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@ Electronic system for computing injection time.
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The present invention relates to an electronic
system for computing the fuel injection time of an
internal combustion engine.

Electronic systems for computing injection time
are known wherein an electronic microprocessor
system is supplied with a number of signals rela-
tive to parameters typical of an internal combustion
engine (e.g. air intake and/or pressure, position of
the throttle valve in the air intake manifold, air
intake temperature, engine cooling water tempera-
ture, battery voltage, efc..), and processes the sig-
nals to generate an oufput signal controlling the
fuel injection system.

Known computing systems take some time
(normally in the order of a few tens of milliseconds)
fo process all the incoming information signals, so
that, during transient operating states of the engine
(e.g. sharp acceleration), they fail to respond prom-
ptly to rapid variations in the input signals, thus
resulting in an inadequate output control signal.

Processing of the information signals may be
accelerated using faster microprocessors, but only
at the expense of increasing the fotal cost of the
computing system.

It is an object of the present invention to pro-
vide a low-cost electronic computing system de-
signed to enable high-speed processing.

According to the present invention, there is
provided an electronic system for computing the
fuel injection time of an internal combustion engine,
characterized by the fact that it comprises:

first computing means supplied with a number
of information signals (X1,..XN,Qt) measured in
said engine;

said first computing means generating at the
output an injection time (T) computed on the basis
of a characteristic (T=F(X1,... XN,Qt)) depending
on said information signals;

means for processing an expansion of said
characteristic (T =F(X1,..XN,Qt)), which expansion
is computed, as a function of a previously com-
puted injection time (T) and of a first value (Qt) of
at least one significant information signal used for
computing said injection time, about said first value
(Qt) of said significant signal;

second computing means supplied with said
expansion of said characteristic (T =F(X1,..XN,Qt))
and with a second value (Qt+ 1) of said significant
signal;

said second computing means generating at
the output an approximate injection time (Tn) com-
puted as a function of the expansion of said char-
acteristic (T=F(X1,..XN,Qt)) and of said second
value (Qt+ 1) of said significant signal.

A preferred, non-limiting embodiment of the
present invention will be described by way of ex-
ample with reference to the accompanying draw-
ings, in which:
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Figure 1 shows a circuit block diagram of an
electronic injection system in accordance with
the teachings of the present invention;

Figure 2 shows a logic block diagram of the
operations performed by the Figure 1 system.

Number 1 in Figure 1 indicates an electronic
injection time computing system in which an elec-
tronic control system 3 is connected to the injec-
tion control device 5 of a fuel injection system 7
(shown schematically) of an internal combustion
engine, in particular a vehicle petrol engine (not
shown). Electronic control system 3 comprises an
analog-digital interface 13; a central microproces-
sor unit 15; and an actuating interface 17 output-
connected by a number of control lines 20 to
injection control device 5. Analog-digital interface
13 presents a number of inputs 22a-22n connected
by respective lines 24a-24n to sensors 26a-26n in
the engine. More specifically, sensors 26a-26n
comprise, for example, a sensor for detecting air
intake temperature; a sensor for detecting the water
temperature of the engine cooling system (not
shown); a sensor for detecting the stoichiometric
composition of the exhaust gas; two sensors for
detecting the position of mechanical members (not
shown) on the engine (engine speed and stroke); a
sensor for detecting the voltage of the vehicle
battery (not shown); a sensor for detecting the
position of the throttle valve (not shown) in the
intake manifold; an intake air supply sensor; a
sensor for detecting the absolute pressure in the
intake manifold; and a sensor for detecting the
pressure inside the combustion chamber.

Analog-digital interface 13 presents an input 28
connected by a respective line 29 to a sensor 30
for generating an output signal correlated to an
engine parameter which, as explained later on, may
be said to be highly significant, and indeed the
most significant of the parameters detected by
sensors 26a-26n, for injection time computing pur-
poses. Sensor 30 may conveniently be formed by
the sensor for detecting air supply to the engine,
the position of the throttle valve in the intake mani-
fold, intake air pressure, the pressure inside the
combustion chamber, or any other parameter of
potential interest. Interface 13 also presents a num-
ber of outputs 32a-32n at which are present the
respective digital values X1,.XN of the signals
produced by sensors 26a-26n; and an output 36 at
which is present the digital value Qt of the signal
produced by sensor 30. Outputs 32a-32n are con-
nected to processing unit 15 by respective lines
34a-34n, and output 36 by line 37 to the input 40e
of a selecting device 40.

