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Abstract: Tire roll resistance and grip performance were important factors influencing the power deliv-
ery, fuel economy, braking capability, and safety performance of a vehicle. In order to achieve synergistic
improvement of rolling resistance and grip performance, a 205/55R16 tire was selected as the research ob-
ject. The tire was divided into three areas: tread, belt layer, and non-crown. According to six traditional
driving conditions, the control variable method was used to explore the influence rules of the main struc-
tural parameters on two properties. Further more, structural parameters significantly related to rolling resis-
tance and grip were selected through correlation analysis, and the response surface method was used for pa-
rameter optimization. The results show that the rolling resistance decreases by 22. 39 N and the grip im~-
proves by 6 N for the optimized tire under composite working conditions, achieving a synergistic improve-
ment of the two performance. The results have certain reference value for improving tire rolling resistance
and grip performance.

Key words: composite working condition; tire structural parameter; rolling resistance; grip perfor-
mance; response surface optimization
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Fig.1 Tread rubber and belt rubber test and

fitting curve
R4 205/55R16 #F i 52 bR R~ @ a7 = 2 4
A, 3@ i Hypermesh %t 4 i 47 W & Xl 43 . #E
ABAQUS H Az ji, = 4E5 584, I &1 2 fir s
- 343 -



REALA T RE B 37 & 5 23 2026 4F 2 H

F1 RIREEH YeohSHMEER
Tab.1 Fitting results of Yeoh parameters of

tire compounds

IR s Cy Cy Cy
i3 1 0.7079 —0.1851 0.0813
LA I 0.4513 —0.1574 0.0803
i 0 e 0.4709 0.1643 0.0838
G 0.4437 —0.1548 0.0789
RN 0.4460 —0.1556 0.0793
T 8 5 1.3161 —0.3538 0.1163
EAYI 0.4863 —0.1697 0.0865
= 2.4607 —0.7485 0.2222
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Fig.2 Tire finite element model
1.2 ARTERBEIE
2t 1 T 2 L B R i 42 b B 3 e AR
1] I RE o Sk 6 IE I A RORS B L oR R R
B HLXT 8 i 2R A7 i S I B W S R .
ARAT T 0 A A [R) 87 T B4 4 M B S L i TR 9 R
250 kPa, #fif 431 R 3.4.5.6 kN, i 5 15 5] ) 5
i 122 3t B35 5 A FR OG5 45 2R X e AR 1A 4 o
B LA S RO LA R R 2, X R B
TG 5 0 T A5 04 4 M T ) g0 A 1 DU AR AL 2
B AR LA — B, HeH 1 AN 9 i 5 i 5615 )
8 B A BT i 22 459 /8 306 B WY T At 4 8 I A
K JEE 505

iy
RBAL

MF8080L
PSR ek
JE )4 ks

MF8080—-Handle
SRR

AL
U ESON

B3 BFEAREN
Fig.3 Electronic pressure testing machine
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Fig.4 Comparison of tire static load grounding marks
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Tab.2 Comparison of tire static load

()3 kN (b)Ffi4 kN

grounding parameters
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I /mm | 101.44 | 114.00 | 133.03 | 148.55
PR | 5 EAE/mm | 98.61 | 112.06 | 131.11 | 146.45
M2/ % | 2.79 1.70 1.44 1.41
I /mm | 144.91 | 150.00 | 151.17 | 156.37
WM TE R | fiEE/mm | 148.22 | 15308 | 153.43 | 158.25
X2/ % | 2.84 2.05 1.50 1.20
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Fig.5 Comparison of radial stiffness curves
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HZ& A MRS 0 0 0.34 74.32
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Fig.6 Crown grounding profile structure
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Tab.4 Crown structure design scheme
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g A7 B 1 98 A7 B T ey B W 255 B 1
b, /mm h, /mm

FE R 170 11.5 0.75

1 164 11.5 0.75

2 176 11.5 0.75

3 170 9.5 0.75

4 170 13.5 0.75

5 170 11.5 0.55

6 170 11.5 0.95
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Tab.5 Rolling resistance and grip force of different tread structures

