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(54) SYSTEM AND METHOD FOR ADJUSTING FUEL INJECTION CHARACTERISTIC OF AN 
ELECTRONICALLY FUEL INJECTED COMBUSTION ENGINE

(57) A system for adjusting fuel injection character-
istic of an electronically fuel injected combustion engine
(100), comprising a conversion control assembly (200).
A conversion control unit (201) is configured to determine
applicable ethanol conversion instructions correspond-
ing to fuel ethanol content in accordance with an ethanol
conversion map, and to determine applicable optimiza-
tion correction instructions corresponding to current en-
gine speed and engine load, in accordance on an opti-
mization map. The conversion control unit (201) is further
configured to apply applicable ethanol conversion in-
structions and applicable optimization correction instruc-
tions to the original injector pulse signal (110a) so as to
obtain a corrected injector pulse signal (204a), and trans-
mit the corrected injector pulse signal (204a) to the fuel
injectors (101). The conversion control unit (201) is fur-
ther configured to determine engine speed and engine
load based on original injector control signal (110a) pro-
duced by an ECU of the engine.
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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure is related to a system
and method for adjusting the amount of fuel injected into
a combustion cylinder of an electronically injected com-
bustion engine. More particularly, the present disclosure
concerns such a system and method, in which the
amount of fuel is adjusted based on both an ethanol con-
tent of the fuel and on a separate optimization map, which
can be provided for achieving desired operational char-
acteristic of the combustion engine.

BACKGROUND OF THE DISCLOSURE

[0002] Commercially available ethanol conversion kits
conventionally have an ethanol sensor determining eth-
anol content of the fuel and a control unit through which
an injector signal from the ECU is transmitted to the fuel
injectors. Typically, the duration of the injector pulse sig-
nal is increased based on how much ethanol the fuel
contains, so as to compensate for the smaller energy
content of ethanol.
[0003] Some of the commercially available kits provide
further possibilities to control the fuel injection character-
istics. To this end, additional wiring between the control
unit and sensors of the engine is provided so as to obtain
information regarding engine speed and load. In such a
case the control unit is wired typically to a crankshaft
position sensor and a sensor indicative of engine load
(e.g., MAP, MAF, TPS).

BRIEF DESCRIPTION OF THE DISCLOSURE

[0004] An object of the present disclosure is to provide
a system and a method for adjusting fuel injection char-
acteristics of an electronically fuel injected combustion
engine, allowing improved ease of installation, while si-
multaneously achieving ethanol conversion and engine
optimization capabilities.
[0005] The object of the disclosure is achieved by a
system and a method, which are characterized by what
is stated in the independent claims. The preferred em-
bodiments of the disclosure are disclosed in the depend-
ent claims.
[0006] The disclosure is based on the idea of deter-
mining engine load and engine speed based on an orig-
inal injector pulse signal generated by the ECU, as op-
posed to directly obtaining information of engine load end
engine speed from corresponding separate sensors,
such as ones already included in the combustion engine.
[0007] An advantage of arrangements according to the
present disclosure is that the need for separate, dedicat-
ed wiring or other communication regarding the engine
load and engine speed is eliminated.
[0008] According to a first aspect of the present disclo-
sure, a system for adjusting fuel injection characteristic

