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Abstract: The newest generation of the electronic control systems, which are determined
for the combustion engines, is characterised by a complex structure of the control algorithm.
Modification of these systems is performed using a data field editing in order to reach the
maximal output parameters. The active algorithms of the control units gained a remarkable
participation and mutual relation. The control software is operating with the numerical
combinations, which are described in a hexadecimal format. There were suggested various
types of the fuel maps and they were tested by means of measurement realised during four
sequences of a powerful engine. At the same time there were also monitored, during all the
operational measurements, the working parameters using a data link connection. The results
obtained from measurement that were performed at the complex dynamometric station
confirm a relevant contribution in the area of the engine power output characteristics
utilizing the developed hexadecimal matrix. A typical characteristic of the engine torque
demonstrates a continuous increase of the torque values within a wide range of the engine
speed.
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1. Introduction

The present control units of powerful single-track vehicles are distinguished
not only by the control algorithm structures but also by determined modification
software products. A modification of motormanagement function is performed
using an editing of data fields predominately in the case powerful combustion
engines. A replacement of some electronic component in a control unit printed
circuit is required only in a low number of specific situations. More frequently there
is an exchange by unoriginal control units made by specialised companies dealing
exclusively with motorsport [1]. The most of produced motormanagement systems
for racing motorcycles is designed with a high-level requirement concerning a
velocity and a range of data processing. These motorbikes are not equipped with
specialised systems developed for comfort and safety conditions because their
operation is focused on maximum power output parameters above all.

Active algorithms of control units have got a notable complicity and a mutual
interrelation. The control of motormanagement is specified by a processor
code, which determines concrete activities of a control program. A control unit
microprocessor uses a combination of the elementary binary digits 0 and 1. The
control software operates with a numerical combination in the hexadecimal
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format in order to control the individual activities.
The individual data fields stored in a given
control unit memory are determined by means
of data described in the hexadecimal format. It
is necessary to know a relationship between the
decimal system (dec.) and the hexadecimal system
(hex.) [2,3]. The control program ECU applies the
hexadecimal format consisting of 16 symbols, i.e.
the capital alphabetical letters from A to F and the
numbers from 0 to 9 (Fig.1).

A transformation from the hexadecimal format
to the decimal data using the editing software
is important at an adjustment of basic data
fields for a fuel injection, an ignition advance or
input data of temperatures. Many professional
modification  software products offer this
transformation possibility by means of simple
setup. A calculator of operational system enables a
simple help for transformation if a menu bar does
not offer it. The more sophisticated modification
programs enable an exact selection of function
data fields from the EPROM memory and their
following proper modification. Each of necessary
information unavoidable for a proper and quick
reaction of motormanagement, is addressed so
as the control unit can operate only with correct
data. The concrete address of data information is
determined in a data matrix by the given row and
column (Fig.2). These addresses are defined in the
hexadecimal system.
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Fig. 1: Data structure in hexadecimal (hex.) format.
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A meeting of checksum is a very important factor
for modification of control program. This checksum
serves predominately for the integrity control of
data stored in the EPROM/EEPROM memory. A
checksum algorithm enables to verify used data
[4].
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Fig. 2: Two-dimensional presentation of data fields.

Producers of serial control units use this checksum
for an access restriction into data fields as well. An
assembly of optimal data fields is important for the
improvement of power output parameters. The
individual data fields correlate each other and they
are influenced mutually. It is important a relation
between input and output motormanagement
parameters. The control unit enables to correct
these interrelations and to modify output values
to a certain extent. The motormanagement can
adjust output values according to the mutual
relations, which are defined in two-dimensional or
three-dimensional data fields [5].

2. Experimental model and devices

In order to perform modification of data fields it
was applied specialised software. A sophisticated
possibility of the data field editing with an active
relation to sensors and active members, taking into
consideration their functionality, was enabled by
means of user operating environment for multiple
software products.

The exact setting of control parameters and
control of the whole motormanagement system
functionality require an application of control
measuring apparatuses and devices. A proposal of
data fields was performed at a racing motorcycle.
The applied driving unit was four-stroke ignition
engine with the displacement 449 cm?® The
specifications of the engine used in the test are
shown in Table 1.
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Tab. 1: Technical Parameters of the Tested Engine.

