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Abstract:

existing researches on automatic driving ignore the

In view of the problem that most of the

friction performance of pavement, five kinds of asphalt
mixture rutting plate specimens were prepared in this
paper. Based on Persson’ s surface fractal friction theory
and the 3D tire-pavement finite element model, dynamic
friction coefficient and adhesion coefficient of asphalt
pavement were calculated to characterize the friction
performance. Matlab/Simulink software was used to
establish the dynamics control module of autonomous
vehicles, and the braking pressure of the wheel cylinder

was solved by reverse calculation based on the desired
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braking speed and pavement friction performance of the
vehicle to realize the braking process of the vehicle.
Finally, CarSim and Matlab/Simulink were used for co-
simulation, setting downhill braking and curve braking
conditions, and analyzing the influence of factors such as
longitudinal radius,

slope, curve

the

and pavement
superelevation on braking performance of

autonomous vehicles.

Keywords: 3D textures; asphalt pavement friction
performance; finite element models of tires; automated

vehicles; braking performance
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Tab.1 Material composition of asphalt mixture
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Fig.1 Grading curve of asphalt mixture

AR UED A A R A o I R R
SRS B TAE RS BRI B Ao TR
BTy kAT = A ) G RS 100
mm X 100 mm X 50 mm, 2315 21 G5tk , 641 3
A
1.1.2 R = e S R R A

AR SCAd 3 B 28 B VR-3000 = 4 5 J58 1l
A, 7E 2 P S s I i O A 0 i i 3R T — 4R
P A MR 1245, HOF A
ANF L0 pm, ARG E/NT 0.5 pm A5 R AL ]
B A7 0. 1 mm, 4594 X 368 T8 R 28 3 R 45 mm <100
mme. S IRAT 1 2 S AL R 5 POAK 1 R ST &
0.1 mmXO0. 1 mm. F3$8 315 AL A E R 2 450 X



o5 4 1 Z

W, 45 - 25 S TR R FE PR BE 1Y) 11 302

bR AR Al B R 491

1 000 By 45 1, FEr AR FEAS w1 Ly AR AR 1%
FAH AR DI 40, A AR 85 2 8] (1 ]
B2 0. 1 mm, FHI A ERZ A& E . AR
5 B B9 S B0 8 VR—-3000 G2 4381 4R 44 %
DN A A T FUAR L, S B I T L JSBR T
Po TCRIK I8 A A A B
1.2 hEREZHEEERSH
1.2.1 W I — 2 il T iRy

B 2 435 Jé o 1l H = 458 S 4941 VR-3000
ARAT 00 T R 2 T LSRR I S Y =
i T A5 A L R AR rp o 28 A 6 o 4 ) 4 D ) T
B, A UG AL /NE A 45 mm < 100 mmo M

y/mm

20 mm

AC-13

20mm*

SMA-5

20 mm

SMA-10

SMA-13

20 mm

a IR E LR R

b =

T2 o L S P % B = e iy T AR v 4 AT 7 45
PRI RN S AR SMA IR, AC TSR B
WS E] . AC-SIRIERYRIAE RSN 2o A e
R B SRR HARRHA 28 B i/, AC-13 I SMA-13
PRI, SMA-13 SR A2 PR K . M =4 il
BRIl AR, AC-5 R 1m0 35 B 22 50/,
4.842 mm, H R N SMA -5 14, 55 2% 4 5. 834
mm, SMA-10 3R {1 R 1H & FE 254 6. 935 mm, AC-13
FTSMA - 13 12 17 35 18 1y B 22 80K, 430 ol 7,829
7.445 mm. MES BRI K H ] LUE L SMA R
AAAE AC TR, 8 3050 1 i 26 9% 3 K, SMA-134k
PRh 2k s K