Processing unit 15 comprises a first computing
circuit 42 having a first input 43 connected by line
45 to a first output 40a of selecting device 40, and
further inputs 42a-42n connected respectively to
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lines 34a-34n. Circuit 42 also presents an output 47
connected by line 48 to a first input of actuating
interface 17, and comprises a number of algebraic
computing circuits (not shown) for producing a
characteristic T =F(X1,...XN,Qt) which, for the set of
values X1,..XN,Qt of the signals supplied to the
input of circuit 42, gives an output variable T repre-
senting an injection time. Unit 15 also comprises a
computing circuit 50 having two inputs 51, 52 con-
nected to lines 45, 48, and an output 54 connected
fo a second computing circuit 56.

At output 54, computing circuit 50 generates a
signal which is the quotient of the signals at inputs
52 and 51. The second computing circuit 56
presents an input 58 connected to a second output
40b of device 40, and an output 60 connected by
line 62 to a second input of interface 17, and
generates an output signal which is the product of
the signal at input 58 and the signal on line 54.

Operation of system 1 will now be described
with reference to the Figure 2 block diagram show-
ing the sequence of operations performed by elec-
tronic control system 3.

To begin with, in block 90, the content J of a
counter (not shown) is set to a value M (where M is
a whole number) according to logic operation:

J=M

Block 90 then goes on to block 110 controlling
selecting device 40. More specifically, in the event
the content of counter J equals M, input 40e of
device 40 is connected to output 40a, and block
110 goes on to block 101. Conversely, input 40e of
device 40 is connected to oufput 40b, and block
110 goes on to block 130. Block 101 provides, by
means of interface 13, for analog-digital conversion
of the signals generated by sensors 26a-26n and
sensor 30, and for storing the values X1,.. XN and
Qt of the signals in memory 13a (Figure 1). Block
101 then goes on to block 120, which provides for
reading in memory 13a the value Qt of the signal
generated by sensor 30. Block 120 is followed by
block 140 which provides for computing an injec-
tion time T on the basis of values X1,.. XN and Qt
of all the signals supplied to circuit 42. More spe-
cifically, time T is computed (in known manner) by
means of characteristic T=F(X1,..XN,Qt) of circuit
42,

Block 140 is followed by block 150 which pro-
vides for generating a coefficient K; which coeffi-
cient K is generated by circuit 50 on the basis of
the signals supplied to inputs 43 and 52, and as
the ratio between injection time T computed by
circuit 42 and the value Qt read by block 120,
according to the equation:

K=T/Qt
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Block 150 is followed by block 155 which re-
sets the content of counter J, and then goes on fo
block 160 where the injection time T computed in
block 140 is transferred to actuating interface 17,
which provides for opening the injectors (not
shown) according to the computed value T. At this
point, block 160 goes back to block 110. Block 130
increases the content of the counter by one unit
according fo operation J=J+1, and is followed by
block 170 in which is detected a sensor 30 signal
value Qt+1 subsequent to value Qt formerly used
for computing injection time T. Block 170 provides,
by means of interface 13, for analog-digital conver-
sion of the signal generated by sensor 30, and for
storing the value Qt+1 of the signal in memory
13a.

Block 170 is followed by block 180 where the
value Qt+1 detected in block 170 is supplied by
means of device 40 to circuit 56 which computes
an approximate injection time Tn by multiplying
value Qt+1 by the coefficient K computed in block
150, according to the equation:

Tn=KQt+1

The approximate injection time supplied by
circuit 56 is a linearization of the characteristic
T=F(X1,..XN,Qt) about value Qt assumed by the
variable at the last complete recomputation by
block 140, taking as a constant the contribution to
the variation produced by the other variables
X1,.XN. This is effected by means of an expan-
sion (fo the first term) of characteristic
T=F(1,..XN,Qt) according to the following type of
equation:

Tn = T° +d(Tyd(Qi)«Qt+1 - Qf)

If sensor 30 detects the quantity of air in the
intake manifold, the derivative is approximated with
the incremental ratio, so that, assuming T° =0:

Tn=T/Qt*Qt +1

i.e. Tn=K*Qt+1, which is precisely the expression
implemented by circuits 50 and 56 for approximat-
ing the characteristic.

Block 180 then goes on to block 160 where, via
line 62, the value Tn computed in block 180 is
transferred to actuating interface 17 which provides
for opening the injectors (not shown) according to
the computed value Tn.

