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Optimization of the jounce bumper for suspension shock absorbers
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Abstract: The jounce bumper is an important part in the suspension system. Reasonable design of its
structure can effectively improve the NVH(noise, vibration and harshness) of the car. With the structure
parameters of the jounce bumper as design variables, the finite element calculation model was used to
calculate the performance of the jounce bumper under different parameter combinations, and then a
response surface proxy model for the jounce bumper performance calculation was established. The size
requirement of the jounce bumper was taken as the design variable and the optimal performance index of
the jounce bumper as the objective function to optimize the proxy model by the genetic algorithm. The
results show that the performance data of the jounce bumper calculated by the finite element model is
basically consistent with that of the physical test, and the jounce bumper optimized by the proposed method
has better performance.
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Fig. 1 Suspension elasticity curve Fig. 2 Stiffness curve of jounce bumper
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Fig. 3 Geometric model of jounce bumper and assembly model of finite element model
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Table 1 Mooney-Rivilin material constants
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B 0.538 0.135 0.000
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Fig. 4 Tooling diagram for testing the stiffness performance of the jounce bumper
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Table 2 The sizes of the jounce bumper and

their variation ranges

R %5 TE X ARl / mm
a M1 245 12.0~14.0
b ZZh P42 13.5~15.0
c Ml 2 45 10.5~12.0
d A 3 21z 16.5~18.5
e 2% ph B A A% 27.5~29.0
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Fig. 7 Structural parameter diagram of the jounce bumper

FIHT Lig (4°) IEZE R 22 HEIEAZ U L 2% PR I 7KF 3k 3 R,

3 BEEMKEIFE
Table 3 Values of the factors

IKF % a/mm b/mm ¢/mm d/mm e/mm
1 12.00 13.50 10.50 16.50 27.50
2 12.50 13.88 10.88 17.00 27.88
3 13.00 14.25 11.25 17.50 28.25
4 14.00 15.00 12.00 18.50 29.00
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Table 4 Value assignment of structural parameter orthogonal test and results by the finite element calculation

R Zh RS54 U ER e 5 il 4 1

i a/mm b/mm ¢/mm d/mm e/mm E/(m] + N™") F/N
1 12.00 9.88 14.88 17.00 27.88 5.22 795.68
2 14.00 9.50 15.25 17.00 29.00 5.16 715.18
3 12.50 9.88 15.25 18.50 27.50 5.64 1091.62
4 13.00 10.25 16.00 17.00 27.50 5.17 565.04
5 12.50 9.50 16.00 17.50 27.88 5.07 688.15
6 12.00 9.50 14.50 16.50 27.50 5.68 788.08
7 13.00 11.00 15.25 16.50 27.88 5.06 591.70
8 14.00 10.25 14.50 18.50 27.88 6.23 1194.79

9 13.00 9.88 14.50 17.50 29.00 5.42 1072.10
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KL F R S8 W fig 4 22 fi A
s a/mm b/mm ¢/mm d/mm e/mm E/(m] « N F/N
10 12.50 11.00 14.50 17.00 28.25 5.41 850.25
11 14.00 9.88 16.00 16.50 28.25 4.96 466.14
12 12.00 10.25 15.25 17.50 28.25 5.21 851.67
13 12.50 10.25 14.88 16.50 29.00 5.26 685.92
14 13.00 9.50 14.79 18.50 28.25 5.56 1 239.06
15 14.00 11.00 14.79 17.50 27.50 5.90 808.22
16 12.00 11.00 16.00 18.50 29.00 4.96 942.34
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Table 5 Intuitive analysis table of energy absorption efficiency (mJ - N 1)
PERETE bR TR H a b ¢ d e
K; 21.07 22.75 20.96 22.40 21.47
K, 21.38 21.94 20.97 21.58 21.24
K, 21.21 21.07 21.60 21.15 21.87
K 22.26 20.17 22.40 20.80 21.33
W 5.27 5.69 5.20 5.60 5.37
ws; 5.35 5.49 5.24 5.39 5.31
w3, 5.30 5.27 5.40 5.29 5.47
Wy 5.57 5.04 5.60 5.20 5.33
R; 0.30 0.65 0.36 0.40 0.06
ko6 EFENEERSHE
Table 6 Intuitive analysis table of compressive force value N
PERETE b 1T 3 a b ¢ d e
Ky 3 377.76 3 905.25 2 531.84 3 252.96 3 430.47
K, 3 315.94 3 528.87 2 926.15 3 270.32 3 425.57
K 3 467.93 3 250.18 3 420.17 3 407.12 3 297.42
K.,; 3184.34 2 661.66 4 467.81 3 415.57 3192.52
i 844.44 976.31 632.96 813.24 857.62
ws; 828.99 882.22 731.54 817.58 856.39
w3j 866.98 812.54 855.04 851.78 824.35
o 796.09 665.42 1 116.95 853.89 798.13
R; 70.90 310.92 484.99 40.65 59.49