of an electronically fuel injected combustion engine is
provided. The system comprises an electronically fuel
injected combustion engine.
[0009] Such an electronically fuel injected combustion
engine, in turn, comprises fuel injectors for injecting fuel
into respective combustion cylinders of the combustion
engine. Most suitably, the engine and fuel injectors are
ones intended for uses with gasoline fuel. For example,
the fuel injectors may be provided as any of the conven-
tional arrangements including a direct injection system
or an indirect injection system.
[0010] The engine further comprises an engine speed
sensor configured to produce an engine speed signal
indicative of engine speed. For example, such an engine
speed sensor may be provided as any of the conventional
arrangements, including a crankshaft speed or position
sensor of well-known types in the art, and a camshaft
speed or position sensor of well-known types in the art.
[0011] The engine further comprises at least a manifold
air sensor configured to produce a manifold air signal
indicative of engine load. For example, such a sensor
could be provided as a manifold air pressure sensor,
mass airflow sensor or a throttle position sensor.
[0012] The engine further comprises an ECU unit op-
erationally coupled to said engine speed sensor, mani-
fold air sensor and fuel injectors. Particularly, the ECU
unit is configured to generate original injector pulse sig-
nals, at least during an open-loop control mode, so as to
control fuel injector timing and duration in accordance
with a pre-determined fuel map based on at least the
engine speed signal and the manifold air signal.
[0013] The system further comprises a conversion
control assembly, which in turn comprises a conversion
control unit and a memory storage unit. For example, the
conversion control unit may comprise a microprocessor
coupled or integrated to the memory storage unit. More-
over, the memory storage unit comprises computer read-
able instructions embodied thereon, executable by the
conversion control unit. The execution of the instructions
by the conversion control causes it to perform adjustment
fuel injection characteristic of an electronically fuel inject-
ed combustion engine, as described in more detail here-
after.
[0014] The conversion control assembly further com-
prises an ECU connector operationally coupled to the
conversion control unit and configured to receive original
injector pulse signals form the ECU unit. Preferably, the
ECU connector comprises one or more suitable plugs or
sockets, which can be coupled to an output of the ECU
unit, so as to receive the original injector pulse signals
generated by the ECU. Suitably, the ECU connector also
comprises respective wiring for conducting the original
injector pulse signals to the conversion control unit.
[0015] The conversion control assembly further com-
prises an injector connector operationally coupled to the
conversion control unit and configured to transmit cor-
rected injector pulse signals from the conversion control
unit to the fuel injectors. Preferably, the injector connector
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comprises one or more suitable plugs or sockets, which
can be coupled to respective inputs of the fuel injectors
so as to conduct the corrected injector pulse signals to
the fuel injectors. Suitably, the injector connector also
comprises respective wiring for conducting the corrected
injector pulse signals form the conversion control unit.
[0016] The conversion control assembly further com-
prises a fuel ethanol sensor operationally coupled to the
conversion control unit and configured to produce a fuel
ethanol signal indicative of fuel ethanol content. For ex-
ample, such a fuel ethanol sensor may be provided in
connection with a fuel line feeding the fuel injectors. Suit-
ably, the fuel ethanol sensor may comprise respective
wiring for conducting the fuel ethanol signal to the con-
version control unit.
[0017] Particularly, an ethanol conversion map is
stored in the memory storage unit. The ethanol conver-
sion map comprises ethanol conversion instructions cor-
responding to various fuel ethanol contents. That is, such
ethanol conversion instructions indicate how much the
conversion control unit increases durations of the original
injector pulses, based on fuel ethanol content, so as to
compensate for the lower energy content of ethanol. In
practise, such ethanol conversion instructions may be
provided, for example, as a table indicating a duration
increase as percentage of or multiplier coefficient for an
original injector pulse duration for various fuel ethanol
contents.
[0018] Moreover, an optimization map is stored in the
memory storage unit. The optimization map comprises
optimization correction instructions corresponding to
specific engine speeds and engine loads. That is, such
optimization instructions indicate how much the conver-
sion control unit alters durations of the original injector
pulses, based on engine speed and engine load, so as
to adjust fuel injection characteristics in a desired man-
ner. In practise, such optimization instructions may be
provided as a table comprising a first axis having columns
corresponding to engine speed, a second axis having
rows corresponding to engine load, and cells correspond-
ing to intersections of the rows and columns.
[0019] For example, engine load on the first axis may
be represented as durations of original injector pulse sig-
nals, or as percentage of full load. In a similar manner,
engine speed on the second axis may be represented,
e.g., as periods of original injector pulse signals, frequen-
cy of original injector pulse signals or as revolutions of
the crankshaft per minute (RPM).
[0020] Each cell may indicate a duration change (e.g.,
as a percentage of or a multiplier coefficient for an original
injector pulse signal, or as an absolute value of duration
change), for various combinations of engine load and
engine speed. The cell values of the optimization map
may be provided so as to achieve desired fuel injection
characteristics, e.g., one or more of improved fuel effi-
ciency, improved power output, improved torque output,
a more even power or torque output throughout engine
speed, optimizing power or torque output for a given en-

gine speed, etc.
[0021] Furthermore, the conversion control unit is con-
figured to

obtain the original injector pulse signal via the ECU
connector;

obtain the fuel ethanol signal from the fuel ethanol
sensor;

determine applicable ethanol conversion instruc-
tions corresponding to the fuel ethanol content based
on the ethanol conversion map;

determine applicable optimization correction instruc-
tions corresponding to current engine speed and en-
gine load, based on the optimization map;

apply applicable ethanol conversion instructions and
applicable optimization correction instructions to the
original injector pulse signal so as to obtain a cor-
rected injector pulse signal, and

transmit the corrected injector pulse signal to the fuel
injectors via the injector connector.

