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Prediction of the Transient Performance of the Passenger
Diesel Engine with Turbocharger using HIL
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Abstract : The transient performance of the passenger diesel engine equipped with the variable geometry turbocharger
was simulated using HIL(hardware-in-the-loop) system. The system consists of engine model as software, and the
turbocharger test bench as hardware. The engine model is mean value model which is programmed by the Simulink of
the Mathworks. The turbocharger test bench is composed of a blower, some sensors, and DAQ boards. A real time
simulation is possible since the operating system based on the real time is included. The results show the good response
for the transient characteristics. Therefore this HIL system can be used for development of the new turbocharger

effectively.
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Table 1 Constants of the models

a; | 04809 | b, | 0.1626 | ¢, |-0.0012| d; |0.00401

ay 100024 | by | 2454 | ¢, [2.04819] d, |-0.24996

ag |-0.00002| by | 0.0761 | c; |-179.45| dy |2.39117

ay | 03 | b, 90657 | ¢, [0.03519] d, |-0.00003

as | 05 | by | 00492 | c; |-1.26686| dy |-0.01104
bs | 0.7748 | ¢ |-217.868| dg |2.40296
b, |-1.8194 | ¢, |2281.72] d; |24.1404
b | 72669 | cg |-1935.86] dg |0.68475
by |-252.74 | ¢y |-39.4261| dg |0.01113
byo | 222.98
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Table 2 Specifications of test engine

Specifications
Diesel/4

Type/No. of cylinder

Fuel supply system Common rail direct injection
Displacement (cc) 1991

Bore % Stroke (mm) 83%x92
Compression ratio 15

Air charging system | VGT(variable geometry turbocharger)
EGR system

HPL(high pressure loop)type

Table 3 Specifications of test system

Specifications
Dynamometer AVL, EC type, 160kW
Exhaust gas analyser - Horiba, MEXA 9100DEGR

Smoke meter AVL 415

TEMS, TDA-8000

Engine controller
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Table 4 Engine condition for simulation

Input parameter Condition
1 2 3
Engine speed (rpm) 2,000 2,000 2,000
A/F 20.3 233 234
Fuel rate (kg/h) 7.64 7.3 7.73
Intake manifold

temperature (°C) 607 659 704

Intake manifold

pressure (bar) 1.53 1.81 1.89
Turbine vane duty (%) 60 70 80
EGR rate 0.0 0.3 31
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Fig. 1 Comparison of torque between measured data and
simulated data
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Fig. 3 Comparison of turbocharger power between measured
data and simulated data

3. HIL AJ2AE
HIL A9l 7ha g Blu sk S 3 4a b
£ R, Ao AN AEES ASsE 43
g oo olE] 455 WG HIL FYF, Simu-

Transactions of the Korean Society of Automotive Engineers, Vol. 17, No. 5, 2009 129



Jin-Eun Chung - Youngwook Jin - Dong-young Jeong - Jae-Woo Chung

Table 5 Specifications of HIL system

uiz -+ Measured data
g —Simulated data Components Type Specifications
s ' Blower Roots 11 kW, 6.2 Nm*/min
$ e —— Thermal mass air, 580 Nm'/h
50 : s s Flow meter Orifice 6.0 Nm /min
Simulation condition number Pressure sensor NT-3100 -1~5 bar
600 ‘ Y R——— Temperature sensor RTD Pt-100
E 400 ~-Simulated data Signal supply PWM 140 Hz, 0~100 duty
£ U PCI-6602 Digital /O
g 200 7 DAQ board PCI-6713 Analog out
0 j 5 3 PCI-6071E Analog in
Simulation condition number Operating system | RedHawk linux QNX
Fig. 4 Comparison of NOx and smoke number between Real time software Opal-RT RT-Lab
measured data and simulated data S/W Mathworks Simulink
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Fig. 6 Measured air fuel ratio according to the change of
target air fuel ratio

2
——Mass air flow rate iroq
{~~Target AF |
25- T
210
2o €
>
-
1 ¥
190 §
z
2
1180 %
<
13
d70 8
R k‘%
\_‘/ 160
300 350 400 450 G

Time(sec)

Fig. 7 Air flow rate according to the change of target air fuel
ratio
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Fig. 8 Air fuel ratio according to the change of fuel rate at
the condition of fixed air fuel ratio
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Fig. 9 Air flow rate according to the change of fuel rate at
the condition of fixed air fuel ratio
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Fig. 10 Torque according to the change of fuel rate at the
condition of fixed air fuel ratio
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Fig. 11 NOx according to the change of fuel rate at the
condition of fixed air fuel ratio
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