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�1.�INTRODUCTION

In� the� study� of� linear�automotive� dynamics,� the� per-

formance�characteristics�of�engine�is�a�very�important�

input.�With�some�studies�according�to�traditional�meth-
ods,�speed�characteristics�are�determined�experimen-

tally� [6],�or�use�simple�engine�model� (part-load�char-

acteristics� are� interpolated� linearly� from� the� full-load�
characteristic�of�engine)�[2],�[4],�[5]).�This�approach�is�

only� suitable� for� diesel� engines�using� traditional�me-

chanical�fuel�injection�system�(the�amount�of�fuel�sup-
plied� to�a� cycle�J

F�FOH
�mainly�depends�on� the�position�

of� the� accelerator� pedal).� For� new� generation� diesel�

engines�using�Common�Rail�fuel�injection�system,�the�
J
F�FOH

� is�calculated�and�controlled�by�the�ECU�accord-

ing�to�the�operating�mode�and�conditions�(signals�from�

sensors:� accelerator� pedal� position,� engine� speed,�
etc.)�intake�air�temperature…).�Thus,�the�speed�char-

acteristics�of�new-generation�diesel�engines�will�differ�

greatly�and� the� local�characteristics�cannot�be�deter-

mined�by� the�method�of� linear� interpolation� from�full-

load�characteristic�as�with�traditional�diesel�engines.

In� recent� years,� the� use� of� the� Mean� Value� Engine�

Model� (MVEM)� in� the� simulation�of� the�engine�using�

electronic�control�systems�has�begun�to�be�studied,�[9,�
10,12].�MVEM�is�built�on�the�basis�of�the�conservation�

laws�of�mass�and�energy,�the�laws�of�thermodynamics,�

the�value�of�the�parameters�in�the�model�is�determined�
by�averaging�in�one�or�several�work�cycles.�Therefore,�

the�computation�time�using�MVEM�is�much�faster�than�
the�engine�model�with� crankshaft� angle�while� ensur-

ing� accuracy,� [9].� In� addition,�MVEM� also� takes� into�

account� the� technological� factors� of� the� engine,� fuel�
properties.�To�get�the�MVEM�model�for�a�particular�en-

gine�it� is�necessary� to�de�ne�many� input�parameters�

experimentally.

The�paper�presents� the� results�of�building�D4CB�2.5�
TCI-A�diesel�engine�model� in�MATLAB/Simulink�soft-
ware� with� the�main� input� parameters� determined� by�
experiment�on�the�engine�test�bed�and�using�weighted�
least-squares�optimization.

2.�THEORETICAL�BASIS�

The� model� of� Common� Rail-type� diesel� engine� is�

mapped�as�shown�in�Figure�1,�[12]�with�main�blocks�in-
cluding:�CR�type�fuel�injection�system,�engine�cylinder,�
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Tóm�tắt

Khi�mô�phỏng�động�lực�học�của�ô�tô,�đặc�tính�tốc�độ�của�động�cơ�là�dữ�liệu�đầu�vào�quan�trọng�nhất.�Việc�xây�

dựng�đặc�tính�tốc�độ�của�động�cơ�diesel�hiện�đại�(sử�dụng�hệ�thống�phun�nhiên�liệu�kiểu�common�rail�với�hệ�

thống�tăng�áp�kết�hợp�với�hệ�thống�luân�hồi�khí�thải…)�là�khó�khăn�và�phức�tạp�hơn�so�với�động�cơ�diesel�kiểu�

cũ.�Bài�báo�này�trình�bày�kết�quả�xây�dựng�mô�hình�động�cơ�giá�trị�trung�bình�(MVEM)�của�loại�động�cơ�diesel�

hiện�đại�bằng�phần�mềm�MATLAB/Simulink�với�các�dữ�liệu�đầu�vào�xử�lý�số�liệu�thử�nghiệm�bằng�phương�pháp�

bình�phương�tối�thiểu.�Mô�hình�này�được�sử�dụng�trong�việc�mô�phỏng�động�lực�học�của�ô�tô�sử�dụng�động�cơ�

diesel�hiện�đại.