[0022] Particularly, the conversion control unit is fur-
ther configured to determine engine speed based on a
period between successive original injector pulse sig-
nals, and to determine engine load based on a duration
of the original injector control signal.
[0023] That is, the conversion control assembly is able
to determine both engine speed and engine load base
on the original injector pulse signal. Consequently, in-
stallation of such a system is greatly facilitated, as it elim-
inates the need for separate connectors and/or wiring
associated to the engine speed sensor and manifold air
sensor.
[0024] In an embodiment according to the first aspect
of the present disclosure, the system further comprises
a user device operationally coupled to the conversion
control unit. For example, such a user device may be
provided as dedicated device, or alternatively, as a per-
sonal computer or a mobile device. Such a personal com-
puter or mobile device may be installed with dedicated
software so as to be configured to perform functionalities
discussed in more detail below. Moreover, the user de-
vice may be couped to the conversion control unit with a
wired or wireless connection. The conversion control as-
sembly may then be additionally provided with a corre-
sponding interface for establishing communication with
the user device.
[0025] Moreover, the system is configured to execute
an engine load calibration cycle. Such an engine load
calibration cycle may be initiated either by a user or the
system itself. During the engine load calibration cycle,
the system is further configured to send an idle load re-
quest via the user device and receive an idle load ac-
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knowledgement via the user device. For example, the
idle load request may be displayed as a message on the
user device, prompting the user run the engine at idle
load, suitably for a given period of time. Subsequently,
the idle load acknowledgement could be sent by the user
with the user device. The system is further configured to
identify a minimum original injection pulse duration from
original injection pulse signals received via the ECU con-
nector between the idle load request and the idle load
acknowledgement
[0026] During the engine load calibration cycle, the
system is also configured to send a full load request via
the user device, and to receive a full load acknowledge-
ment via the user device. In a similar manner, the full
load request may be displayed as a message on the user
device, prompting the user run the engine at full load,
suitably execute one or more full throttle acceleration with
the associated vehicle. Subsequently, the full load ac-
knowledgement could be sent by the user with the user
device. The system is further configured to identify a max-
imum original injection pulse duration from original injec-
tions pulse signals received via the ECU connector be-
tween the full load request and the full load acknowledge-
ment.
[0027] It should be noted that the idle load request and
the full load request need not be separate requests but
may be sent jointly as a single request. Correspondingly,
the idle load acknowledgement and the full load acknowl-
edgement need not be separate acknowledgements but
may be sent jointly as a single acknowledgement.
[0028] The conversion control unit is then configured
to determine, advantageously during normal operation
of the engine, engine load based on the duration of the
original injector control signal with relation to the mini-
mum original injector pulse duration and the maximum
original injector pulse duration. That is, the engine load
calibration allows the system to determine durations of
original injector pulse signals corresponding to an idle
load and full load, respectively, which are specific to the
engine and associated equipment being used. Conse-
quently, such an arrangement allows the system to de-
termine engine load more precisely without the need for
additional connectors and/or wiring associated to the
manifold air sensor.
[0029] Preferably, but not necessarily, during the en-
gine load calibration cycle, the system is further config-
ured to determine an engine specific load range between
an idle load corresponding to the minimum original injec-
tor pulse duration and a full load corresponding to the
maximum original injector pulse duration. Based on the
determined engine specific load range, the system is fur-
ther configured to modify the optimization map, such that
engine loads of the optimization map are normalized with
respect to the engine specific load range.
[0030] Consequently, the optimization map can be
adapted to match the spectrum of original injector pulse
signal durations corresponding to the specific engine and
associated equipment being used. That is, the engine

