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Using Sliding Mode Controllers

Youngsik Yoon™ - Seibum Choi" - Minseok Ko® - Jihoon Lim”

" Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology, 373-1 Guseong-dong
Yuseong-gu,Daejeon, 305-701, Korea
? 39-3, Sungbok-Dong,Suji-Gu, Yongin-Si, Gyeonggi-Do, 448-795,Korea Doosan Institute of Technology

Abstract : Recently, the emission of hazardous materials (NOx and PM) in diesel engine is a critical issue. The regulations
with respect to the NOx and PM are getting stricter, increasingly. Not only the emission problem but also fuel efficiency is
considered as a serious issue to develop new turbocharged diesel engines. Thus, currently diesel engines are equipped with
exhaust gas recirculation (EGR) and variable geometry turbocharger (VGT).

Basically, the diesel engine with EGR and VGT is a highly nonlinear system as well as a Multi-input and multi-output (MIMO)
system. Moreover, since EGR and VGT are powered by exhaust gas, severe coupling effect exists. However, conventional
Electric Control Unit (ECU) ignores this severe coupling effect and controls the turbocharged diesel engine by using
independent single-input single-output (SISO) control methods. Hence, the model based MIMO control method is required not
only to treat the coupling effect of EGR and VGT, but also to improve the performance of the engine operation with high fuel
economy and low emission level.

In this paper, three different model based sliding mode control approaches are proposed to regulate intake manifold pressure
(MAP) and exhaust manifold pressure (EXMAP), simultaneously, by controlling exhaust gas recirculation (EGR) flow rate and
turbine flow rate. The first approach is high performance robust controller design using nonlinear sliding surface. The second
approach is extended input-output linearization for sliding mode control. The third approach is using proportional integral
sliding mode control (PISMC) method into turbocharged diesel engine.

Key words: Diesel engine(t] A <l1%), Exhaust Gas Recirculation (EGR), Variable Geometry Turbocharger (VGT), Model
Based Control (521 7]¥+#]o]), Sliding Mode Control (£2}0] d E.=4]|0)

Nomenclature F: bunt gas fraction, [-]
m: mass, kg
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p : pressure, kpa

P : power, KW

R: ideal gas constant, kl/kg * K
T: temperature, K

V: volume, m
W: mass flow rate, kg/s

T : time constant, sec

7 : efficiency, [-]

¢, : specific heat at constant pressure, kl/kg + K
¢, : specific heat at constant volume, kl/kg - K
7 : specific heat ratio

pey =1/ 7
Subscripts

a: ambient

C: compressor

d: desired value

e: engine(cylinder)

EGR: exhaust gas recirculation
VGT: variable geometry turbocharger
f: fuel

i : intake manifold

ref: reference

t: turbine

x: exhaust manifold
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Fig. 1 Block diagram of closed loop system

Reduced
order model
[Diesel Engine]
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Table 1 Operating points used in simulation

Parameter Operating point1 | Operating point2
Engine speed 2000rpm 2000rpm
AF, 45 22.5
EGR, o 0.4 0.1
Wy 2.2/3600(kg/s) | 6.3/3600(kg/s)
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steady state response of intake manifold pressure

compare proposed method with linear sliding surface[pi]
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