expected net torque estimate of the
net torque produced by the engine;

a) determining whether or not engine power is
drawn through the gearbox;

h) measuring engine acceleration;

i) calculating an actual net torgue produced by
the engine from the measured engine acceleration;
3) generating a torgue loss correction value

from a difference between the expected net torque
estimate and the actual net torque; and

k) storing the torque loss correction value in
the adaptive memory if it is determined that
engine power is not being drawn through the
gearbox.

An apparatus for quantifying the net torgue

produced by an internal combustion engine from which
power may be drawn through a gearbox, substantially as
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herein described, with reference to the accompanying
drawings.

13. A motive means for a motor vehicle, substantially
as herein described, with reference to the accompanying

drawings.

14. A method of quantifying the net torque produced by
an internal combustion engine from which power may be
drawn through a gearbox, substantially as herein
described, with reference to the accompanying drawings.
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