0O 10 20 30 40 50 60 70 80 90 100
2/mm

WWWMW

20 ]0 20 ?0 40 ‘J) 60 /0 80 90 100
a/mm

99.867
_ 2.200
TAWSRNIYAVAN

\/\/vvvvv

Y0 10 20 30 40 50 60 70 80 90 100
a/mm

0 10 20 30 40 50 60 70 80 90 100

a/mm

it

0 10 20 30 40 50 60 70 80 90 100
x/mm

HE TR B ¢ TP R T 1]

E2 =#HAMER
Fig.2 3D scans

1.2.2 P75 B SU R S S8
AR SCHI = 4 5 B I A VR-3000 14 43 B 4K
A A g s R A AR B ) i I, 3 T

B 3R 0 R AE 2 B0 7 148 3 B (mean
texture depth, MTD) , ] DA i 2 T8 803 M1 A F
IR



492 [l o K 2 2 MCH 9K BE 2% O

%52 %

P GE 0~ KAy i DR BT 38 07 ik bk,
AR RS B AT AR B 7 X 5 1400 A
Ak, AR R U B AR TR, DU AR T AR
(14 FEAE RIS P40 s TR, AEZ T i A S PR it
FEr sz NN Z AR

ARSCAR 22 D0 SR (10 3 ), (7 FH A s P
(R I N

MTD:% (1)

e Ve RTINSO MMA ; S 43 DX AR
1.960
1.500
\E 1.000
2 050
0

—0.500
B3 FHmiERETHERE
Fig.3 Calculation principle of MTD

£ VR-3000 73T H , 328 5 1A 3 T e e
O i B R, DU R 00 ) R AR 5 e e 2
VI {EL7I - T FRL RS S 125 ] AR AR, B Vs S X
Sy T BR Ay P R A D703 i A R AR A, B S
RIF A (D BT

oy 2 TP TSR AE R A, R Rl R R
MTD ${E 9 A% K/ Ky SMA - 13> SMA - 10>
AC-13> SMA-5> AC-5, SMA-13 il {419 F- 344
WRBE K, 4 1. 455 mm, AC-5 i - B F s TR
FEfR/IN, 20,692 mm. MTD BUE 5IR A BHE K2
PRRLARAT 5%, e SRR R 5 A PR 3R - 2
FaY 38 R B R s MTTD B R/ IR 5 B 2R 2 A
HAERI N SMA™ AC.

Fx2 THHMERETEER
Tab.2 Calculation results of MTD

eSS V,,,/mm® S/mm” MTD/mm
AC-5 3101.162 4481.110 0.692
AC-13 3 504. 532 4 400. 128 0.797
SMA-5 3193. 436 4 483. 445 0.712
SMA-10 5189. 360 4.403. 559 1.178
SMA-13 6411.299 4405.743 1.455

2 ET=HEgIRMER IR ITEM

2.1 REHSFEEER

Persson" 4 ) i R 1A 70 E BE 4R 3L (&1 4) , 9%
VFZEMEIE 2435 N R H R EEST A9 i 4 TR AR 12 fih
FNEEEREAY BT Ry A~ B R BE 45 RE 52 o | IR
TR RGAREE 5 H TH Z [] i A AL, 2 R A
TR GT 6 TR % T A AR R A BTk . AR e e A A
T L RIS B AE B TH ) W s, BEA8E T 1Y = R
FEORE T PR - RS -

FERARIR

w1
B ——

4 REHFEREIER

Fig.4 Surface fractal friction theory
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Fig.11 Simulation result of different longitudinal

slopes
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Tab.3 Recommended safe distance for longitudinal

slope roads
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Fig.12 Braking time and braking distance versus

curve radius
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Fig.13 Lateral offset pattern
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Tab.5 Recommended safe distance for different

curve radii
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Fig.15 Variation of braking time and braking dis-

tance with pavement superelevation
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Tab.6 Lateral offset distribution of different

pavement superelevation
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Fig.16 Variation of maximum lateral offset distance
and maximum yaw rate with pavement su-

perelevation
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