Type Single-cylinder, a four-stroke combustion
engine, DOHC four valve, liquid cooled

Displacement 449.0 cm?

Bore and Stroke 96.0x62.1 mm

Compression Ratio 12.5:1

Type of control unit | Electronic control unit with control driver

Fuel System EFI (electronic fuel injection)
Throttle Body Assy | Single throttle valve (bore 43 mm)
Fuel Injector Fine atomizing type with 10 holes

[gnition System Digital DC-CDI

Flectronically advanced

Timing Advance

The motorcycle control software, together with a
calibration set, enables not only download of data
fieldsbutalsotheireditinginanacceptablerange by
means of the modification software. It is necessary
to create an adequate link between the control
unit and modification element in order to obtain
an access to control information. That is enabled
using diagnostic interface. In this specific case the
modification element is the computer equipped
with a corresponding software product and with
drivers of motorcycle devices [6]. Downloading of
reference serial data requires an interconnection
of the motorbike control unit with the calibration
set by means of data cables and by means of the
supplementary driver of control unit. At the same
time it is necessary to provide external source
of DC voltage 12V. After removing of protective
cover a cable bundle of the supplementary driver
was connected with an output connector of the
control unit by means of a data connector. The
next step was to connect a 12V accumulator with
an output cable of a capacitor and then to connect
the data cable of the supplementary driver for the
control unit with the computer.

3. Proposal of individual fuel map

One of the most important operational
characteristics, for the electronic management
system (EMS), is the realisation of fuel amount.

The main proposal of fuel injection is based
predominately on an operational characteristic of
four-stroke combustion engine, keeping the optimal
composition of fuel mixture at all operational
regimes.
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The operational loading of a piston combustion
engine is defined most often by a position of
the throttle valve. This position is scanned using
the TPS sensor. The loading range is expressed
in percentage from 0 to 100 or by means of the
angle value, which corresponds to the turning of
the throttle valve and it is given in degrees [deg].
Another kind of the engine loading is defined by
an underpressure, which is generated in a suction
tract. The underpressure value is monitored using
the MAP sensor and it is given in [kPa]. Another
correction parameter is information obtained from
an accelerator position sensor, which determines
backpedal intensity or rotation speed of gas handle.
This sensor compares an actual position of an
accelerator and a throttle valve. In the solved case
the motorbike control unit works according to the
standard data fuel map, which is based on an actual
engine loading. This loading is expressed by means
of throttle valve position and engine speed. Time
interval of fuel injection depends on TPS sensor
data and engine speed. Data fuel map is compiled
using the above-mentioned data and the control
unit is modifying a correction of fuel injection time
interval taking into consideration actual operational
conditions.

The control unit performs other unavoidable
corrective modifications of opening time for injector
in order to optimise this racing engine operation.
The modifications are depended on the following
parameters:

v engine coolant temperature (ECT),

v intake air temperature (IAT),

v value of manifold absolute pressure (MAP),
v injector operation,

v ignition system operation,

v voltage state in supply system,

v engaged speed gear.

The proper tuning and determination of optimal
fuel map require wide-range knowledge in the
field of motormanagement and engine design.
In this article there are presented two proposals
of data fuel maps. The unleaded gasoline with
octane number 100 was taken into consideration
at ambient temperature between 20°C and 21°C for
the compilation of fuel map [7, 8].

A proposal of optimal fuel map, which can be
implemented into motormanagement accordingly,
requires information about a suitable mixture
composition and about a value of volumetric



efficiency (VE) during all operational regimes. A
volumetric efficiency, comparing the real and
theoretical volume of intake air during suction
stroke, is relevant with regard to determination of
injection time.

The highest value of volumetric efficiency is in
the case maximum torque and wide-open throttle
(WQT) and therefore in this zone it is necessary to
accommodate the time interval of open in injection
valve.

