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(57) A method for fuel injector installation in an en-
gine comprises the steps of determining fuel injector pa-
rameters specific to a particular fuel injector based on
test performance data; associating the fuel injector pa-
rameters specific to the particular fuel injector in a ma-
chine readable format; and installing the fuel injector in
an engine and retrieving and transferring the associated
fuel injector parameters into a control unit of said engine.

The control unit is configured to receive, for each fuel
injector to be installed in said engine, fitting information
relative to a predetermined, stored set of segments of a
predetermined master performance curve, wherein each
segment corresponds to a distinct, operating injector
pulse width range; and the fitting information relative to
the stored set of segments is comprised in the fuel injector
parameters in machine readable format that are associ-
ated with the particular fuel injector.
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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to fuel injection systems for combustion engines, and more particularly
to a method and system for installing fuel injector parameters that are specific to a particular fuel injector in an engine
controller when installing a fuel injector.

BACKGROUND OF THE INVENTION

[0002] A proper operation of a fuel-injected engine requires that the fuel injectors and their controller allow for a timely,
precise and reliable fuel injection. Indeed, it is well known that problems arise when the performance, or more particularly
the timing, and the quantity of fuel delivered by the injectors diverge beyond acceptable limits. For example, injector
performance deviation or variability will cause different torques to be generated between cylinders due to unequal fuel
amounts being injected, or from the relative timing of such fuel injection.
[0003] These problems have been addressed in various ways by automotive manufacturers. One straight forward
approach is to simply adhere to rigid manufacturing and test procedures to assure each injector meets a rigid desired
design specification. Unfortunately, the increased manufacturing and assembly costs and the low yield of acceptable
units makes this approach undesirable.
[0004] In order to take into account the specificities of a fuel injector at installation into an engine, it has been proposed
to associate to a given fuel injector a number of performance parameters of the latter. These performance parameters
are e.g. encoded in a bar code applied to the injector, so that the performance parameters can be retrieved by a bar
code scanner at the time of installation in the engine and transferred to the ECU.
[0005] Such method for fuel injector parameters installation is e.g. described in US 7,136,743. Stored in the engine
ECU is a third-order polynomial for each fuel injector. Injectors to be installed in the engine have been previously flow
tested, e.g. on their production site. And injector specific coefficients for the characteristic third-order polynomial were
determined from the test data and encoded in a bar code packaged with or applied on the injector. On the engine
assembly site, the injector is assembled in the engine and a transfer device comprising a bar code reader is used to
retrieve the injector specific coefficients and to transfer them into the ECU. In the ECU, these coefficients are thus used
as coefficients of the characteristic third-order polynomial for injection control in the cylinder in which this specific injector
is mounted.
[0006] Unfortunately, as mentioned in US 7,136,743, advanced complex fuel injectors do not have easily predictable
fuel versus pulse width curves and complex equations are necessary to better fit these curves. While this is possible
from the mathematical point of view, increased complexity of equations requires more resources from the ECU and
slows down the operation of the ECU.

OBJECT OF THE INVENTION

[0007] The object of the present invention is to provide an improved method for installing fuel injector specific param-
eters in an engine.
[0008] This object is achieved by a method as claimed in claim 1.