load columns of the optimization map may be scaled to
match the load range.
[0031] For example, a column of the optimization map
corresponding to minimum engine load could be associ-
ated with the original injector pulse signal duration cor-
responding to idle load, whereas a column of the optimi-
zation map corresponding to full engine load could be
associated with the original injector pulse signal duration
corresponding to full load. This ensures that all of the
engine load columns in the optimization map reside with-
in the operating region of the specific engine, i.e., no col-
umns of the optimization map are wasted. The remaining
columns residing between the idle load column and the
full load column could then be scaled, e.g., by evenly
spacing apart or by being set at predetermined intervals.
This, in turn, allows for improved resolution of the opti-
mization map with regard to engine load, and provides
for more accurate optimization of injector characteristics.
[0032] It should be noted that any one of identifying
the minimum and maximum original injector pulse dura-
tions, determining engine specific load range, and mod-
ifying the optimization maps may be performed either by
the conversion control unit, the user device, or jointly by
both. Moreover, further modification of the optimization
map may naturally be performed by the user.
[0033] Preferably, but not necessarily, the system is
further configured to execute an engine speed calibration
cycle. Such an engine speed calibration cycle may be
initiated either by a user or the system itself. During the
engine speed calibration cycle, the system is further con-
figured to send an idle speed request via the user device
and to receive an idle speed acknowledgement via the
user device. For example, the idle speed request may
be displayed as a message on the user device, prompting
the user run the engine at idle speed, suitably for a given
period of time. Subsequently, the idle speed acknowl-
edgement could be sent by the user with the user device.
The system is further configured to identify a minimum
engine speed from a longest period between successive
original injector pulse signals received via the ECU con-
nector between the idle speed request and the idle speed
acknowledgement.
[0034] During the engine speed calibration cycle, the
system is also configured to send a full speed request
via the user device, and to receive a full speed acknowl-
edgement via the user device. In a similar manner, the
full speed request may be displayed as a message on
the user device, prompting the user run the engine at full
speed. Subsequently, the full speed acknowledgement
could be sent by the user with the user device. The sys-
tem is further configured to identify a maximum engine
speed from a shortest period between successive origi-
nal injector pulse signals received via the ECU connector
between the full speed request and the speed load ac-
knowledgement.
[0035] It should be noted that the idle speed request
and the full speed request need not be separate requests
but may be sent jointly as a single request. Correspond-
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ingly, the idle speed acknowledgement and the full speed
acknowledgement need not be separate acknowledge-
ments but may be sent jointly as a single acknowledge-
ment.
[0036] Moreover, the requests associated to the en-
gine load calibration cycle and the engine speed calibra-
tion cycle may be sent jointly, and correspondingly, the
acknowledgements associated to the engine load cali-
bration cycle and the engine speed calibration cycle may
be sent jointly. That is, the engine load calibration cycle
and the engine speed calibration cycle may be performed
simultaneously.
[0037] Further during the engine speed calibration cy-
cle, the system is configured to determine an engine spe-
cific speed range between an idle speed corresponding
to the minimum engine speed and a full speed corre-
sponding to the maximum engine speed. The system is
also configured to modify the optimization map such that
engine speeds of the optimization map are normalized
with respect to the engine specific speed range.
[0038] Consequently, the optimization map can be
adapted to match the spectrum of original injector pulse
signal periods corresponding to the specific engine and
associated equipment being used. That is, the engine
speed rows of the optimization map may be scaled to
match the engine speed range.
[0039] For example, a row of the optimization map cor-
responding to minimum engine speed could be associ-
ated with the original injector pulse signal period corre-
sponding to idle speed, whereas a row of the optimization
map corresponding to full engine speed could be asso-
ciated with the original injector pulse signal period cor-
responding to full speed. This ensures that all of the en-
gine speed rows in the optimization map reside within
the operating region of the specific engine, i.e., no rows
of the optimization map are wasted. The remaining rows
residing between the idle speed row and the full speed
row could then be scaled, e.g., by evenly spacing apart
or being set at predetermined intervals. This, in turn, al-
lows for improved resolution of the optimization map with
regard to engine load, and provides for more accurate
optimization of injector characteristics.
[0040] It should be noted that any one of the identifi-
cation of the minimum and maximum engine speeds, de-
termination of the engine speed range and the modifica-
tion of the optimization map may be performed either by
the conversion control unit, the user device, or jointly by
both. Moreover, further modification of the optimization
map may naturally be performed by the user.
[0041] It should be noted that the first aspect of the
present disclosure encompasses any combination of two
or more embodiments, or variants thereof, as discussed
above.
[0042] According to a second aspect of the present
disclosure, a method for adjusting fuel injection charac-
teristic of an electronically fuel injected combustion en-
gine is provided. Most suitably, the engine and fuel in-
jectors are ones intended for use with gasoline fuel.