The maximum value of the volumetric efficiency
corresponds to the speed range from 6,800 to
7,400 rpm and the standard maximum torque is
43 N:-m at 6750 rpm for the tested motorcycle. In the
case of powerful single-cylinder ignition engines
a volumetric efficiency is changing suddenly
according to a change of actual operational
loading. These kinds of combustion engines do
not reach flatter torque characteristic. That is why
it is substantial to process the values obtained
from the sensor TPS and from the sensor MAP in a
suction pipe as soon as possible. The motorcycle
motormanagement operates with values of
injection time, which is given in milliseconds [ms],
however the modification software disposes with
the injection time data expressed in percentage [%)]
in order to modify a fuel map.

INJECTJON_[ms] __ wmaw-

Fig. 3: The first version of a proposed data map for fuel injection.

In such cases the real motormanagement data
map is derived as a distribution base for users’s
adjustments and it is implemented into zero-
percentage values. The injection system of the given
motorbike is offered with the throttle diameter
43 mm and it operates with the 10-inlets solenoid
injector.

Composition of an optimal fuel map requires
information about the flow rate value through an
injection nozzle and also information about the
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Tab. 2: Fuel Map - Version 1 [ms].

Throttle | Engine speed [rpm]

;Z”m“ 2000 | 4000 | 6000 | 8000 | 10000 | 12000
0 135|101 |091 |080 |08 | 080
10 3300 (294|251 | 247|226 | 226
2 551 (458 350|343 |340 | 340
30 570|505 | 498 |49 | 426 | 426
40 599 516 | 606 |640 |567 | 580
60 630|580 | 650 |75 |701 |7.05
80 640 |58 | 688 |79 |737 |75
100 646 |58 |691 |79% |79  |755

pressure in a fuel system. The applied fuel injector
has got the over-dimensioned flow capacity
0.291 I/min and the operational pressure in the fuel
systemis 297 kPa £ 3.5%. A pressure correction of the
fuel system is controlled by means of the individual
data field with a correction coefficient [9, 10].

The flow capacity of an injection nozzle is an
important parameter for an injection time setting.
In order to determine the injection time interval
it is applied the pulse time, which also covers an
injector-opening interval. An operation of the
injector is described by the pulse period, which
determines times of injection valve opening and
then closing. A length of pulse period is depended
on increasing of engine speed and the injection
time is accommodated according to this period. The
opening time is also a function of supply voltage.
The system supply voltage for the given motorcycle
is from the interval 11.8 + 14.2 V according to its
operational loading. The opening time of injection
valve is between 0.8 + 1.1 ms for the stable voltage.

Fig. 4: The second version of a proposed data map for fuel
injection.
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Tab. 3: Fuel Map - Version 2 [ms].

Throttle | Engine speed [rpm]

;‘/ﬁ“““ 2000 | 4000 | 6000 | 8000 | 10000 | 12000
0 15 loss |01 |07 |om |07
10 327|284 | 246|227 | 206 | 206
20 ST |408 326|329 [300 |34
30 550|480 | 407|409 | 364 | 366
4 571|511 493 |48 | 436 | 436
60 599|516 | 606 |640 | 567 | 580
80 611 |52 |63 |73 |67 |67
100 606 |52 |64 |770 |74 |7

The most of serial engine control systems operates
with feedback algorithm of lambda regulation,
ie. with the so-called “closed loop” regime. This
operational regime is specific because it respects
the target values of a ratio between air and fuel.
The racing engines are exposed to permanent
operational changes and they work without the
processing of actual values obtained from the
lambda regulation. It is the so-called “open loop”
regime where the A-values are not processed by
the motormanagement and the engine works in
this regime without a correction of the lambda
regulation data field [11, 12].

This advantageous regime of the controlled
injection enables an immediate enriching of fuel
mixture during the maximum acceleration without
an evaluation of the optimal mixture composition.
The ideal mixture composition for the single-
cylinderfour-stroke racing ignition engine is reached
at the enriched regime. All these aspects were taken
into consideration during a composition of the first
version of the modified fuel map (Fig. 3 and Tab. 2).