) BV B — R 1 R BRG] soaTmn |

zﬁzi LS | AW | ELWB | O RS | DRIRS | R S ﬁfﬁ?ﬁfgl WARA/N | A J1/N

KR 176.36 422.31 444.48 297.66 432.94 441.56 227.68 116.89 4333
1 199.24 450.55 474.73 318.80 465.78 472.47 251.41 129.07 4307
2 161.36 401.64 410.60 276.38 415.26 424.21 210.66 108.15 4336
3 162.02 407.93 425.16 280.59 415.60 430.79 212.81 109.25 4340
4 204.72 443.79 467.56 312.91 455.88 462.50 253.70 130.25 4318
5 184.91 429.86 452.52 302.66 441.13 449.11 235.73 115.68 4326
6 184.35 430.63 453.60 305.33 442.36 451.06 235.76 121.04 4336
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Fig.7 Ground marks of different tread structures
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Fig.8 Influence of tread structure parameters on

rolling resistance and grip
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Tab.6 Design scheme of belt layer structure
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Tab.7 Rolling resistance and grip force of different belt structures

: GRS — R B g ke /T AT N

f% 7 —— — - - Ai}; D s /N | g /N
WS | HR MRS | HRWE | HAME | W0 RS | MRIRED | R gy | RETRBUE/T
Hela 176.36 422,31 444.48 297.66 432.94 | 44156 227.68 116.89 4333
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11 151.62 390.70 412.82 273.03 407.61 | 409.69 202.06 103.74 4337
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Fig.10 Ground imprints of different
belt-layer structures
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Fig.11 Influence of structural parameters of the belt

layer on rolling resistance and grip
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Fig.12 Non-crown structure
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Tab.8 Non-crown structure design parameters
YT Hé{ﬁin"?ml%fﬁ jﬁ/ﬂiifi WJT%EqiE
Bt 68 40 27.55
13 63 40 27.55
14 73 40 27.55
15 68 35 27.55
16 68 45 27.55
17 68 40 22.55
18 68 40 32.55

/N 1.02 N HUHE 7 387y 10 N = ff % e BE 38 im 10
mm , V& P 2.69 NP S8 K 1 N i B e 75 )3
A1 10 mm, ERHI K 1.62 N, 3MHL J1ii /N4 N,

®9 AEIERBEERBRIMA

Tab.9 Rolling resistance and grip of different non-crown structures

% AR — F B e m ke /T FAT
Zﬁzi WA RS | HAW | WA | O s | MRS | nT;snT%R/J RHMI/N | JLA/N
FE iR 176.36 422.31 444 .48 297.66 432.94 441.56 227.68 116.89 4333
13 180.15 426.64 451.58 299.65 439.54 445.94 231.53 118.87 4337
14 179.32 421.78 445.19 294.85 432.49 440.28 229.55 117.85 4327
15 176.99 420.66 443.27 294.27 430.90 437.62 227.51 116.81 4328
16 181.62 429.11 452.41 298.57 439.87 448.83 232.77 119.50 4327
17 180.20 436.03 460.15 244.60 450.34 456.12 227.06 116.57 4335
18 181.72 419.12 437.16 291.10 428.62 435.30 230.21 118.19 4331
Pl 13 37 7% S A [ 7 %6 0 25 0 4 F 35 4 % i B
G ] PIEE ST RN R S L. P 1%
S8 A P 14 R gfgggg gfgggg
b He % 13 R 14 7T 61 VA 2 728 % % 253X 2316
W MBS K R B B R st g RodieX it I i
IR AR Al WA MR 2 M PR W AT B A, R EE O % 15 b — 0 —
16 7T 20 25 = 49 e 7 JIE 1 88 K iR T Ak 5 R Pa Pa
HEBEBA S REE RN mEREE R Bl
IV . HE T i ik 5 RE R A L VR B B B K B R ) g:%%g §:§§§§
U R4 3 9 43 A 4 50 TR FEE T I L 9T D 2615% 2397
AN RECOTR 7RIS, BT B B RO REAR B R 12585
o b 2 M T RRHE A A OO T X A 4 o T AR 5438 0778
N T 36 1 P A WA/ 5 R N Lo e
S35 A3 AT g MK I FLG i B it 451 ol 457TX16; 4611 X 10—
I R BRI 3ABRX0 IERXIG:
3.052 X10° 3.074 X 10°
I e A I, 85 3 £ B8 L VR B BEL 9 25 A e S8t S A
(L2 4T 7 5 ) SO/ 98 . = R I 7 R o 152610 1337108
o L VR N BEL 3 W AT B K I R S KR I §:§%2§%83 g:%ﬁ%i%%i