Từ�khóa:�Đặc��nh�tốc�độ;�động�cơ�diesel�hiện�đại;�mô�hình�động�cơ�giá�trị�trung�bình;�động�lực�học�của�ô�tô.
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intake� pipe,� exhaust� pipe,� turbocharger� and� exhaust�

gas�recirculation�system.�The�parameters�in�the�mod-

el�(Figure�1)�are�denoted�as�follows:�:
F
,�:

W
,�:

HJU
�are�

the�air��ow�through�the�compressor,�turbine�and�valve�

EGR,�[kg/s]�respectively;�X
�JW
�and�X

HJU
�are�the�openings�

of� valve� VGT� and� valve� EGR,� [%]� respectively;�:HL�

and�:
HR
�are�the��ow�rates�of�gas�entering�and�leaving�

the�cylinder,�[kg/s];�S
LP
,�S

HP
�are�the�pressure�of�intake�

pipe�and�waste�pipe,� respectively,� [Pa];�;
RLP
�and�;

RHP
�

are�respectively�the�oxygen�content�in�the�intake�and�

exhaust�gases,�[%];�J
F�FOH

,�[mg/cycle];�Ga�is���gas,�[%];�

n�is�the�engine�speed,�[rpm];�l
2PL�

�is�the�smallest�lamb-

da�coef�cient�to�limit�the�amount�of�fuel�injection,�[-];

Figure�1.�Engine�model�block�diagram�diesel�using�type�

CR,�[12]

Torque�Me� [Nm]� of� the� engine� is� determined� by� the�

formula,�[10]:
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Where:�

0
L
�is�the�indicator�torque,�[Nm];�

0
S
�is�the�torque�of�the�pump�loss�of�the�mô�tơ,�[Nm];�

0
I
�is�the�mômen�of�friction�loss,�[Nm];�

L�is�the�number�of�cylinders;�

T
/+�
�is�the�low�calori�c�value�of�the�fuel,�[J/kg];�

�
G
�is�the�working�volume,�[m3];�

F
I�
,�F

I�
,�F

I�
�are�friction�loss�coef�cients�determined�ex-

perimentally.�Indicator�performance�h
L
�is�determined�by�

the�formula:

)1)(� �

�
�

��1
LF

LLLLL FQFQFF  −++= � (2)

Where:�

F
L�
,�c

L�
,�c

i3
,�c

L�
,�c

L�
�are�the�coef�cients�determined�by�ex-

periment;�

f�is�the�equivalent�coef�cient.

2


1
= (3)

2.1.�Determine�intake�air�and�exhaust�gas�pressure

Applying�the�conservation�of�mass�and� the� ideal�gas�
state,�we�have�equations� to�determine� the��

��
� intake�

and�the�S
HP
�exhaust�gas�pressure,�[11],�[12]:
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���
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S
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−−=

−+=
� (4)

Where:

�
LP
,�T

HP�
�the�intake�and�exhaust�temperature�respective-

ly,�[.],�determined�by�experiment;�

�
LP
,�V

HP�
�is�the�volume�of�the�intake�and�discharge�pipes,�

respectively,�[P�],�determined�by�experiment��

5
D
,�R

H
� ideal�gas�constants�of� the� intake�and�exhaust�

gases,�respectively,�[-�NJ�.].�Air��ow�through�the�com-
pressor�:

F
,� through� the� turbine�:

W
� and� through� the�

EGR�system,�:
HJU
�determined�by�experiment.

2.2.�Determine�the�amount�of�air�entering�and�exit�

ing�the�cylinder

Total�intake�air��ow�into�Wei�cylinder�is�determined�by�

the�formula,�[12]:

LPD

GLP�

HL
��

�QS
�

120


= � (5)

Where:

h
�
�is�the�inlet�coef�cient,�[-],�determined�by�formula�(6),�

the�coef�cients� cv1,�cv2,� cv3�are�determined�experi-

mentally;����������

��1 ��LP�� FQFSF ++= � (6)

Amount�of�fuel�supplied�to�the�cylinder�:
I
� is�determi-

ned�by�the�formula:�

LQJ� FW�
120

10 6−

= � (7)