SUMMARY OF THE INVENTION

[0009] The present invention relies on a different characterization of injector flow performances, which involves splitting
an injector performance curve into several segments, each corresponding to a respective range of pulse width. Through
this segmentation, complex curves can be split into curves that can be characterized by less complex equations, for
example polynomials of lower order.
[0010] Accordingly, in the present method a master performance curve (fuel flow vs. pulse width) that is representative
of the performance of a population of injectors is built based on experimentation. This master curve is then split into
segments and an equation fitting the master curve within each segment is determined.
[0011] The customization of the injection control is achieved by associating with each fuel injector to be mounted in
the engine a set of parameters specific to this fuel injector in a machine readable format, wherein the set of parameters
comprise fitting information for each segment . These parameters are determined from performance data obtained by
flow testing. Flow tests can be carried out individually for each injector or in a statistical manner for groups of fuel injectors
(e.g. a group of fuel injectors is selected, one injector is flow tested and the performance data are used for every injector
in the group).
[0012] At the time of installing a fuel injector in the engine, the associated parameters specific to the fuel injector are
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retrieved and transferred to the ECU, so that the injector specific information can be used for injection control.
[0013] The present method is of particular interest for modern fuel injectors, which despite their advanced technology,
do not provide easily predictable operating characteristics. Indeed, while varying the pulse width of a control signal may
be used to vary the amount of fuel that an injector delivers to a cylinder (referred to as fuel flow or flow rate), a performance
curve of such injector cannot be accurately defined by a second-order polynomial and requires a more complex math-
ematical analysis and definition in order to characterize the flow performance over the full operating range.
[0014] However, by splitting the performance curve into segments, as provided by the present method, less complex
equations can be used for every segment. Typically, equations comprising first- or second-order polynomials are sufficient
to characterize (describe) the master curve within each segment. In the ECU, the use of less complex equations is
clearly less demanding in terms of resources required for the injection control.
[0015] Upon transfer of the injector specific parameters into the ECU, an operational performance curve may be built
based on the stored set of equations and these parameters.
[0016] Preferably, each segment of the master performance curve is initially fitted by a polynomial, and the injector
specific information transferred and stored into the ECU reflect polynomials of same order.
[0017] Relying on the polynomial approach, the determination of specific fuel injector parameters based on the obtained
performance data preferably implies determining for each segment a set of injector specific coefficients of a polynomial
of same order that fits the test performance data.
[0018] In one embodiment, an operational performance curve is built based on the master performance curve, previ-
ously stored in the ECU, but corrected by the segment specific polynomials with corresponding differential coefficients,
wherein the differential coefficients are calculated as the difference between the master coefficients of a segment (i.e.
the coefficients of the polynomial fitting a segment of the master performance curve) and the coefficients of a polynomial
of same order fitting the injector test performance data.
[0019] The use of such operational performance curve in the ECU for each injector allows taking into account the
injector specific variations in the overall performance of the injector (given by the master curve). This provides a more
accurate control than using the injector specific test performance data alone.
[0020] In this embodiment, the differential coefficients may be calculated in the ECU, however they are preferably
calculated at the injector production site and the differential coefficients are comprised in the parameters associated
with each fuel injector for delivery at the engine assembly site.
[0021] The injector specific parameters are advantageously encoded into optically readable indicia, such as a bar
code, e.g. a multi-dimensional bar code. The bar code may be disposed on a tag applied to the injector or loosely
packaged therewith. Retrieval of the parameters can thus be easily carried out by means of a transfer device with bar
code scanner capable of decoding the bar code indicia and of transferring the coefficients to the ECU. Communication
between the transfer system and the ECU may use a wired connection or be wireless. Any other appropriate way of
associating injector specific performance parameters to an injector may be used, provided it can be retrieved by a
machine. For example, a transportable computer readable medium such as a non-volatile memory (such as an EEPROM)
or disk with the injector specific performance parameters stored therein can be packaged with the fuel injector.
[0022] As it is clear to those skilled in the art, the transfer of the injector parameter to the ECU belongs to the installation
procedure of the injector in the engine. In practice, the transfer of the parameters may occur before, during or after the
actual mounting of the injector in the engine. What matters is that injectors are delivered at the assembly site with injector
specific parameters readily accessible and transferable to the ECU so that these parameters can be attributed to the
injector of a given cylinder and used for its control.
[0023] The specific parameters associated with a particular fuel injector may also comprise a serial number, injector-
type and/or other information related to the production of the injector. These parameters may be used for further control
in the ECU, as desired.
[0024] According to another aspect of the invention, there is provided a system for fuel injector installation in an engine
as recited in claim 9.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present invention will now be described, by way of example, with reference to the accompanying drawings,
in which:

FIG. 1: is a graph showing the master performance curve and measured flow points of a population of fuel injectors
as well as the segmentation principle of these curves;

FIG.2: is a zoom of Fig.1 in the 0.2 to 0.65 ms pulse width band;

FIG.3: is a graph showing, in the 0.2 to 0.65 ms pulse width band, the master performance curve, measured injector
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flow points and the reconstructed operational flow curve.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