[0043] The method comprises a step of providing a
conversion control assembly, which conversion control
assembly, in turn, comprises a conversion control unit a
memory storage unit an ECU connector an injector con-
nector, and a fuel ethanol sensor operationally coupled
to the conversion control unit and configured to produce
a fuel ethanol signal indicative of fuel ethanol content.
The conversion control unit has been discussed in more
detail above in connection to the first aspect of the
present disclosure.
[0044] The method further comprises a step of opera-
tionally coupling the conversion control unit and the ECU
unit with the ECU connector, so as to enable the conver-
sion control unit to receive original injector pulse signals
from the ECU unit. For example, this could be done by
coupling the ECU connector (or plugs/sockets associat-
ed thereto) to an injector output of the ECU unit.
[0045] The method further comprises a step of opera-
tionally coupling the conversion control unit and the fuel
injectors with the injector connector, so as to enable the
conversion control unit to transmit corrected injector
pulse signals to the fuel injector. For example, this could
be done by coupling injector connector (or plugs/sockets
associated thereto) with corresponding inputs of the fuel
injectors.
[0046] The method further comprises a step of provid-
ing an ethanol conversion map stored in the memory stor-
age unit, the ethanol conversion map comprising ethanol
conversion instructions corresponding to various fuel
ethanol contents. The ethanol conversion map and the
ethanol conversion instructions have been discussed in
more detail above, in connection with the first aspect of
the present disclosure.
[0047] The method further comprises a step of provid-
ing an optimization map stored in the memory storage
unit, the optimization map comprising optimization cor-
rection instructions corresponding to specific engine
speeds and engine loads. The optimization map and the
optimization instructions have been discussed in more
detail above, in connection with the first aspect of the
present disclosure.
[0048] During operation of the engine, the conversion
control unit obtains the fuel ethanol signal indicative of
fuel ethanol content from the fuel ethanol sensor and
determines determining applicable ethanol conversion
instructions corresponding to the fuel ethanol content
based on the ethanol conversion map. The conversion
control unit also obtains the original injector pulse signal
via the ECU connector and determines applicable opti-
mization correction instructions corresponding to current
engine speed and engine load based on the optimization
map. The conversion control unit then applies applicable
ethanol conversion instructions and applicable optimiza-
tion correction instructions to the original injector pulse
signal so as to obtain a corrected injector pulse signal,
and transmits the corrected injector pulse signal to the
fuel injectors via the injector connector.
[0049] Moreover, during normal operation of the en-
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gine, the conversion control unit determines engine
speed based on a period between successive original
injector pulse signals, and engine load based on a dura-
tion of the original injector pulse signal. That is, the con-
version control unit does not directly utilise the engine
speed sensor nor the manifold air sensor of the engine.
[0050] In an embodiment according to the second as-
pect of the present disclosure, the method further com-
prises the steps of providing a user device operationally
coupled to the conversion control unit. The user device
is discussed in more detail above in connection with the
first aspect of the present invention.
[0051] The method may further comprise a step of ex-
ecuting an engine load calibration cycle. An idle load re-
quest is sent via the user device and an idle load ac-
knowledgement is received via the user device, as dis-
cussed in more detail above in connection with the first
aspect of the present disclosure. A minimum original in-
jection pulse duration is then identified from original in-
jection pulse signals received via the ECU connector be-
tween the idle load request and the idle load acknowl-
edgement.
[0052] In addition, a full load request is sent via the
user device, and a full load acknowledgement is received
via the user device, as discussed in more detail above
in connection with the first aspect of the present disclo-
sure. A maximum original injection pulse duration is then
identified from original injection pulse signals received
via the ECU connector between the full load request and
the full load acknowledgement.
[0053] Consequently, during operation, engine load is
determined based on the duration of the original injector
pulse signal with relation to the minimum original injector
pulse duration and the maximum original injector pulse
duration. Most suitably, this is done during normal oper-
ation of the engine, i.e., outside the engine load calibra-
tion cycle.
[0054] Preferably, but not necessarily, the engine load
calibration cycle, further comprises determining an en-
gine specific load range between an idle load corre-
sponding to the minimum original injector pulse duration
and a full load corresponding to the maximum original
injector pulse duration. Consequently, the optimization
map may then be modified, such that engine loads of the
optimization map are normalized with respect to the en-
gine specific load range. It is noted that determining the
engine specific load range and modifying the optimization
map have been discussed above in further detail in con-
nection with the first aspect of the present disclosure.
[0055] Preferably, but not necessarily, the method may
further comprise a step of executing an engine speed
calibration cycle. In the engine speed calibration cycle,
an idle speed request is sent via the user device, and an
idle speed acknowledgement is received via the user de-
vice. Subsequently a minimum engine speed is deter-
mined from a longest period between successive original
injector pulse signals received via the ECU connector
between the idle speed request and the idle speed ac-