%128

7R F AR ERBIR B LY REMEAT K

19

600

500 r

400

JHEFIN

200 |

100

o~

ey

e

e
u

0

0.0 0.2 04 0.6 0.8
% BB FR L/ (m) - N7

8 MEERMESHEMNRESTER

Fig. 8 Extreme results of energy absorption characteristics and force values
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Table 7 Value assignment of Box-Behnken test for structural parameters and

calculated results of E and F

K 56 ZEp R S W RE A T 2 fab 5k

W ¢/mm d/mm e/mm E/(m] « N F/N
0 10.50 17.50 27.50 5.95 909.80
1 14.50 18.50 28.25 6.27 1154.83
2 16.00 17.50 27.50 5.36 595.81
3 15.25 18.50 27.50 6.16 975.16
4 16.00 17.50 29.00 5.17 613.07
5 15.25 17.50 28.25 5.45 742.14
6 16.00 18.50 28.25 5.63 842.12
7 16.00 16.50 28.25 4.97 148.30
8 15.25 16.50 27.50 5.35 570.85
9 15.25 18.50 29.00 5.85 1098.41
10 14.50 17.50 27.50 5.75 842.46
11 14.50 16.50 28.25 5.30 649.36
12 15.25 16.50 29.00 5.15 571.59
13 14.50 17.50 29.00 5.78 932.36
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Table 8 Estimation coefficient of response surface proxy model

it A% MEEHEE/(m) - N iR %L MEHE F/N

a 48.921 bo 27 185.507
a 4.587 b, 2 103.422
a —0.607 b, —1925.233
as; —5.131 b —1 898.071
a, —0.102 b, —37.221
as —0.096 bs —32.287
ag —0.036 b 40.838
a; —0.014 bs —23.604
as 0.102 b 44.800
as 0.126 by 30.342

g A R AR AR Y W B AR YA OC R B 7 (D 0.990 7, JEBIAHSE R B 7 fH D 0.999 1,3
71 R WD I TR A 2R T N0 6 1R R AR R R ) B T A 25 S DN
T B UEAC BSR4 R R L AR BT XA N BEALIE £ 1 5 IR A AT i ABAQUS A FROGA R 5
DA AL BEFE bR (FEAD » 5 100 137 TR 0 5 () ~ (5D PN Ll 45 SRR 9 T
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Table 9 Response surface model test sample points and relative errors
Uigls Z P R S8 PERETR AR IROC T 3E Wi 7 T A% T T30 XTI 22/ %
%  ¢/mm  d/mm  e/mm  E/(m]+N')  F/N E/(mJ+ N  F/N  WREERCE O

1 14.00 17.00 28.00 5.41 679.76 5.37 672.78 0.6 1.0
2 14.00 18.00 28.00 5.92 963.29 5.80 900.77 2.0 6.5
3 15.50 17.50 28.50 5.52 753.83 5.34 704.82 3.3 6.5
4 15.50 17.00 28.50 5.21 636.43 5.19 601.12 0.5 5.6
5 15.50 17.50 28.50 5.52 753.83 5.34 704.82 3.3 6.5
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P = E. + F, (6)
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Table 10 Optimized combination of structural parameters
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Fig. 9 Performance before and after structural optimization
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