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Abstract : In this study, support bump was developed in order to increase the energy absorption of the jounce bump. The support
bump was made by benchmarking the rebound bump into the shock absorber. In addition, the support bump was made of TPE
material, and the simulation model was verified by using the load-deflection test result. The validated simulation model was

developed by using an experimental design method. The objective function takes into account both the energy absorption and the
slope of the damping force curve according to the high speed/impact compression amount. As a result of the optimization, a design
parameter value that meets the design purpose was found. The support bump was manufactured by using optimized design

parameters to confirm the compressive strain before and after the durability test. Moreover, the results of the load-deflection test
simulation of the optimization support bump were compared, and there was no significant difference. Finally, it was confirmed that
the amount of energy absorption was increased by approximately 11% from the load-deflection test result of the support-jounce

bump assembly.
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Table 1 Material properties of TPE

Material property Value
. Yield stress (Mpa) 38
Mechanical property - -
Yield strain (%) 37
. Young’s modulus (Mpa) 220
Elastic property - -
Poisson’s Ratio 0.35
Stress at 25 % (Mpa) 34.29
. Stress at 41.5 % (Mpa) 28.29
Plastic Property
Stress at 100 % (Mpa) 29.67
Stress at 640 % (Mpa) 36.29
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Fig. 1 Performance test jig of support bump
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Fig. 3 Test-simulation LD comparison results of support bump
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Table 2 Design parameter (unit : mm)
Number of parameter : 2
Name Min (-1) Current (0) Max (+1)
t (thickness) 0.8 1.0 1.2
h (height) 2.9 3.1 33

<Test> <Simulation> @ t (thl ckne SS)
(a) Compression : 0 mm, Load : 0 kN

@ h (height)

Fig. 5 Design parameter of support bump
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Table 3 Central composite design table (unit : mm)

t h Result

1 -1 -1 0.18

2 -1 1 0.39

3 1 -1 0.123

4 1 1 0.417778

5 0 0 0.140489

6 -1 0 0.15

7 1 0 0.177778

8 0 -1 0.17511

9 0 1 0.370889

y = 0.138222333 -+ 0.018889333z, +0.2759995x, (8)
+0.0268z7 —0.039199522 — 0.00750052 5

where y = energy absorption (N -mm)
x, = thickness (mm)

x4 = height (mm)
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Table 4 Form of ANOVA Table

Factor S ® Vv Fo F(0)
Regression VSR -
variation SSR k MSR VRE F-Distribution
Residual | ogp | el | MSE

variation

Sum SST n-1

Table 5 Calculated ANOVA Table

Factor S D \4 Fo F(o)
Regression | | 150408 | 2 | 0.0576214 | 27548 | 1093
variation

Residual | 5012550 | 6 | 0.000209166

variation

Sum 0.1139879 | 8

Table 6 Optimization result of support bump design parameter

Parameter Current Optimized

t (mm) 1.0 1.096 (=1.1)

h (mm) 3.1 3.247 (=3.25)
SSR= BTXTY—n(Y)*
SST= Y y—n(Y)?
SSE= SST— SSR ©9)

MSR = SSR/k
MSE=SSE/(n—k—1)
F, = MSR/MSE
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Table 7 Optimization result of support bump objective function

Parameter Current Optimization
Energy absorption
gy absorp 54237.52 5484586
(N -mm)
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Fig. 6 Support bump optimization comparison results
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Fig. 7 Test-simulation LD comparison results of optimized support
bump

t and Optimization of Support Bumper for Increasing the Energy Absorption of the Jounce Bumper
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Fig. 9 Support-jounce bump assembly LD comparison results

Table 8 Energy absorption comparison

Only jounce bump

Support-jounce bump
assembly

Energy absorption

(kKN -mm)

68.30

76.06
(1136 % 1)
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