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Abstract: To solve the problem of excessive slippage of the driving wheels when distributed electric
drive buses start on low-adhesion roads, an acceleration slip regulation CASR) control strategy based

on road identification and adaptive sliding mode control CASMC) was proposed. A nonlinear vehicle
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dynamics model and a Dugoff tire model were established. A road adhesion coefficient estimation
method was designed based on the high-degree cubature Kalman filter algorithm with singular value
decomposition. Combined with the tire parameters of the target vehicle model, the tire test module in
TruckSim was utilized to test tire characteristics and determine the optimal slip ratios under different
road surfaces, based on which an ASR trigger and exit mechanism was designed. An anti-slip control
algorithm based on ASMC was designed, into the reaching law of which an exponential adaptive gain
was introduced to adaptively adjust the control force according to the error size, accelerate the slip
ratio tracking speed, and suppress overshoot. Test maneuvers were set combined with the collected
real-vehicle starting data. Based on the joint simulation platform of MATLAB/Simulink and
TruckSim, the performance of the proposed ASR control strategy was verified under different starting
maneuvers and loads and compared with the traditional model predictive control (MPC) , first-order
sliding mode control (FOSMC) ,

results indicate that under four typical test maneuvers, the ASR control strategy based on ASMC

and integral sliding mode control (ISMC) methods. Analysis

minimizes both the average absolute error and root mean square error of slip ratio tracking; it increases
the bus speed by 30.45%, 10.01%, 24.55%, and 13.45% compared with MPC, by 5.62%,
5.08%, 5.38%, and 6.35% compared with FOSMC, and by 4.09%, 2.74%, 3.21%, and
4.64% compared with ISMC,

longitudinal stability and driving performance of distributed electric drive buses, providing an

respectively. The proposed ASR control strategy can improve the

important reference for the torque control system design of distributed electric drive buses.
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Fig.1 Seven-degree-of-freedom vehicle dynamics model
RIEHRE JoR5 ARG R s F) R IRk m
15 F o BRI T s F oz ST s iR s L &
s g ME IR 5 C, 23 BT REG A il R

0 N EE
) 3l g2 A

ma, = EF;"
-

ay,=v,t vy
) 2
2 F=(Fi+ Fi)sin(80) + (Fi + Fi)-

cos( )+ Fi+ F2
S0P a, B

L RS DA R /NE W
Ly=>M.=

[(Fi+ Fi)sin(8)+ (Fi+ Fi)cos(8) 4+

[(Fi—Fi)cos(6)+(Fi—F)sin(8)] (3

(wi/2)—(Fi+ F),+(Fi—F}) (w,/2)
S LA B R s ML % T M L L T
el 3] Jo s O B 5 DR i i 3R S 8 S 5 o A T P
FoHE s w R A IR .

iy ESI DA R /N W

Io,=T!—F'R,— T 4

AL oA RIS PR 0, W F R R T A 448
KA T s S L R, MR IR R 312 .
1.2 RERER

O A S B KT i v RS R RO A R T, R
Dugoff 53 Jif #8155 i (1 O\ 1h) 3 Rk i) 5
PR RE 5 S ke T B 2R O B IR 0 52 9
[6] g A (] S SR 0 R

A;

R,F A TRGRANG oA X BIRS B L G E 8RR 355 289
) . tan(ai) .
Fl=uFhi=uFiC——— (L) (6)
1—A;
L= (7
2 /C.AA+ C% tan*(a,)
2—L)L L <1
f(L)= ( ) (%)
1 L>1

K, HEE G -BE T N E REGF M — L5 R
W71 Fi oA — Ak s B pi 1 154 N 5% 0, b %
Fe AR AR 5 C, oA Fe RGNl W EE 5 C, hy % 6 000 ey 191 2
LA A B b AR R R e S 80

Dugoff 15 B, %8 i 19 9 1) W EE €, 50 17) W]
JE C e IG S0 S 5. R iR NI 52 2 Fh A
FRZ M, Hop e Ak e AR S e dR o B 3 R
P38 AT 1 B AR G T R 22 1 R B 2R A AR Ak Y R A
Ko M, A SCHET TruckSim ) 48 1 B8 6 A [7]
M EL T A T R E S BT LA S5 Rk 1
J7R o AESE BRI A, WIS B AT 3 A 47 1R v AR A S
B 2 A AT B A AR B .

F1 AEEEHE TR @RI EN E R E

Table 1 Longitudinal and lateral stiffness of tires under different

vertical loads
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Fig. 4 ASR control strategy framework for distributed electric drive buses
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Fig. 8 Results of different control methods under ice and snow road
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Fig. 9 Results of different control methods under docking road
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Fig. 11 Results of different control methods under waterlogged road

when the bus is fully loaded
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Table 5 Performance indicators of slip ratio tracking accuracy for

different control methods

T PEREFE AR iR

MPC | FOSMC | ISMC | ASMC

) xR | 0.026 0. 009 0.006 | 0.002
¥y iR 2% 0.049 0.020 0.016 | 0.009

) TR 2 | 0.070 0.066 0.064 | 0.060
g5 MR 2% 0.083 0.079 0.077 | 0.077

s TR | 0.027 0.010 0.007 | 0.002
5 M 2% 0.051 0.024 0.016 | 0.009

. LR R 2 | 0.020 0.011 0.009 | 0.003
Y5 MR 22 0.039 0.025 0.022 | 0.013
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Table 6 Time comparison of different control methods s

_— T A B ENGEZS e iokacling
s} [ MPC FOSMC ISMC ASMC
1 16 13.55 4.33 4.63 4.79
2 10 8.27 3.03 3. 14 3.15
3 10 8.76 3. 00 3. 26 3. 30
4 10 8.49 2.94 3.46 3.42
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