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Abstract : The purpose of engine control TCS is to regulate engine torque to keep driven wheel slip in a desired range.
In this paper, engine control TCS using sliding mode control law based on engine model and estimated load torque is
proposed. This system includes a two-level controller. Slip controller calculates desired wheel torque, and engine tdrque
controller determines throttle angle for engine torque corresponding to desired wheel torque. Another issue is to
measure load torque for model based controller design. Luenberger observer with state variables of load torque and
engine speed solves this problem as estimating load torque. The performance of controller and observer is certificated
by simulation using 8-degree vehicle model, Pacejka tire model, and 2-state engine model. The simulation results in
various maneuvers during slippery and split road conditions showed that acceleration performance and ability of the
vehicle with TCS is improved. Also, the load torque observer could estimate real load torque very well, so its
performance was proved.

Key words : Traction control system(TCS, 7-% 2 o] A]#l), Slip control(Z ] ©]), Sliding mode control(&
g}o] g & = #) o)), Engine control TCS(1 2! & o] TCS), Load torque estimation( -3} = 3 74), Observer(#371)

Nomenclature m,ms : total & sprung mass
: roll & t
A . vehicle frontal area }Z’ r r.o li/.aw rade-:
ot
a,b : distance from cg to front & rear axle 1re roting facius

. . . Tq, Te T ¢ drivet A ine t , & load t
Cap. : drag coefficient & air density e Tt Ve torque, engine torque, o foac torque

. . Tw . lateral wheelbase(track width)
e : distance from sprung mass cg to roll axis UV " i&l veloci

. . . . s . forwar atera ocl
Fs, F. Fi : side, vertical, & traction force of one tire velocity

. _ a : throttle angle
Ly ¢ equivalent inertia at one wheel o
. . o . steering input to the front wheels
L2, Lixs, Ixzs : Vehicle moment of inertia
. . b5 : sprung mass roll angle
g : acceleration due to gravity
kest, ke roll steer coefficient of front & rear g% , %% : roll axis torsional stiffness & damping
@ . axle rotational speed
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Driving force

Friction coefficient

Side force

Traction control area

Slip ratio

Fig. 1 Characteristic of driving and lateral force
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Table 1 Engine parameters

Symbol Numerical value
ki 0.1843kg - s
ks 1.1980
k3 1.720 deg
ky 0.1030
ks 245kg” -5
kg -3.10x10° kg
kq 0.167kg" - s
kg 2220 kg’
kg 8.10x10 s
k1 0.3524
ki 1.0451x10°N - m - kg
I o 2675kg + m’

olth.

2.2 X2k mel

LS A 8RR Rtk &, T &
& (longitudinal motion), 3] %}8F 2=(lateral motion),
£ ¥ %(roll motion)¥} | v}
s "ETF Plela
FYPHL2 Hersirka 7Hggith o7 Fe 5

2Rk A8 Blo]ol= Pacejka RS ALE-FH

8 #5(yaw motion),
o 5L 5

m U= mVr+ Ffo‘f‘Fx/L“r FxrR+Fer (10)
~5 CAp.U?
mV+m.ep= —mUr+F ot F 11
+F gt F oy

Iy, r— Iz b= a(Fy,R+ F o) —&F g+ F,p0) (12)
Tw Tw
+ P (Fx)‘L+Fer)— 9 ( Fx/P+FxrR)

]XXS b+mse V_Ing T= (13)
~melUr+m =sing ,— ¢ s Ll’
w =—[T,,, ~dF ] (14)

where, i each wheel(fR, fL, rR, rL)
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