HaH e R IA] K I IS ) e . B I g
{1 38 K T8 Bl BH 3 WA 38 O AT T A D/ L X

FEIA WIE RE AR W N R . BT L Y N iR
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Fig.14 Effects of non-crown structure parameters on

rolling resistance and grip
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HH 56 28 B0 4 3ot R IE FL 5 3 k2K OF Sig fE
oK A T 2 5 A7 A A OGO &R L Sig=<0.05 i, 1 7AE
A A OG5 R 5 Sig=>0.05 i, P AR 7 AH G MR
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Tab.10 Correlation analysis result
b, h a b, b, 0 hy hy h,
r —0.457 0.458 0.117 0.035 0.485 0.559 —0.022 0.059 0.035
R
Sig 0.049 0.049 0.634 0.886 0.035 0.013 0.928 0.811 0.886
r 0.612 —0.464 0.211 0.063 0.290 —0.295 —0.211 —0.021 —0.084
Iy
Sig 0.005 0.045 0.386 0.797 0.236 0.220 0.386 0.932 0.731
211 HBSHREE
A Z }k N ML
4 % EU % #/A] 73 ﬂk ﬁE {JC s T]‘ Tab.11 Test parameters and values
7t 04 143 iy 5
4.1 WE Rz EHR 7T Eit AHS B 4 = 5 .
S [a] i 52 304 Jifs 7 2l BEL 7 B9 0/ IS LR 9T g — —T 1
R o x AT A S BE b, /mm 6 70 76
Q8K A A T B /NE . :
LECEN HE‘”F{%?E‘ Inig B BT R fr KA s 1-2 70 5 B 4/ mm 95 | 115 | 135
FAE AL B A5 R JH Box-Behnken (BBD) J7 ik y 2B HIRGEE by/mm | 143 | 148 | 153
B IR 90 7 58 L O AR A A5 15X 56 47 45 SR A At e z, Lk 0/(°) 66 70 74

N TH] B A A AT SE R A . Ry kA N [ AR
AN o B A AR P A B B R I B P AR
7 1 A7 A o DLs B 0 — 1Y B A g ) A2
= AIKCOE iR R 4 B —1.0 Fn L ERAE
T 36 A8 B R g A PR DL 11 i AT
i B AT I IR L2 R B RO 2 A
O3 MR s, R ey s W) 17 A VR 3 B T B AT 7 43
BEE N EF (x) 1 F,(2,) #5729 ik 56 7 % 9F
AU TP 7 28 (WL 3R 12,

WG 12 WP B A5 LU IR TR sh BH 1 KA

M T3 g A o A S 0 T ) L TR ASE Y W 7 TET R %
53 5k
Fi(2,)=116.89 — 8.27x, + 2.492, + 11.672, +

12.64x, + 2.22x,2, — 1.83x,205— 0.17x, 2, —
1.382,25 — 2.337,2, + 0.36x,0, + 3.18xF 4+ 1.1225 —

