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Finite Element Modeling and Testing for Force-measuring Wheel
Based on ABAQUS
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Abstract. Tire force information is the basis of research on vehicle dynamics control system and vehicle
reliability, and the most effective means for tire force testing is force-measuring wheel sensor (i. e. force-
measuring wheel ). At present, the research on force-measuring wheel mainly focused on elastomer
components, and in view of the significant influence of tire on the motion characteristics of vehicle, the
whole force-measuring wheel, including elastomer and rubber tire body was modeled and tested. Firstly,
the structure of force-measuring wheel was introduced in detail. Besides, the method of modeling tire
carcass and the method of dealing with contact problems between components were clarified, and a finite
element model of the force-measuring wheel prototype ( meridian tire 195/65R15) was established.
Then, based on the tire stiffness machine, the bench test of vertical working condition, lateral working
condition and longitudinal working condition of force-measuring wheel prototype was carried out. Finally,
the finite element simulation analysis of force-measuring wheel under three working conditions were
executed. The comparative analysis of test and simulation results showed that the maximum absolute
values of the relative error of strain values of each measuring point under the three working condition were
4.86% , 3.92% and 3. 15% , which indicated that the modeling method determined was feasible, and
the model can accurately reflect the wheel force under steady-state conditions. The rubber carcass and
elastomer as a whole were studied, which laid a foundation for the decoupling optimization of the multi-
dimensional force structure of force-measuring wheel.
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Fig.1 Structure diagram of force-measuring wheel
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Fig.2 Two-dimensional finite element model of tire
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Tab.1 Rubber material parameters

s ; ﬁ& ;
Co Cyo Cso
i TG 0.728 230 -0.269 18 0. 084 875
Jif il fig 0. 484 964 -0.13221 0. 042 146
SEEHE 2 I 1.242 562 -0.494 97 0.212215
WHRE KR 1.242 562 -0.494 97 0.212215
WHR 2 K 1.242 562 -0.494 97 0.212215
i B 1.242 562 -0.494 97 0.212215
Ji A 0. 874 706 -0.22225 0. 087 177
M2 I 0. 579 786 -0.22229 0. 085 520
=K 3. 180 557 -5.396 09 6.926 711
F 11T S i 1. 366 444 -0.51210 0.212 145
B 22 P e 3.180 557 ~5.396 09 6.926 711

%z 2 Rebar RS H#

Tab.2 Rebar material parameters

- TR PR L/ ﬁﬁfﬂ/ [H¥E/  AfEM/
MPa mm? mm )
WHE L 0.3 188500 0.1717 1.25 112
WHE2 0.3 188500 0.1717 1.25 68
A 2 0.4 6948 0.302 1.25 45
Ji M 0.4 9597 0. 302 0.274 0
] 24 1 0.3 206000 1.3273 1.7 90
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Fig.3 Three-dimensional tire finite element model
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Fig.4 Finite element assembly model of rim, elastomer, etc
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Fig.5 Finite element model of force-measuring wheel
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Fig. 6  Distribution of strain gages
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Fig.7 Force-measuring wheel test system schematic
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Tab.3 Repeatability of vertical condition bench test

5 B UK IE N AE/ we N AR Y {E/ wRM/

F5 1 2 3 4 5 6 e %
1 44.541 43.374 42.261 43.253 43.310 43.474 43.392 2.70
2 46. 674 45.339 43.959 45.179 45.239 45. 409 45.324 3.03
3 -121.278 —-121. 566 —-121. 266 —-120.982 -121. 141 -121.599 -121.370 -0.26
4 —-121. 145 —-121. 604 -121.568 -121.051 -121.210 -121. 668 -121.439 -0.26
5 —-120. 633 -121. 095 -122. 667 -121.077 -121. 236 -121. 694 —121. 465 1. 04
6 190. 158 187.482 185.010 186.951 187. 196 187. 904 187.450 1.44
7 587.346 586. 422 586. 284 587.790 587.346 585.578 586. 794 0.21
8 - 826. 500 -827.100 - 828. 867 —-824. 846 -825.929 —-829. 049 —-827.049 -0.27