knowledgement.
[0056] Additionally, in the engine speed calibration cy-
cle, a full speed request is sent via the user device and
a full speed acknowledgement is received via the user
device. Subsequently a maximum engine speed is de-
termined from a shortest period between successive orig-
inal injector pulse signals received via the ECU connector
between the full speed request and the speed load ac-
knowledgement.
[0057] An engine specific speed range between an idle
speed corresponding to the minimum engine speed and
a full speed corresponding to the maximum engine speed
is then determined. and the optimization map is modified
such that engine speeds of the optimization map are nor-
malized with respect to the engine specific speed range.
[0058] It is noted that the engine speed calibration cy-
cle has been discussed above in further detail in connec-
tion with the first aspect of the present disclosure.
[0059] It is further noted that the second aspect of the
present disclosure encompasses any combination of two
or mor embodiments, or variants thereof, as discussed
above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] In the following the disclosure will be described
in greater detail by means of preferred embodiments with
reference to the accompanying drawings, in which
Fig. 1 is a schematic illustration of a system for adjusting
fuel injection characteristic of an electronically fuel inject-
ed combustion engine.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0061] Fig. 1 schematically depicts a schematic illus-
tration of a system for adjusting fuel injection character-
istic of an electronically fuel injected combustion engine
100. The system comprises an engine 100, which in turn
comprises a combustion cylinder 102. Fuel is injected
into the combustion cylinder 102 with a fuel injector 101
coupled in communication with a fuel line. Although Fig.
1 illustrates a single fuel injector 101 and a single com-
bustion cylinder 102 for the purpose of clarity, the present
disclosure may readily be implemented with an engine
having multiple combustion cylinders 102, with multiple
corresponding fuel injectors 101.
[0062] The engine 100 further comprises an ECU unit
110 which generates, at least during open-loop control,
original injector pulse signal 110a based on an engine
speed signal 111a obtained from an engine speed sensor
111 (e.g., crank shaft position sensor) and manifold air
signal 112a obtained from a manifold air sensor (e.g.,
MAP-, MAF, or TPS sensor) in accordance with a pre-
determined fuel map. Naturally, the ECU unit 110 may
be coupled with a multitude of other sensors and be con-
figured to control other equipment and aspects (e.g., ig-
nition) of the engine.
[0063] In typical arrangements of the prior art, the ECU
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unit 110 directly controls the fuel injectors 102, among
others.
[0064] However, as depicted in Fig. 1, in arrangements
according to the present disclosure, the system compris-
es a conversion control assembly 200. The original in-
jector pulse signal 110a, generated by the ECU unit 110,
is fed to the conversion control assembly 200 via the ECU
connector 203. The conversion control assembly 200
then generates, based on the original injector pulse sig-
nal 110a, a corrected injector pulse signal 204a, which
is sent to the fuel injector 101 via the injector connector
204. Notably, the corrected injector pulse signal is gen-
erated based on the original injector pulse signal 110a,
without the engine speed signal 111a and the manifold
air signal 112a. That is, neither the engine speed sensor
111 nor the manifold air sensor 112 are coupled to the
conversion control unit 200.
[0065] As mentioned, the conversion control assembly
200 comprises the ECU connector 203 for receiving the
original injector pulse signal 110a from the ECU unit 100,
and the injector connector 204 for transmitting the cor-
rected injector pulse signal 204a to the fuel injector 101.
The conversion control unit further comprises a conver-
sion control unit 201 and a memory storage unit 202 op-
erationally coupled to each other. That is, the conversion
control unit 201 may access and modify the contents of
the memory storage unit 202.
[0066] The conversion control unit 201 is further oper-
ationally coupled to the ECU connector 203 for receiving
the original injector pulse signal 110a therefrom, and to
the injector connector 204 for transmitting the corrected
injector pulse signal 204a thereto. Fig. 1 illustrates an
arrangement in which the conversion control assembly
200 is coupled in series between the ECU unit 100 and
the fuel injector 101, although the conversion control unit
200 could alternatively be coupled in parallel.
[0067] The conversion control assembly 200 further
comprises a fuel ethanol sensor 205 coupled in commu-
nication with the fuel line, and configured for producing
a fuel ethanol signal 205a indicating a fuel ethanol con-
tent of the fuel within the fuel line. For example, the fuel
ethanol sensor 205 may be coupled with the fuel line in
series or in parallel. The conversion control unit 201 is
also operationally coupled to the fuel ethanol sensor 205
so as to obtain the fuel ethanol signal 205a.
[0068] The conversion control unit 201 is configured
to determine engine load and engine speed based on
the original injector pulse signal 110a. Then, based on
the determined engine load and engine speed, the con-
trol unit 201 further determines applicable optimization
instructions in accordance with an optimization map
stored in the memory storage unit 202.
[0069] The conversion control unit 201 is further con-
figured to determine fuel ethanol content based on the
fuel ethanol signal 205a provide by the fuel ethanol sen-
sor 205. Then, based on the determined fuel ethanol con-
tent, the control unit 201 further determines applicable
ethanol conversion instructions in accordance with an

ethanol conversion map stored on the memory storage
unit 202.
[0070] As the conversion control unit 201 has estab-
lished appropriate applicable optimization instructions
and ethanol conversion instructions, the control unit ob-
tains a corrected injector pulse signal 204a by applying
said optimization instructions and ethanol conversion in-
structions to the original injector pulse signal 110a. The
corrected injector pulse signal 204a is then transmitted
to the fuel injector 101. Moreover, a corresponding cor-
rected injector pulse signal 204 is generated for each of
the original injector pulse signals 110a generated by the
ECU unit 110, at least during open loop control thereof.
[0071] As depicted in Fig. 1, the system may a user
device 300 operationally coupled to the conversion con-
trol assembly 200, suitably the conversion control unit
201 thereof. The user device 300 may be used to perform
an engine load calibration cycle, and/or an engine speed
calibration cycle, where the user is prompted to run the
engine in a pre-described manner and subsequently ac-
knowledge that such an engine run has been completed.
The user device 300 (or the conversion control unit 201)
can then modify the optimization map such that the en-
gine speed (corresponding to periods of the original in-
jector pulse signals 110a) and engine loads (correspond-
ing to durations of original injector pulse signals 110a)
durations exhibited therein match an operating range of
the specific engine in question.
[0072] Alternatively, or in addition, the user device 300
may be used to modify either or both of the optimization
map and the ethanol conversion map.

