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A control algorithm for driving stability improvement of in-wheel motors vehicle
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ABSTRACT

In this paper, a control algorithm for the improvement of yaw and velocity stability of electrical
vehicle with two or four in-wheel motors is proposed. The vehicle is modeled with independently
operative in-wheel motor wheels. Different frictions on the wheels are regarded as disturbances,
which causes driving instability. In this situation the proposed algorithm enables stabilizing the
yaw motion and velocity of vehicle simultaneously. The proposed PID controller is composed
with two techniques, which enhance the disturbance reject and point tracking performances. One is
nonlinear gain function and the other one is improved integral controller operating as time based
weight function. Simulation is conducted to reveal its efficient performance.
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2.1 Dynamic and tire traction modeling
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Figure 1. Conventional vehicle Model
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2.2 In—wheel motor vehicle
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Figure 2. Conceptual diagram of four

In-wheel motor vehicle

Figure 3. modeling of four In-wheel motor vehicle
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Figure 4. Integral section of advanced
Integrator
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Figure 5. Weight in the window

Figure 4, 5°0142] weight functiono] 2J3}o] &
A BAYS= Error7t ZAC 2 AYE Errorktl 2
Weight #h& 2HA Ho =24, AAS] Error7b 2449
Error®t} © & 715AE 713 Akl #h
Figure 49 A8 FZ% weight 52 Window
o 3% Error datasel ofsl zb Ay Ajbo)
2 Matching3l] Weights 283 & 7 A9&&
gteln o]5 =23} slwl ofge} P00

(w[\'nEk‘()) + (w[(iEkl) + (w](?Ekz) +
Dvpwrerm =K1 L0 L4 (wy B, )+ (wy B, )

“4)

(2) Nonlinear gain

Nonlinear gain function- Set point?} Process
variable Atolo] AYsH= Ao Proportional gain
< WSAA Aolgtt. 7|E9 K, gain®l Error
Gap WidthEs AAste] A4 w2 HAE vlou



A HH Ky, gaine A-83to] Aofgtl. Gap width
7F AAEE Kol st A2 gaindl Ko U
o] BAS 3 2AAG QD o) AFoME K,
gains Yaw$} Velocityol] TF2 ®Haoz 83519
om vkt o] vEphITh

le]

Yaw : Kyp_ EGWK (5)
. le]
Velocity : Kyp= EGWKP (iflel > EGW)
Kyp= Kplotherwise)

3.2 Hot=l Yaw Velocity MO &12|&

o Aol A% 9 E%e BgLoz §4
ol ¥ EH AsAte] EAS M, 9% 2

Z vk o] 3E o]83to] Yaw ¢ VelocityE Al

Cla= ey Y2 Yaw<} Velocity

PID A71E F3to

1 2 o i @ ru
Y
2
ol
N

o b
k3
)
Pl

Advanced
FID controller

:I:ll Yaw |

Velocity

Force of
right wheel

Force of
left wheel

T Advanced

FID controller

Vehiclg control

Figure 6. Vehicle Control algorithm
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Table 1 Average peak values for friction coefficient
for different road condition

Surface Average peak

Asphalt and concrete (dry) 0.8-0.9

Asphalt (wet) 0.5-0.6
Concrete(wet) 0.8
Earth road(dry) 0.68
Earth road(wet) 0.55
Gravel 0.6
Ice 0.1
Snow(hard packed) 0.2

olrBETL AZNE ﬂm&%
(06)«] Qs A% npHd F

zo] S|%e AR 4

}s}\ E

Aolds JH
o] A#E o}
JE(0.8) = LA

Left Disturbance |

Amplitude

0.65|

200 250 300

Time

350

400 450

Figure 7. Left Disturbance

Advanced PID
Conventional PID

6
il =
2
o

Yaw angular

[ e e

350

250

Figure 8. Yaw angular PID result Comparison

209e



20.25

20.2

— — — — Conventional PID
Advanced PID

20.15 |

20.1

20.05

Velocity

20

19.95

—————
S R,
=

19.85

150 250 300

Time

200 350

Figure 9. Velocity PID result Comparison

gee oaBEs} A
AH0.6)0 AR &
B2 e, 9% e %

SEEEL)

s w(0.8)9F 2oIE
HpF o S e A
2e)(0.8) 2

Right Disturbance
0.85 ]
0.8 E
8 075 i
2
£
= 0.7 B
0.65 i
0.6
0.55 . . . .
150 200 250 300 350 200 450
Time
Figure 10. Right Disturbance
3
— — — — Conventional PID
2 | Advanced PID i
' (‘ [
1k 1 “ I i
l t I
5 | I fy
s O _/\J}\M‘L—J\/\Vex_’eﬁ_‘/\,e\_—
E i
s ~ \ I
<< -7 | |
5 1.7 " y | 1
> , | | |
I ! ‘1
2} “ | \‘ B
| I |
! | !
3} ! N
150 200 250 300 350 200 450
Time

Figure 11. Yaw angular PID result Comparison
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Figure 12. Yaw angular PID result Comparison
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