x4 MEIRAERKIKEEN
Tab.4 Repeatability of lateral condition bench test

M A 5 YR N A2/ e N8 B fE/ M/

5 1 2 3 4 5 6 e %
5 -681.030 - 686. 728 -691. 329 -684.170 -685. 068 -687.656 -685.997 -0.78
6 713.573 706. 700 710.113 707. 861 708. 790 711. 468 709. 751 0.54
7 1504. 642 1511.876 1497.197 1499.768 1 501. 735 1 507. 409 1503.771 0.54
8 —1546. 633 —1556.458 —1543. 865 —1544.039 —1546. 064 -1551.906 —1548. 160 -0.53
9 66. 535 63.943 65. 355 65.070 65. 155 65. 401 65.243 2.00
10 -44.782 —-44. 686 -44.861 —-44.633 -44.692 —-44. 669 -44.721 -0.31
11 71.143 71.566 69. 726 70. 586 70. 678 70. 946 70.774 1.48
12 -46.324 -45.331 —-48.088 -46.432 -46.493 —-46. 669 -46.556 -3.29
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Tab.S Repeatability of longitudinal condition bench test

D= A YR B N e PASYME, WA/

e 1 2 3 5 6 pe %
13 —-326. 109 —-323.984 -325.68 -324.219 -324. 645 -325.871 -325.085 -0.34
14 383. 448 381.535 384.914 382.075 380. 576 384.022 382.762 0.57
15 —-420. 115 -418.024 -422.236 -418.783 -419.333 -420.917 -419.901 -0.56
16 559.131 558. 450 557.692 557.371 559. 477 556. 641 558. 127 0.49
17 -561.982 -559.218 -557. 406 —-557.748 -558.480 -560. 590 -559. 237 -0.20
18 419.414 418. 859 417.753 417. 338 417. 886 419. 464 418. 452 0.27
19 —-385.511 —-382.733 -383. 807 -382.791 -383.293 —-384.741 -383.813 -0.44
20 327. 663 326. 368 326.792 325.897 326. 325 327.557 326.767 0.27

6 VX SR 1Y T A2 M B, I e R4 X fELAS
0.57% . Zi LRIk, I Jy % 5 & 20 Ik & S fa i 1k
b, 1 B R AL

3 MWAERBARTHESHESHT

3.1 MAFERERTHE

M I 07 ZE % & B4k 90 09 S5 B 1 00, 1
NERGE SRR R, EE TR
15 U], 2 S0 46 8000 T 4% IS 38 1 5 AN MR A AL 1y
A H W ERE, BERKIRER 0.24 MPa, % i
5 iy 1 % B 0. 95, %t Hb T (R AA ) it in

(a)IEH T

(b)) T8¢

B B R Jr, LL 500 N Sy — AN BB B % K 1
JE] 6000 N, 58 i 56 fifi 5 M 1A 42 fioh £ T 2090 4=
g o U N S WA <O 1= 1 [ R DRV Y [ B
P B DA B T 0007 B O R wb R R B T M 4
Rl a5 FOINP SCHF R 3 43 Hr ok SE N 1 T
oL I T B A, R A S R T
T RN 1 1 0 DUV /N 1 0 DYV i =N R o R TR
My Hhiml 7% 8, LS mm S — AR, B W
#J 60 mm , i 1o M [f7 5 5 i AR B 5 4 A S BE A 1A
T3 I T3 B E . B 10 S AN A A0 g g 4
B HATEA .,

()P THL

Bl 10 Iy A 48 0 IO B AL TE A

Fig. 10 Simulation analysis deformation diagrams of force-measuring wheel
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Tab.6 Comparison of vertical condition test and Tab.8 Comparison of congitudinal condition
simulation test and simulation
MWers WM EYE/ e HENA/ne  MXREZE/ % MWers WY E/ e HENA/ne  MXREE/ %
1 43.392 45. 497 4.86 13 —-325.085 -323.621 -0.45
2 45.324 45.269 -0.12 14 382.762 381. 483 -0.33
3 -121.370 -125.533 3.43 15 -419.901 -422.732 0.67
4 -121.439 —126. 025 3.78 16 558. 127 557.788 -0.06
5 -121. 465 -118.779 -2.21 17 —-559.237 -561.910 0.49
6 187. 450 192. 308 2.59 18 418. 452 416.953 -0.36
7 586. 794 599.178 2.11 19 -383.813 —-395.906 3.15
8 -827. 049 —834. 622 0.92 20 326.767 329. 966 0.98

x7 MELTRXESHESL

A
Tab.7 Comparison of lateral condition test 4 zﬁlb
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. s iess oss 65R1S) (A TR . Skl J1 % 6 3 4Lk A
8 ~1548. 160 ~1546. 848 ~0.09 LA B A A b A5 LU B AE, 45 SR I H e A R

9 65.243 66.326 1. 66 TR R, B A BT 1T,
10 44721 46122 313 (2) e o050 T o0 m) Tl & 4208
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