A downline of the first version of the edited fuel
map into the motorcycle control unit was realised
by means of the linked communication interface.
After starting of the engine, when the working
temperature reached the operational value (min.
75°C + 80°C), the optimal values of the A-ratio
were determined using the additive output of the
mixture richness at the dynamometer. The lambda-
values were recorded in the range from the idling
speed to the intervention of a speed limiter. A
suitability of fuel mixture was evaluated during
individual operation loading areas. The first variant
of a fuel map was specified into the enriched area
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and after the evaluation of mixture composition,
during measurement, there was the concrete
part of the data field corrected. The more relevant
deviation was recorded in the speed range from
6,300 to 8,100 rpm. In this speed interval there is an
area of maximal volumetric efficiency (VE) situated
and from this reason it is necessary to ensure the
corresponding fuel delivery. The injection time
interval was shortened in the middle speed area,
because it was monitored that the fuel mixture is
enriched at the values from the A= 0.81 to 0.84 in
the framework of the speed range between 6,250
and 7,400 rpm. The fuel delivery was reduced about
5 + 8% during a proposal of the second version fuel
map (Fig.4 and Tab. 3) and in this way the mixture
composition value was modified to the level
A =0.90 + 0.93 in the middle speed range.

After the application of data field modified
versions there was a set of the detail control
measuring performed using the cylindrical power
output dynamometer.

4. The verification of obtained results

The most relevant step for the motormanagement
modifications is a determination of power output
and torque parameters. The feedback verification of
modification influence on the data field is important
for an adjusting of the motormanagement
modification accuracy.

Every more substantial modification of the
control unit operation develops adequate changes.
From this reason the best monitoring method
of the performed changes is a measuring of the
combustion engine characteristic using the power-
output dynamometer. The cylindrical dynamometer
was applied in order to verify an accuracy of data
field modifications that were performed for an
injection and for an ignition advance. The applied
cylindrical dynamometer is one of the most modern
power-output dynamometers used for a testing
of single-track vehicle parameters. The complex
testing stand is equipped with an additive high-
efficiency ventilation device and with an exhaustion
of exhaust gas. This supplementary equipment
enables to create optimal working conditions as
well as to make possible the additional cooling of
loaded engine.

The dynamometric equipment is able not only to
measure the power output and torque but also a
fuel mixture composition (A), a temperature of the



Fig. 5: The anchorage of racing motorcycle to the dynamometer.

cooling liquid, an engine speed and an operational
loading. The dynamometer is able to measure
power-outputs up to 560 kW and the maximum
speed of the braking cylinder is 323km.h™.

In order to recalculate the output parameters
the software of a dynamometer operates with
the standards JIS, DIN, SAE J 1349, STD and EEC.
Our measurement was performed according to
the German national standard DIN 70020, which
deals with a measuring using the complete engine
equipment and it allows the deviation of power
output parameters +0.95% and the engine speed
deviation +£0.47%. A change of the tested engine
loading is reached by the regulation of excitation
current, which controls a magnetic field magnitude
between the rotor and the stator. The measuring
stand disposes with own pneumatic circuit in
order to ensure a proper function of the whole
dynamometric system.

Accuracy and safety of measuring process requires
a stable fixing of the tested motorcycle to the
measuring dynamometer (Fig. 5). The fixing consists
of a side anchorage of motorcycle frame to the
dynamometer corpus by means of the tightening
straps. The front motorcycle wheel is fixed to the
static support. The supporting mechanism of the
front wheel has got the holding side supports,
which hold a stable wheel position. An ideal
position of the motorbike is setup in such way that
a vertical axis of the rear wheel is identical one with
the centre of braking cylinder. Itisimportant to keep
the atmospheric condition as stable as possible due
to objectiveness of the performed measurements
according to the Tab. 4.

The balanced real wheel and an application of
a smooth tire tread pattern are important for the
correct measuring process. In order to perform the
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Tab. 4: Atmospheric Conditions.

Atmospheric Conditions

- Temperature | Pressure | Humidity
ra [Pa] [%]
Range of values during the 02209 | 9689103 | 52=55
measurement

complex measuring of all monitored values it is
necessary to connect a temperature wick-sensor of
coolant to the cooler surface, as well as to connect
the engine speed sensor and the sensing pipe for
monitoring of exhaust gas composition. Before
the start of a testing it is necessary to activate the
exhaustion equipmenttogetherwiththe ventilation-
cooling device and with the dynamometric control
software. The required operation temperature of the
tested engine is 85°C during each measuring. There
was the fifth longest speed gear applied, because it
enables to reach also the maximum speed value of
the used secondary gear.