[0026] A preferred embodiment of the present method will now be described with respect to the attached drawings,
the segmentation step being performed using polynomial fittings.
[0027] As it will be understood, in order to be able to take into account injector specific parameters at the time of
assembly in an engine, the injector control system must be designed as a coherent system, which means that engine
programming (in the ECU) will be designed accordingly.
[0028] Fig.1 illustrates a master performance curve, i.e. graph of fuel flow vs. pulse width, representative of a fuel
injector population, typically injectors produced in accordance with a same manufacturing technology (same construc-
tion). The master performance curve is preferably statistically representative of the injector population and has been
obtained by detailed flow test of injectors over the full range of pulse widths.
[0029] As can be seen, the shape of the master performance curve is rather complex and can only be globally described
by an equation comprising at least a third-order polynomial, and typically higher. Such flow behavior has become common
nowadays, especially with advanced fuel injectors.
[0030] One aspect of the present method comprises the step of splitting of the master curve into several segments.
This is preferably done by identifying curve segments that can be fitted with low-order polynomials, preferably not greater
than second-order polynomials. The mathematical fitting methods may use a conventional "root min square" optimization
criteria.
[0031] The result of the segmentation step of the master performance curve can be better seen in Fig.1, where thick
lines P1 to P4 indicate four curves fitting each a respective segment S1..S4 of the master curve 10, i.e. portions of the
curve (flow values) corresponding to a respective, distinct range of pulse widths (the segments do not overlap). Once
these segments have been determined for the master performance curve 10, which results in a given number of segments,
the type of equation that characterizes each segment (here the order of the polynomial) and the corresponding pulse
width range, these data will be used as base data in the method.
[0032] With respect to the master curve of Fig.1, the first three segments S1 to S3 are considered to be satisfactorily
fitted with a second-order polynomial while the last segment S4 is fitted by a first order polynomial. One may note that
segments do preferably not overlap to minimize fitting errors. Table 1 below summarizes the characteristics of the
segmentation (variable x being the pulse width).

[0033] The coefficients a0_1 a1_1 and a2_1 of the polynomials characterizing the master curve 10 are called master
coefficients.
[0034] The segmentation principle being set for this fuel injector population, the ECU is programmed accordingly.
Preferably, the master curve is stored in the ECU. Segment information is also stored in the ECU: for each segment,
the corresponding pulse width range is indicated, as well as the equation that characterizes the master curve segment.
Initially, the equations may be stored in the ECU with the master coefficients.
[0035] The fuel injector specific parameters are derived from flow tests for each injector or for a sub-group of injectors.
Preferably, each injector is flow tested in each segment, taking a number of test points sufficient to determine the
coefficients of a polynomial fitting the performance data and being of the same order as the polynomial describing the
master curve. This is summarized in table 2 below, which indicates for each segment the pulse width range, the equation
with the coefficients and the minimum number of test points per segment. Fig.2 shows for the second and third segments
S2 and S3 the characteristic polynomials, where bold line Pi indicate the curve corresponding to the equation fitting the
master curve and bold line Pi’ indicates the curve corresponding to the equation fitting the flow test points.

Table 1

Segment Pulse band width (ms) Equation

S1 0.14 - 0.22 a0_1+a1_1+a2_1x2

S2 0.24 - 0.40 a0_2+a1_2x+a2_2x2

S3 0.45-0.62 a0_3+a1_3x+a2_3x2

S4 From 0.68 on a0_4+a1_4x
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[0036] These injector specific coefficients b1_1 could directly be used in the ECU to control the injection. However,
since their determination is based on a reduced number of experimental points, another approach is preferred.
[0037] According to a preferred aspect of the present method, an operational performance curve is rebuilt in the ECU
based on the master performance curve, stored therein, the latter curve being corrected to take into account the injector
specific coefficients. In this embodiment, the master curve is in fact corrected by taking into account the deviation of the
injector equation from the equation fitting the master curve.
[0038] This is done by adding, for each segment, the master curve to a polynomial of differential coefficients, i.e. a
polynomial whose coefficients correspond to the difference between the master coefficients and the injector specific
coefficients. For segment S1, this can be written as:

Operational performance curve = master performance curve + (A0+A1x+A2x2) where A0=a0_1-b0_1; A1=a1_1-b1_1;
A2=a2_1-b2_1 and x is the band width.

Hence, the performance parameters provided in machine readable format with each injector to be installed in the
engine preferably simply comprise this set of differential coefficients for each predetermined segment. These pa-
rameters can be provided as optically readable indicia, e.g. encoded in a bar code that is applied on the injector
itself or on a tag package with the injector. The specific parameters can also be provided on a computer readable
medium, and actually in any appropriate form for retrieval by a machine and transfer into the ECU.