According�to�the�law�of�conservation�of�mass,�mass��ow�

:
HR
�out�of�the�cylinder�is�determined�by�the�formula:

�HLHR ��� += � (8)

2.3.�Determination�of�oxygen�content�

Oxygen�content�in�;
2LP
�intake�air,�;

2HP
�exhaust�gas�is�

calculated�by�the�formula,�[12]:













−=

−+

−=

HR2HP2H

HPHP

HPH
2HP

F2LP2F

HJU2LP2HP

LPLP

LPD
2LP

���
�S

��
�

GW

G
���

���
�S

��
�

GW

G

)�

)�

)�

� (9)

Where:�

;
2F
� is� the�oxygen� content� passing� through� the� com-

pressor�(;
2F
�=�20.9�÷�21%);�
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;
2H
�is�the�oxygen�content�in�the�exhaust�gas,�determi-

ned�by�the�formula,�[12]:����

HR

�2LPHL

2H
�

V�2���
�

)/�−
= � (10)

The�oxygen/fuel�ratio�l
2
,�is�determined�by�the�formu-

la,�[12]:�

V�2�

��

�

2LPHL
2

)/�
= � (11)

Where:�

(O/F)s�is�the�percentage�of�oxygen�required�to�comple-

tely�burn�the�fuel�in�the�combustion�chamber,�calcula-

ted�from�the�ratio�(A/F)s.

2.4.�Determine�the�amount�of�fuel�supplied�in�a�cycle�

The� amount� of� fuel� supplied� for� a� g
ct�
cycle� is� deter-

mined�by�the�formula,�[12]:��

)�min( PD�
F�FOH

V
F�FOHF�FOH JJJ = � (12)

Where:

V
F�FOHJ ��is�the�calculated�spray�quantity�required�by�the�

operating�mode,�[mg/ct];�is�the�limited�amount�of�spray�

to�avoid�black�smoke,�[mg/ct];�is�calculated�according�

to�the�formula,�[12]:���������������������

��

�
��1 )�

FQF
QFSSF�FJ

H

HLPHP�F
V
FW

++
+−+= � (13)

QL�2

��
J

V2

2LPHL
FW

��)/�10

120

min
6

PD�

−
= � (14)

Where:

is�the�required�torque�(Target�Torque)�determined�by�the�

ECU�of�the�engine�according�to�the�%�throttle�signal�and�

the�engine�speed�n�[rpm].�For�CR-type,� “%�throttle”�is�

the�%�of�the�voltage�value�of�the�accelerator�pedal�posi-

tion�sensor�sent�to�the�ECU�compared�to�the�maximum�

design�voltage).

3.�DIESEL�ENGINE�MODEL

3.1.�Research�subjects�

2.5� TCI-A� diesel� engine� (using� CR-type,� VGT-type�

turbocharger,� high-pressure� EGR� system;� working�
volume:� 2497� cm3;� compression� ratio:� 17.6;� design�
rated� power� is� 106� kW� at� n� =� 3800� rpm;� maximum�
design�torque�is�350�Nm�at�n�=�2500�rpm),�[3]�installed�
on�Hyundai�Starex.

3.2.�Test�equipment�

Experimental�research�was�conducted�at�the�Engine�
Laboratory� of� the� Institute� of� Dynamic� Mechanics/
Hanoi�University�of�Science�and�Technology,�[6]�and�
the�engine�test�platform�of�the�University�of�Transport�

Technology�(Figure�2).�The�mô�tơ�is�tested�in�steady�

mode�with�different�operating�modes�(load�and�speed)�

to�determine�in�detail�the�set�of� input�parameters�for�

the�MVEM�model:�mô�tơ�speed;�useful�torque/power;�

temperature,� pressure,� intake� air� �ow;� exhaust� gas�

temperature�and�pressure;�air��ow�through�the�EGR�

valve;�fuel�consumption;…�

Figure�2.�Layout�diagram�of�engine�test�pla�orm,�[3]�

Alpha� 160-� brake� test;� AVL-553S-200-coolant� tem-

perature�control�system;�AVL�PLU�160-fuel�consump-

tion�meter;�Bobcat:�automation� system�of�measuring�

equipment�and�test�platform;�I/O�Cube-�junction�box�for�

signals�from�sensors;�FEM-�signal�converter;�K57-pan-

el;�Throttle�pedal�-�The�accelerator�pedal;�FTIR-�emis-

sion�analyzer;�PC-computer;�Testo� 350� -�:HJU�mea-

suring� device;� *�FD��� Diagnostic� device� and� read�

data�in�the�ECU.�

3.3.�Results�of�determining�input�parameters�

3.3.1.�Directly�determined�parameters�

The� parameters� are� entered� directly� into� the� MVEM�

model�(in�the�form�of�a�lookup�table)�including:�required�

torque,� intake� and� exhaust� gas� temperature,� air� �ow�

through�turbine�and�compressor,�air��ow�through�EGR�

valve.�These�tables�(Figures�3a,�b,�c,�d,�e,�g)�have�2�in-

put�parameters:�engine�speed�and�required�torque,�only�

the�required�torque�depends�on�the�position�of�the�ac-

celerator�pedal�and�the�required�torque.�engine�speed.�

Figure�3a.�Required�torque

Figure�3b.�Gas��ow�through�turbine�
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Figure�3c.�Air��ow�through�the�compressor

Figure�3d.�Air��ow�through�EGR�

Figure�3e.�Intake�air�temperature

Figure�3g.�The�input�data�is�determined�directly�

Figure�4�presents�the�results�of�comparing�the�speed�

characteristics� of� the� 2.5� TCI-A� engine� determined�

by�experiment� (Figure�4a)�and�by� linear� interpolation�

method�(from�the�characteristics�outside�of�the�exper-

imental� measurement)� (Figure� 4b).� As� we� can� see,�

there� is�a�huge�difference� in� the� local�speed�charac-

teristics� and� so� using� the� linear� interpolation� speed�

characteristic� will� greatly� affect� the� survey� results� of�

the�vehicle’s�acceleration�characteristics.�

4a.�Experimental�measurement

4b.�Linear�interpola�on�

Figure�4.�Comparison�of�speed�characteris�cs�of�2.5�

TCI-A�engine�determined�experimentally�and�by�linear�

interpola�on�method�

3.3.2.� Parameters� determined� by� the� method� of�

least�squares�

To�build�the�MVEM�model,�it�is�necessary�to�determine�
the� coef�cients� in� the� equations� for� determining� the�
loading� coef�cient�h

�
� (Equation� 6),� the� indicator� ef�-

ciency�h
��
(Equation�2),�the�friction�loss�M

f
�(Equation�2).�

process�1),�the�amount�of�fuel�supplied� for�one�cycle�
of�J

F�FOH
�(equation�13).�With�the�experimental�data�ob-

tained,�the�authors�used�the�method�of�least�squares�
[11]� to� determine� these�coef�cients,�with� the� results:�
F
��
�=�0,0023;�c

��
�=�-0,0027;�c

��
�=�0,0068;�c

L�
�=0,37;�c

L�
�

=0,382*10����F
L�
�=�-0,39*10-8��F

L�
�=0,065;�c

L�
�=0,412;�c

I�
� �

-0,3;�c
I�
�=2,296;�c

I�
�=�-1,223;�c

�
�=�0,16;�c

�
=�0,83*10-6��F

�
�

=�0,2*10-6��F
��
=�0,212*10����F

��
=�-0,99*10���

3.4.�Building�the�MVEM�model�in�MATLAB/Simulink�

With�the�theoretical�basis�presented�in�Section�2�and�

the� results� of�determining� input�parameters� (item�3),�

the�MVEM�model�of�the�2.5�TCI-A�engine�built�in�MAT-

LAB/Simulink�is�presented�in�Figure�5.�

Figure�5.�MVEM�model�of�2.5�TCI-A�engine�in�MATLAB/

Simulink�
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In� the�model� (Figure� 5),� there� are� two� input� signals,�

which�are� throttle�signal� (control�from�driver)�and�en-

gine�speed�n;�An�output�signal�is�the�useful�torque�Me.�

The�engine�speed�is�determined�through�the�balance�

equation�of�dynamics�at�the��ywheel�of�the�engine.�

4.�MVEM�SIMULATION�RESULTS�AND�DISCUSSION

The�results�of�the�J
F�FOH

�calculation�and�the�speed�char-

acteristics� of� the� 2.5�TCI-A� engine� using� the�MVEM�

model�are�shown�in�Figure�6.�It�can�be�seen�that�the�

calculated� speed� characteristics� (Figure� 6b)� have� a�

shape� that� closely� matches� the� characteristics.� ex-

perimental� speed� (Figure� 6a).� In�addition,� there� is� a�

similarity� in� the�changing� laws�of�J
F�FOH

�and�Me�of� the�

engine.

6a)�Fuel�injec�on�volume�per�cycle�g
cycle

�

6b)�Mô�tơ�torque�Me

Figure�6.�Calcula�on�results�of�g
cycle

,�Me�of�2.5�TCI-A�

engine�using�MVEM�model�

The�sum�of�errors�between�Me�calculated�by�MVEM�

model� and� experimental� measurement� at� operating�

modes� is� presented� in� Table� 1.� The�maximum� error�

of� Me� between� calculated� and� experimental� results�

is�6.16%�and�results�the�calculated�results�tend�to�be�

higher� than� the� experimental� results.� The� maximum�

error� in� J
F�FOH

� between� calculation� and� experimental�

measurement�is�6.5%�(at�40%�throttle�mode,�n�=�2600�

rpm).� The�MVEM�block�of� the�2.5�TCI-A� engine� that�

has�been�built�will�be�a�component�block�in�the�linear�

dynamic’s�simulation�model�of�the�Hyundai�Starex�car�

[7],�allowing�to�study�the�vehicle’s�acceleration�process�

closer�to�reality.�(Determine�in�detail�and�accurately�the�

change�of�Me�according�to�the�change�of�the�driver’s�

accelerator�pedal�position...).

Table�1.�Summary�of�error�in�Me�between�calcula�on�and�
experimental�measurement�(%)

n,
rpm

Signal�from�accelerator�sensor,�[%]

�� �� �� �� ��

���� 1,79 1,24 1,87 1,87 1,87

���� 2,64 0,91 2,82 3,27 3,27

���� 0,18 0,71 3,25 3,65 3,65

1600 � 2,72 3,74 2,93 4,10

���� � 4,41 1,27 6,16 3,96

���� � 3,35 2,53 4,00 4,95

���� � � 1,64 4,69 3,84

���� � � 3,27 5,36 4,17

���� � � 5,33 3,38 4,06

2600 � � -1,46 1,92 4,63

���� � � 3,29 4,18 4,93

���� � � 2,00 2,00 2,21

���� � � 2,40 3,33 3,00

n,
rpm

Signal�from�accelerator�sensor,�[%]

60 70 �� 90 ���

���� 1,87 1,87 1,87 1,87 1,87

���� 3,27 3,27 3,27 3,27 3,27

���� 3,65 3,65 3,65 3,65 3,65

1600 3,95 3,74 3,54 3,47 3,47

���� 2,76 1,55 -0,53 -1,62 -1,62

���� 4,08 3,90 2,27 -0,62 -2,00

���� 4,76 6,00 5,49 2,80 2,38

���� 2,43 5,51 6,00 5,13 4,73

���� 4,25 1,04 1,52 3,77 4,24

���� 4,62 1,18 1,90 4,58 2,91

���� 3,52 3,64 5,17 4,73 �T��

���� 2,65 2,52 2,17 3,04 2,85

���� 3,57 2,78 3,50 2,73 3,48

5.�CONCLUSION

Theoretical�analysis�and�building�MVEM�model�of�2.5�

TCI-A�diesel�engine�based�on�experimental�data�set�on�

engine�test�platform.�The�MVEM�model�takes�into�ac-

count� the� technological� characteristics�of� the�engine,�

the�properties�of�the�fuel�used.�The�construction�model�

can�be�used�to�study�the�dynamics�of�Hyundai�Starex�

vehicles.�
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