501 Bstpckt:drf Max Power = 36;17
Hstock2.drf Max Power = 36,01
451! i drf Max Power =:36,65

Bversion2_3.drf Max Power =:38,06
56,56 kW version1_1drf 5[ %38,06 kW versionp_3.drf
3 6,13 kW._sti rlo/ T35 stock2.drf.
. S
/%‘ D

Power (kW)

10 = 8,586
3,5 40 45 50 55 60 65 7,0 7,5 80 85 9,0 9,5 10,0 10,5 11,0 11,5
Engine Speed (RPM x1000)

Fig. 6: The power output characteristic corresponding to the tested

versions of the fuel maps.

Wstock1.drf Max Torque = 43,
Estock2.drf Max Torque = 43,
501 Hlversion1_2.drf Max Torque =

Eversion2_3.drf Max Torque =

45 45,25 N-M version2..3.drf

43,600 N-M stockyzdrf
43,31 N-M 7;«%’1% %ﬂ&;ﬁ?&-ckl.dﬂ

. / oo

25 / Lo

Engine Speed (RPM x1000)

5
>

w
@
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Fig. 7: The torque characteristic corresponding to the tested

versions of the fuel maps.
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Fig. 8: The output air/fuel ratio characteristic of mixture
composition (AFR) corresponding to the tested versions of the fuel

maps.

Our detailed testing of the driving unit required to
perform four measuring sequences, namely: serial
measuring No.1, serial measuring No.2, measuring
of the first version of the modified fuel map and
measuring of the second version of the modified
fuel map.

During all realized measurements there
were monitored the operational parameters
simultaneously by means of a data interlink. All
the measured power output and torque values
are recorded according to the technical standard
DIN 70020 and they represent values obtained at
the rear wheel, without a conversion to the values
of a crankshaft output. The first measuring series
was performed using an original set up of data
fields, which were configured by the producer. We
analysed two concrete measuring with the serial set
up (Stockl and Stock2) in order to obtain objective
results. The values of the engine power output
(Fig. 6), the torque (Fig. 7) and the mixture
composition were monitored in relation to the
engine speed (Fig. 8).

After a cooling down of the engine to the optimal
temperature the experiment was finished and the
next step was to connect the calibration set with
the 12V accumulator. In this way it is possible to
exchange the serial data fields for the individually
generated data fields related to a fuel injection
and to an ignition advance. The following series
of the next five measurements with using of the
first modified fuel map version was performed
after reheating of the engine. Downloading of the
measured parameters and stopping of the engine
finished the measuring process. The second version
of the corrected fuel map was implemented
into the control unit after a detailed analysis of
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the output characteristic obtained from the first
version of the fuel map. Following another control
measuring series was carried out. The increment of
the maximum power output value was 2.05 kW and
torque value was 1.8 Nm. These increments were
achieved by using of the individual data fields for
a fuel injection. That increased values of the tested
parameters were observed during the second
version of the modified fuel map.

A desired increasing of the power output was
registered in the speed spectrum between the
7,000 rpm and 9,000 rpm (Fig. 6). In Fig 7 there is
illustrated that an increased torque is available in
the wide range of the applicable speed, namely
from the 5,000 rpm to 9,000 rpm. The monitored
increasing of the power output and torque is a
positive phenomenon with regard to an application
of the tested driving unit on real conditions of
racing circuit. During the measuring of the second
version there was the fuel mixture composition (the
air/fuel ratio, AFR) optimised. Together there was the
braking cylinder acceleration of the power-output
dynamometer intensified as well as there was the
throttle valve reaction accelerated.

The last two analysed characteristics describe
engine flexibility and its acceleration ability. In the
Fig. 9 there is a record of the engine speed values
obtained during the time unit. In this case that
time unit is defined by four seconds. Using the
most suitable second version of the fuel map it
was reached the engine speed value 9,350 rpm
during the first four measured seconds, whilst the
serial version application reached the speed value
9,000 rpm. The engine speed limiter intervened at
the speed level 10,710 rpm after the measuring time
5.8 sec.