The calculation in block 140, therefore, is effec-
ted relatively slowly by means of characteristic
T=F(1,..XN, Qt), whereas that of circuit 56 is
extremely fast by virtue of being reduced to a
single algebraic multiplication of coefficient K and
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value Qt +1 of the signal generated by sensor 30.

As such, injection time is initially computed
exactly (and fairly slowly) in block 140 by means of
circuit 42, and is subsequently approximated (at a
faster rate) M consecutive times by circuit 56.

For a given microprocessor, therefore, the
overall speed of system 1 is greater than that of
known systems.

System 1 is therefore also capable of "follow-
ing" even rapid transient operating states of the
engine; all of which advantages are achieved with
no need for more complex microprocessors, or for
increasing the capacity of the memories interacting
with the microprocessor.

System 1 is also easily implementable, even
on not particularly high-capacity microprocessors,
by virtue of employing straightforward algebraic
operations (division and multiplication).

To those skilled in the art it will be clear that
changes may be made to the system as described
and illustrated herein without, however, departing
from the scope of the present invention.

In particular, the parameter detected by sensor
30 and considered significant for injection time
computation purposes may be other than those
described by way of example, depending on the
type of parameters detected by the sensors as a
whole, and the type of performance demanded of
the engine. Moreover, as shown by the dotted line
in Figure 1, the number of sensors may be other
than as indicated. Finally, instead of a single pa-
rameter, a subset of engine parameters may be
employed as significant parameters for computing
approximate injection time.

Claims

1. An electronic system for computing the fuel
injection time of an internal combustion engine,
characterized by the fact that it comprises:

first computing means (42, 140) supplied
with  a number of information signals
(X1,..XN,Qt) measured in said engine;

said first computing means (42, 140) gen-
erating at the output an injection time (T) com-
puted on the basis of a characteristic
(T=F(X1,... XN,Qt)) depending on said infor-
mation signals;

means (50, 56, 150, 180) for processing an
expansion of said characteristic
(T=F(X1,..XN,Qt)), which expansion is com-
puted, as a function of a previously computed
injection time (T) and of a first value (Qt) of at
least one significant information signal used for
computing said injection time, about said first
value (Qt) of said significant signal;

second computing means (56, 180) sup-
plied with said expansion of said characteristic
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(T=F(1,..XN,Qt)) and with a second value
(Qt+1) of said significant signal;

said second computing means (56, 180)
generating at the output an approximate injec-
tion time (Tn) computed as a function of the
expansion of said characteristic
(T=F(1,..XN,Qt)) and of said second value
(Qt+1) of said significant signal.

A system as claimed in Claim 1, characterized
by the fact that said processing means com-
prise means (50, 56, 150, 180) for linearizing
said characteristic (T=F(X1,..XN,Qt)) about
said first value (Qt) of said significant signal.

A system as claimed in Claim 2, characterized
by the fact that said means (50, 56, 150, 180)
for linearizing said characteristic
(T=F(1,..XN,Qt)) process a coefficient (K)
computed as a function of a previously com-
puted injection time (T) and of said first value
(Qt) of said significant information signal; said
second computing means being supplied with
said coefficient (K) and with said second value
(Qt+1) of said significant signal; and said sec-
ond computing means generating at the output
an approximate injection time (Tn) computed
as a function of said coefficient (K) and of said
second value (Qt + 1) of said significant signal.

A system as claimed in Claim 3, characterized
by the fact that said processing means (50,
150) produce said coefficient (K) as the ratio
between said injection time (T) and said first
value (Qf) of said significant signal used for
computing said injection time (T).

A system as claimed in Claim 3, characterized
by the fact that said second computing means
(56, 180) generate said approximate injection
time (Tn) as the product of said coefficient (K)
and said second value (Qt+1) of said signifi-
cant signal.

A system as claimed in any one of the fore-
going Claims, characterized by the fact that it
comprises selecting means (40, 110) for se-
lecting said first computing means (42, 140) or
said second computing means (56, 180) for
supplying injection actuating means (160) with
said injection time (T) computed by said first
means or with said approximate injection time
(Tn).

A system as claimed in any one of the fore-
going Claims, characterized by the fact that
said significant signal is relative to at least one
parameter  selectable from among the



7 EP 0 625 635 A1

stoichiometric composition of the exhaust gas,

engine speed, the pressure inside the combus-

tion chamber, battery voltage, the position of

the throttle valve in the intake manifold, air

intake, and the absolute pressure in the intake 5

manifold.
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