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Enhancement of Accuracy of Tire Wear Prediction Method by Reflection of Material
Temperature Characteristics
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In order to increase the prediction accuracy of tire
wear, prediction error has been decreased by setting
differing temperature characteristics for each rib in the
tread rubber viscosity, characteristic of a prediction
model. In addition, though previously challenging,
calculation of the wear degree for each rib has
increased the accuracy of uneven wear prediction,
such as center wear in the front tires of front wheel
drive vehicles and wear on the outer shoulders of
rear tires. This prediction model will make it possible
to predict the degree of wear, including uneven
wear, from the initial stage of vehicle development
in addition to studying rolling resistance and wet
braking performances, which will contribute to
increased vehicle development efficiency. By reducing
the necessity of conducting wear evaluation tests
using real vehicles, the model will also contribute to
reducing the person-hours involved in testing.
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V: Wear volume [mm?

k: Constant [-]

t: Coefficient of friction [-]

W: Load [N]

L: Slip distance [mm]

H: Rubber hardness [°]

o: Breaking strength [MPa]

&: Breaking strain [%]
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Fig. 1 Tread rib wear speed and groove depth

Li: Wear life [km]

i: Groove position No.

J: Rib position No.

D;: Groove depth at i [mm]
V'i: Wear speed at j [mm/km]
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u(T) = ftan6(T), E'(T)] (3)

u(T): Coefficient of friction at T (C) [-]
T: Temperature [C]

tan 5(T): Loss factor at T (C) [-]
E'(T): Storage modulus at T (C) [-]
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V;: Wear volume at j [mm’]

k;: Constant at j [-]

u;(T): Coefficient of friction at j [-]
W;: Contact patch pressure at j [MPa]
L;: Slip distance at j [mm]
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W.j: Average pressure [kg/mm?]
W,,j: Maximum pressure [kg/mm?]

S;: Slip distance (calculation) [mm]
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Table 1 Calculation results for slip distance
Front Rear
Rib #1 #5 | #1 #5
No. |(outy| %2 | #3 | # | (in) [ouy| #2 | #3 | #4 | (in)

Slip
distance | 4.43 | 5.26 | 5.49 | 5.22 | 4.61 |10.14| 7.21 | 4.13 | 0.74 | 3.03

[mm]
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Tangential force Lateral force
E 320 E 320
E E
c 240 c 240
9o o
Contour | § 160 ‘@ 160
graph | & o
8 80 8 80
c c
Q (0]
o 0 o 0
g 0 80 160 240 320 g 0 80 160 240 320
= Lateral position [mm] = Lateral position [mm]
. #1 #5 | #1 #5
Rib No. (out) #2 | #3 | #4 (in) | (out) #2 | #3 | #4 (in)
Force
[kN] -0.85]-10.02-30.39| -6.46 | -8.10|12.89| -0.25 | -5.25 |-11.34]-22.06}

Load: 4.3 [kN] Temperature: 25 [°C] V =34.3 [km/h]

Fig. 3 Contact patch shear force during vehicle

acceleration
Foot Tangential force Lateral force
print — —
€ €
£ £
c c
! S S
. #1 . #5 #1 . #5 Contour -g -g
Rib No. (out) #2 | #3 #4 (in) | (out) #2 | #3 #4 (in) graph a a
[ < 80
Load [kN] 4.82 3.55 = =
Toe [°] 0 0.09 (in) S o S o
: _ S 0 80 160 240 320 | S 0 80 160 240 320
Camber [°] 0 1.00 (negative) P Lateral position [mm] |~ Lateral position [mm]
W;[MPa] |0.36(0.36|0.38|0.37|0.36 | 0.37 | 0.36 | 0.38 | 0.37 | 0.36 . #1 #5 #1 #5
%) ©4) | 96) | (100) | (@8) | ©04) | ©7) | (95) | (100) | (97) | (@5) RibNo. | oupy| #2 | #3 | #4 | (in) | (out)y| #2 | #3 | #4 | (in)
Wy[MPa] [1.44(1.10|0.90(0.93(1.44|1.43(0.90|1.10|1.19|1.43 Force
iy (160) | (122) | (100) | (103) | (160 | (130) | (@2) | c100) | (108) | (130) [kN] |65:97|30.36|37.54|33.25|20.90|25.35| -2.64 |-18.92]-22.53-33.59

* Reference for maximum and average pressure

Fig. 2 Maximum and average pressure of contact
patch

Load: 4.3 [kN] Temperature: 25 [°C] V =25.5 [km/h]

Fig. 4 Contact patch shear force during vehicle
deceleration
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Wi= [ © oédi=ne}E"= ne} E'tan 5 (6)

Wi: Strain energy [J]
o: Internal stress [MPa]

&: Strain [mm]

&o: Maximum strain [mm]

450
a3
388
356
325
284
263
231
200
Load: 3.55 [kN] Toe angle: 0.09 [°] Camber angle: -1.00 [° ]

Fig. 5 Measurement of tire surface temperature on

flat track
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Fig. 6 Tire surface temperature distribution on flat
track
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102V, = Coaj X Wi+ Croty X Wi+ Cyi X S+ Ci X S/ +
CL‘(E')j X Ej'(T) + Cc(tanb‘)j X tand (T) + CC(H)j xH
+CC(5)jXO'+CC(g)jX8+kj (7)

C.: Coefficient of average pressure

Cyj: Coefficient of maximum pressure

C,;: Coefficient of slip distance

Cs2j: Coefficient of slip distance (square member)