[0039] Turning now to Fig.3, there is shown the reconstructed operational curve, indicated 12, for the second segment
S2 and the third segment S3.
[0040] It is to be appreciated that correcting the master curve 10 by the means of a polynomial of the differential
coefficients leads to an improved injection control, since the master curve 10 is built from a large amount of data and
more reliable than the few test data obtained from the specific injector.
[0041] In practice, the master performance curve may be stored in the ECU as a two-dimensional table comprising a
predetermined number of pulse width values and fueling values, and this for each required injector. The operational
performance curve is then also a two-dimensional table with same pulse width values, but for each pulse width value,
a fueling value is computed by adding the fueling value of the master curve to a computed value of equation A0+A1x+A2x

2.
[0042] These calculations are done at injector installation.
[0043] The resulting operational performance curve may then be used by in a conventional way by the ECU, i.e. the
ECU may look up for a pulse width value corresponding to a desired fuel quantity, as determined for a given load request.
As usual, the table look up procedure can use interpolation.

Claims

1. A method for fuel injector installation in an engine, comprising the steps of:

a) obtaining performance data specific to a particular fuel injector;
b) determining fuel injector parameters specific to said particular fuel injector based on the obtained performance
data;
c) associating said fuel injector parameters specific to said particular fuel injector in a machine readable format;
d) installing said fuel injector in an engine and retrieving and transferring
the associated fuel injector parameters into a control unit of said engine;
characterized in that
said control unit is configured to receive, for each fuel injector to be installed in said engine, fitting information
relative to a predetermined, stored set of segments of a predetermined master performance curve, wherein
each segment corresponds to a distinct, operating injector pulse width range; and

Table 2

Segment Pulse width band (ms) Equation Required test points

S1 0.14 - 0.22 b0_1+b1_1x+b2_1X
2 3

S2 0.24-0.40 b0_1+b1_2x+b2_2X
2 3

S3 0.45-0.62 b0_3+b1_3x+b2_3X
2 3

S4 From 0.68 on b0_4+b1_4x 2
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said fitting information relative to said stored set of segments is comprised in said fuel injector parameters in
machine readable format that are associated with said particular fuel injector.

2. The method according to claim 1, wherein said control unit has stored therein, for each fuel injector to be installed
in said engine, a predetermined set of equations that are each associated with a respective segment of said pre-
determined master performance curve; and said information comprises coefficients for the set of equations asso-
ciated with the particular fuel injector being installed.

3. The method according to claim 2, wherein upon transfer of said coefficients into the ECU, an operational performance
curve is built based on said stored set of equations and said coefficients.

4. The method according to any one of the preceding claims, wherein said method involves:

acquiring a master performance curve based on experimentation,
segmenting said master performance curve;
determining for each segment a characteristic equation fitting the segment.

5. The method according to claim 4, wherein:

the characteristic equation of each segment comprises a polynomial defined by master coefficients;
step b) implies determining, for each segment of the master performance curve, the injector specific coefficients
of a polynomial of same order fitting test performance data;
and wherein the fitting information comprised in said fuel injector parameters specific include differential coef-
ficients calculated, for each segment, as the difference between the respective master coefficients and specific
coefficients.

6. The method according to claim 5, wherein said predetermined master performance curve is stored in said control
unit, and in that upon transfer of said parameters into said control unit, an operational performance curve is built
based on said stored master performance curve corrected by the segment specific polynomials using the corre-
sponding differential coefficients.

7. The method according to any one of the preceding claims, wherein said fuel injector parameters are encoded into
optically readable indicia or a transportable computer readable medium.

8. The method according to any one of the preceding claims, wherein said fuel injector parameters are encoded into
a bar code applied to and/or packaged with said fuel injector.

9. A system for fuel injector installation in an engine, comprising a fuel injector and associated fuel injector parameters
specific to said fuel injector provided in a machine readable format;
means for retrieving said fuel injector parameters and for transferring the latter to a control unit of said engine;
wherein said control unit is configured to receive for each fuel injector to be installed in said engine, information
relative to a predetermined, stored set of segments of a predetermined master performance curve corresponding
to said injector, and
said information relative to said stored set of segments is comprised in said fuel injector parameters in machine
readable format that are associated with said particular fuel injector.
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