LIST OF REFERENCE NUMERALS

[0073]

100 combustion engine
101 fuel injectors
102 combustion cylinder
110 ECU unit
110a original injector pulse signal
111 engine speed sensor
111a engine speed signal
112 manifold air sensor
112a manifold air signal
200 conversion control assembly
201 conversion control unit
202 memory storage unit
203 ECU connector
204 injector connector
204a corrected injector pulse signal
205 fuel ethanol sensor
205a fuel ethanol signal
300 user device
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Claims

1. A system for adjusting fuel injection characteristic of
an electronically fuel injected combustion engine
(100), comprising:

an electronically fuel injected combustion en-
gine (100), in turn comprising:

- fuel injectors (101) for injecting fuel into
respective combustion cylinders (102) of
the combustion engine (100);
- an engine speed sensor (111) configured
to produce an engine speed signal (11a) in-
dicative of engine speed;
- at least a manifold air sensor (112) config-
ured to produce a manifold air signal (112a)
indicative of engine load, and
- an ECU unit (110) operationally coupled
to said engine speed sensor (111), manifold
air sensor (112) and fuel injectors (101), the
ECU unit (110) being configured, at least
during an open-loop control mode, to gen-
erate original injector pulse signals (110a)
so as to control fuel injector timing and du-
ration in accordance with a pre-determined
fuel map based on at least the engine speed
signal and the manifold air signal;

a conversion control assembly (200), in turn
comprising:

- a conversion control unit (201);
- a memory storage unit (202);
- an ECU connector (203) operationally cou-
pled to the conversion control unit (201) and
configured to receive original injector pulse
signals (110a) form the ECU unit (110);
- an injector connector (204) operationally
coupled to the conversion control unit (201)
and configured to transmit corrected injec-
tor pulse signals (204a) from the conversion
control unit (201) to the fuel injectors (101),
and
- a fuel ethanol sensor (205) operationally
coupled to the conversion control unit (201)
and configured to produce a fuel ethanol
(205a) signal indicative of fuel ethanol con-
tent,

wherein an ethanol conversion map is stored in
the memory storage unit (202), the ethanol con-
version map comprising ethanol conversion in-
structions corresponding to various fuel ethanol
contents,
wherein an optimization map is stored in the
memory storage unit (202), the optimization
map comprising optimization correction instruc-

tions corresponding to specific engine speeds
and engine loads,
wherein the conversion control unit (201) is con-
figured to:

- obtain the fuel ethanol signal (205a) from
the fuel ethanol sensor;
- determine applicable ethanol conversion
instructions corresponding to the fuel etha-
nol content based on the ethanol conver-
sion map;
- obtain the original injector pulse signal
(110a) via the ECU connector (203);
- determine applicable optimization correc-
tion instructions corresponding to current
engine speed and engine load, based on
the optimization map;
- apply applicable ethanol conversion in-
structions and applicable optimization cor-
rection instructions to the original injector
pulse signal (110a) so as to obtain a cor-
rected injector pulse signal (204a), and
- transmit the corrected injector pulse signal
(204a) to the fuel injectors (101) via the in-
jector connector (204),

characterized in that the conversion control
unit (201) is further configured to:

- determine engine speed based on a period
between successive original injector pulse
signals (110a), and
- determine engine load based on a duration
of the original injector control signal (110a).

2. The system according to claim 1, characterized by
further comprising a user device (300) operationally
coupled to the conversion control unit (201),

wherein the system is configured to execute an
engine load calibration cycle, during which the
system is further configured to:

- send an idle load request via the user de-
vice (300);
- receive an idle load acknowledgement via
the user device (300);
- identify a minimum original injection pulse
duration from original injection pulse signals
(110a) received via the ECU connector
(203) between the idle load request and the
idle load acknowledgement;
- send a full load request via the user device
(300);
- receive a full load acknowledgement via
the user device (300), and
- identify a maximum original injection pulse
duration from original injections pulse sig-
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nals (110a) received via the ECU connector
(203) between the full load request and the
full load acknowledgement, and

wherein the conversion control unit (201) is con-
figured to determine engine load based on the
duration of the original injector control signal
(110a) with relation to the minimum original in-
jector pulse duration and the maximum original
injector pulse duration.

3. The system according to claim 2, characterized in
that, during the engine load calibration cycle, the
system is further configured to

- determine an engine specific load range be-
tween an idle load corresponding to the mini-
mum original injector pulse duration and a full
load corresponding to the maximum original in-
jector pulse duration, and
- modify the optimization map, such that engine
loads of the optimization map are normalized
with respect to the engine specific load range

4. The system according to claim 2 or 3, characterized
in that the system is further configured to execute
an engine speed calibration cycle, during which the
system is further configured to:

- send an idle speed request via the user device
(300);
- receive an idle speed acknowledgement via
the user device (300);
- identify a minimum engine speed from a long-
est period between successive original injector
pulse signals (110a) received via the ECU con-
nector (203) between the idle speed request and
the idle speed acknowledgement;
- send a full speed request via the user device
(300);
- receive a full speed acknowledgement via the
user device (300), and
- identify a maximum engine speed from a short-
est period between successive original injector
pulse signals (110a) received via the ECU con-
nector (203) between the full speed request and
the speed load acknowledgement, and

wherein the system is further configured to deter-
mine an engine specific speed range between an
idle speed corresponding to the minimum engine
speed and a full speed corresponding to the maxi-
mum engine speed,
wherein the system is further configured to modify
the optimization map such that engine speeds of the
optimization map are normalized with respect to the
engine specific speed range