0.092% + 1.21x7 (3)
F,(x;)=4333 + 11.17x, — 6.75x, + 1.33x; + 0.25x, —
0.52,25, — 0.252,2; — 1.252,2, + 0.752,2; — 9.122% —
2x5— 4.132% — 5272 (4)
M) J7 R 50 [ 51 A TR ) S S 2R R S AR KRN
ML W3R 13, f R 13 A1, 4 B A5 bR B 2 3R
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212 HBRARRER
Tab.12 Experimental scheme and results
kS z, z, a, z, Fi(x) | Fy(z)
1 0 1 —1 0 110.40 4316
2 1 1 0 0 117.63 4324
3 1 0 0 1 125.85 4329
4 —1 0 —1 0 113.00 4307
5 1 0 0 —1 99.46 4330
6 0 —1 0 —1 104.73 4330
7 1 —1 0 0 106.67 4339
8 —1 0 0 —1 112.84 4308
9 1 0 1 0 121.55 4333
10 0 0 0 0 116.89 4333
11 0 0 —1 1 120.43 4328
12 0 0 0 0 116.89 4333
13 1 0 —1 0 102.13 4330
14 —1 —1 0 0 132.47 4318
15 —1 0 1 0 141.76 4312
16 0 0 0 0 116.89 4333
17 0 0 0 0 116.89 4333
18 —1 1 0 0 129.98 4304
19 0 1 0 —1 111.40 4317
20 0 —1 0 1 131.89 4332
21 0 1 1 0 128.22 4322
22 0 —1 1 0 128.48 4334
23 —1 0 0 1 139.91 4304
24 0 0 0 0 116.89 4333
25 0 0 —1 —1 94.55 4323
26 0 0 1 1 140.89 4327
27 0 0 1 —1 113.58 4325
28 0 1 0 1 133.90 4319
29 0 —1 —1 0 101.32 4335

3.930 41

-3.93041

.A;\A A

3.930 41

N
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-3.93041

15 91317 212529
YIS

1 5 91317212529
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E15 RESHE
Fig.15 Residual distribution diagram
BT 2400 JE FIN 3 WTIZORE B i 22 B0/ s BT
e PR I
42 BRMRURBFERIE
BT S B w7 1SR fdE Y Design-Expert
XEPIAS H b R B AT T8 . R RN 3R A5 /MR B
BH T3 J doe KA S A S A4 B A L A8 B 2 80
FH Y (A Y BN S A B O A B B9 e AR
LM SR, SIS HER REOC R A LI R
min Fi(x;,) minF,(x,) oM<z <ar™ (5)
i min F,(x,) smax F,(x,) ¥ 5 H xR 80, B e/NE 3
BEL 3 A0 e KA g 5 0, S 50 i 5 A A8 B B G ™ e R 7
Y f/ME S R R A .
AL G 75 2 fe i 2 0 & Koy A LR
14 LA R 45 -5 015 F 45 2R A 22 39 AR /DN & fe K A
250 0.05% EWILAL S R T (5 . Uik Ir R 5k
JIfy 05 B 45 R0 L WL 15,
F14 MUFTRERRBIE

Tab.14 Optimization scheme results verification

WK T 0.9, 28 5 R /INT 500 HAR M L3y
KT 4, L] BT A A BAT A B AT S L TR
AR 5k 22 73 A1 o 56 Tk A5 Y f RS B 2 L 40 P 15 B
o LA L BED D7 5P AR A I PP RE Ak 22 4

FE | a/mm |x,/mm|x,/mm | 2,/(°) |F\(x,)/N| F,(z,)/N
A% | 174.73 | 9.5 |145.37| 67.54 | 94.55 | 4338.49
PB4 | 174.73 | 9.5 |145.37| 67.54 | 94.50 | 4339
W25/ % 0.053 | 0.012

H1 2 15 AT A A0 A 7 S A0 L RE IR 76 7S F T 00

*13

i) 7 o7 43 1 A A B B L 5 B 45 R

Tab.13 The result of fit degree of response function

regression model

T BE B AR FE I AT Wl ARG G R R K 2
) 6 30 00, Ak B Ry 68.14 T, FRIE e /NI B
AMBES TR ERAD 37431, B

5 R R AR R Y (0 T RE R BFEREAR T 43.62 T, 7R sh B J1 08/ T
Fy(z) 0.93 0.32 16.91 22.39 N, [AJ B PUHE S 8GR T 6 No PR, #h i) i
Fy(x) 0.93 0.40 14.53 A BRI T R EGE T RIS T T T
*x15 E4TRMBEERILE
Tab.15 Comparison of simulation results under composite conditions
PIE S IR ) A;Efj_% W TI/N | 3k 77 /N
B R | AR | &M | W E RS | WS | ke | PEREBUE/T
FERiR 176.36 422.31 444.48 297.66 432.94 441.56 227.68 116.89 4333
(R IS 138.93 356.99 378.86 242.15 366.56 373.42 184.06 94.50 4339
et 37.43 65.32 65.62 55.51 66.38 68.14 43.62 22.39 6
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