12{Bstock1.drf Max Engine Speed =10;92
‘Estock2.drf Max Engine Speed = 11,00

o |Eversion1_2.drf Max Engine Speed = 10,96 H
g ‘Hversion2_ 3.drf Max Engine Speed = 10,71 %
1 : ; ; ; ;
X : : : :
z ; 9,35 RPM x1000 version2_3.drf / : \Z i
: 9,14 RPM x1000 version1_2.d| ; B
3 9,05 RPM x1000 stock 8,99 RPM x1000 stock2.irf
3 : : ; : :
2 : : : : :
w | | ; | i
o : ; : : :
£ : ; ;
-] i H
= i i
w : ;
/% i X =4,0
0 1 2 3 4 5 6

Time (s)

Fig. 9: Time behaviour characteristic of the brake cylinder
acceleration in relation to the engine speed.



Tab. 5: Measurement results..
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Maximum Output/ | Maximum Torque/ Rpm after 4 seconds | Velocity after 3 seconds of
. . AFR at 6300 rpm . .
Engine Speed Engine Speed [-] of the measuring the measuring
[kW/rpm] [N-m/rpm] [rpm] [km-h"]
1. Stock 1 36.17 /8500 43.61/6780 12.46 9050 105.94
2. Stock 2 36.01/8450 43.48 /6800 1251 8990 107.05
3. Version 1 36.65 /8490 43.40/6870 12.69 9140 108.28
4. Version 2 38.06/8580 45.28 /6790 13.65 9350 112.70

The next analysis (Fig. 10) compares acceleration
of the motorcycle at the 5th speed gear. The third
second of measuring was used for a record of the
vehicle velocity. The tested motorbike, equipped
with the second version of the fuel map, reached
the velocity 112.70 km:h™" whereas in the case of
the serial set up the reached velocity value was
107 km-h™.

All the evaluated and key parameters obtained
from the examined versions of the fuel maps are
presented in the Tab. 5. After installation of the
modified data map a more cultivated running, better
flexibility and improved acceleration characterize
the experimental driving unit.

160{Wstock1.drf Max Speed = 144,20
Hstock2.drf Max Speed: = 144,89
Eversion1_2.drf Max Speed = 144,16 )
Hyersion2_3.drf Max Speed = 140,91 i

120 A
%ﬂ) Kni/hr version2_3.drf
108,28 km/hr "E’S"’“Lz% 107,05 km/hr stock2.drf

140

Speed (km/hr)

105,94 km/hr stockLdff

80l o S NSRS S
i 7 i x=3,0

0 3
Time (s)
Fig. 10: Time behaviour characteristic of the brake cylinder
acceleration in relation to the motorbike speed.

5. Conclusions

After a detailed analysis of the performed
measurements it is possible to say that the
proposed final data map of the fuel injection has
got a positive influence on increase of driving
unit output parameters. The time behaviour of
realised measurements using the complex stand of
cylindrical dynamometer confirms a fact that after
application of the modified fuel map there is an
increase of the power output and torque.

The characteristic of torque behaviour shows a
continuous increase of the torque values in a wide
speed range. This factor is important for application

of this driving unit in real conditions. The control
measurements also verified an improved possibility
of the driving unit to react on a changing loading as
well as to react more flexible according to a throttle
valve opening. The last two examined characteristics
illustrate an improved acceleration ability of the
driving unit. The motorbike acceleration was
more intensive during the given time interval.
The modifications of the fuel injection data fields
stabilised values of a mixture composition (air/fuel
ratio, AFR). The recorded increase of the output
parameters for the examined driving unit of the
racing motorbike has got a positive influence on
the application possibility in real racing circuit
conditions.

The uncertainty analysis for measurements
has been executed and expanded uncertainties
have been determined for measurement results
(tab. 3). Expanded uncertainty for maximum power
output has value 045 kW. Expanded uncertainty
for torque has value 04 Nm. Measurement
of engine speed has expanded uncertainty
5.5 rpm. Measurement of the air/fuel ratio (AFR) has
expanded uncertainty 0.12. The reported expanded
uncertainties of measurement are stated as the
standard uncertainties of measurement multiplied
by the coverage factor k = 2, which for a normal
distribution corresponds to a coverage probability
of approximately 95%. The standard uncertainties of
measurement have been determined in accordance
with EAL Publication EAL-R2, EA-4/02 and JCGM
104:2009.
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