Ce)js Ceqans)js Ceyjs Ce)js Cee)j: Coefficient of rubber

RO D728, HikEEIZTY 72 LD tan S, E' OFF
PEIZEET & 60°C » 5 40°C DFEPHTZL X 1, HEF M
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Fig. 7 Relationship between tand, E' and correlation
coefficient for front tire
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Fig. 8 Relationship between tand, E' and correlation
coefficient for rear tire
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Table 2 Maximum correlation coefficient and

temperature
" # #4
Groove position (out) #2 #3 (in)
0.766 | 0.802 | 0.800 | 0.844
Correlation | _ Current | “ios) | @t2s) | (at2s) | (at2s)
coefficient Proposed | 0-738 | 0.896 | 0893 | 0.859
[ p @35 | (at0) | (at10) | (at3s)

at

0793 | 0.311 | 0403 | 0.145
[tempfrature} Rear Current | o5y | (at2s) | (at2s) | (at2s)
rcl Pronosed | 0809 | 0791 | 0.683 | 0347
p (at 5) (@t0) | (at-35) | (at40)

Table 3 Results for multiple regression model
coefficients

Groove — Front yam Rear -
position (out) 2 3 (in) | (out) 2 3 (in)
Load

factor | Wa | 0.20(-0.05|-0.05|-0.25|-0.38 |-0.64 |-0.63 |-0.21
(Ave.)

Load

factor | Wb | 0.06|-0.02|-0.02| 0.02| 0.04|-0.05|-0.06 |-0.04
(Max)

Slip
distance
Slip
distance | S? |-7.22|-4.67|-4.67|12.59|-0.80(-0.97 (-0.83| 1.57
(Square)

S 8.51| 6.12| 6.12|-2.23| 1.78| 1.33| 1.17|-2.03

(tgfﬁ) 0.00{-0.35-0.35 | 0.01|-0.30-0.13| 0.10{ 0.22
((,ff) 0.62[-0.25 [-0.25 | -0.94|-0.63|-0.15|-0.14|-0.15

Material | Cc

property | (¢) 0.33(-0.20(-0.20| -0.52|-0.15|-0.04 | -0.06 | 0.07

Cc
(o)

Cc
(E")

-0.21| 1.02| 1.02| 0.61| 0.50| 0.39| 0.48|-0.16

-2.02| 0.66| 0.66| 2.73| 0.63| 0.05| 0.00|-0.79

Constant| k |[-3.93| 1.92| 1.92| 6.22| 5.43| 4.50| 3.47| 4.04

Table 2 k0o h7z, R (8)IcEAIhs k%
Table 3128 F. Zhkb, V72 DEMEHRERMNHET
x 7=,
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Table 4, 512, fiffm & $finDI5ERERC & 5 FEFEIF &
BETFL TP -BEFETFR AN T
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Table 4 Front tire wear life

Wear life [1000 km]
TestNo.| 1 |2 [ 3 |4 |5 |6 [7[8]|]9]|10[11[12]|13]| 14|15

Measure-
ment

34.1(30.3|29.2|32.3|33.2(36.8(34.7|31.1|25.6|28.2(28.5|23.0|21.1|20.8(20.8

Current |32.4(35.1(29.8|37.3|39.7(37.1(32.9(32.9|33.3|32.7(30.6(29.9|24.9|24.6(27.1

Proposed|31.4|35.1|29.9|33.3|36.7(36.5(34.1|34.0|32.0/|30.7|30.1(26.7(25.9(25.1|28.6

Table 5 Rear tire wear life

Wear life [1000 km]
TestNo.| 1 |2 | 3|4 |5 [6 |7 |89 |10[11[12[13|14]15

Measure-
ment

58.9(77.6/54.9|85.2|47.3|75.2(52.0|45.2|54.5|47.7|40.1|40.3|57.6|45.9(35.7

Current |44.1(67.2|49.3|73.8|53.1/68.5(49.3|53.1|68.7|54.1(46.1|51.1|49.0(39.8(46.6

Proposed|46.3(72.3(46.2|67.8|52.8|65.3(48.4|46.8|67.4|45.7(45.7|47.8|53.3|40.6(45.4

Fig. 9 1T/R$ & 512, AilnDIEE BEFEREAE RISH T 5
THIE FOHEEIE ORI, RIHO T T IL T 15.7%
IZXF L, EETFILTIE 12.5% & 3.2 KA ¥ bR KR
L7z, ##iTid, Fig. 10127833 & 512 16.2% 123 L 13.8%
&£ 2.4 FA Y FEMEIR L 72,

F 7z, FERBRIC K B R FFm & KT TIC K B Tl
M OMBIFRE A RS L 7. Fig. 11 12ATlR OSSR, Fig. 1212
HlRORERERT.

s OB R B0 0.821 40 5 0.866, il 0.760 7 5
0.809 &AL L 7=.
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Test No.

Fig. 9 Accuracy of prediction of front tire wear life for
current and proposed method
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Error between measured value
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= N
o o o
|
—
g
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[
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o
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Fig. 10 Accuracy of prediction of rear tire wear life
for current and proposed method
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Fig. 11 Estimation and measurement of front tire
wear life
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Fig. 12  Estimation and measurement of rear tire wear
life

50 Measurement 80 | == Measurement
-E «e..m----Current E‘ «+.-m----Current
a“ — x — Proposed ~ — % — Proposed
40 =
S S
E‘ . 60
= 30 =
© ]
] ]
= =
20 40
1 2 3

Groove position i
(a) Front

Groove position i
(b) Rear

Fig. 13 Estimation and measurement of uneven wear
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