5. A method for adjusting fuel injection characteristic
of an electronically fuel injected combustion engine
(100), comprising the steps of:

providing a conversion control assembly (200),
comprising:

- a conversion control unit (201);
- a memory storage unit (202);
- an ECU connector (203);
- an injector connector (204), and
- a fuel ethanol sensor (205) operationally
coupled to the conversion control unit (201)
and configured to produce a fuel ethanol
signal (205a) indicative of fuel ethanol con-
tent,

operationally coupling the conversion control
unit (201) and the ECU unit (110) with the ECU
connector (203), so as to enable the conversion
control unit (201) to receive original injector
pulse signals (110a) from the ECU unit (110);
operationally coupling the conversion control
unit (201) and the fuel injectors (101) with the
injector connector, so as to enable the conver-
sion control unit (201) to transmit corrected in-
jector pulse signals (204a) to the fuel injector
(101);
providing an ethanol conversion map stored in
the memory storage unit (202), the ethanol con-
version map comprising ethanol conversion in-
structions corresponding to various fuel ethanol
contents;
providing an optimization map stored in the
memory storage unit (202), the optimization
map comprising optimization correction instruc-
tions corresponding to specific engine speeds
and engine loads, and
during operation of the engine, with the conver-
sion control unit:

- obtaining the fuel ethanol signal (205a) in-
dicative of fuel ethanol content from the fuel
ethanol sensor (205);
- determining applicable ethanol conversion
instructions corresponding to the fuel etha-
nol content based on the ethanol conver-
sion map;
- obtaining the original injector pulse signal
(110a) via the ECU connector (203);
- determining applicable optimization cor-
rection instructions corresponding to cur-
rent engine speed and engine load based
on the optimization map;
- applying applicable ethanol conversion in-
structions and applicable optimization cor-
rection instructions to the original injector
pulse signal (110a) so as to obtain a cor-
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rected injector pulse signal (204a), and
- transmitting the corrected injector pulse
signal (204a) to the fuel injectors (101) via
the injector connector (204),

characterized by, during operation of the en-
gine, with the conversion control unit:

- determining engine speed based on a pe-
riod between successive original injector
pulse signals (110a), and
- determining engine load based on a dura-
tion of the original injector pulse signal
(110a).

6. The method according to claim 5, characterized by
further comprising the steps of:

providing a user device (300) operationally cou-
pled to the conversion control unit (201),
executing an engine load calibration cycle, said
engine load calibration cycle further comprising
the steps of:

- sending an idle load request via the user
device (300);
- receiving an idle load acknowledgement
via the user device (300);
- identifying a minimum original injection
pulse duration from original injection pulse
signals (110a) received via the ECU con-
nector (203) between the idle load request
and the idle load acknowledgement;
- sending a full load request via the user
device (300);
- receiving a full load acknowledgement via
the user device (300), and
- identifying a maximum original injection
pulse duration from original injection pulse
signals (110a) received via the ECU con-
nector (203) between the full load request
and the full load acknowledgement, and

wherein, during operation, engine load is deter-
mined based on the duration of the original in-
jector pulse signal (110a) with relation to the
minimum original injector pulse duration and the
maximum original injector pulse duration.

7. The method according to claim 6, characterized in
that, the engine load calibration cycle, further com-
prises the steps of:

- determining an engine specific load range be-
tween an idle load corresponding to the mini-
mum original injector pulse duration and a full
load corresponding to the maximum original in-
jector pulse duration, and

- modifying the optimization map, such that en-
gine loads of the optimization map are normal-
ized with respect to the engine specific load
range

8. The method according to claims 6 or 7, character-
ized by further comprising the steps of:

executing an engine speed calibration cycle,
said engine speed calibration cycle further com-
prising the steps of::

- sending an idle speed request via the user
device (300);
- receiving an idle speed acknowledgement
via the user device (300);
- identifying a minimum engine speed from
a longest period between successive origi-
nal injector pulse signals (110a) received
via the ECU connector (203) between the
idle speed request and the idle speed ac-
knowledgement;
- sending a full speed request via the user
device (300);
- receiving a full speed acknowledgement
via the user device (300), and
- identifying a maximum engine speed from
a shortest period between successive orig-
inal injector pulse signals (110a) received
via the ECU connector (203) between the
full speed request and the speed load ac-
knowledgement, and

determining an engine specific speed range be-
tween an idle speed corresponding to the mini-
mum engine speed and a full speed correspond-
ing to the maximum engine speed,
modifying the optimization map such that engine
speeds of the optimization map are normalized
with respect to the engine specific speed range
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