Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.2.568
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 2 pp. 568-575, 2023

= 1 =12 = =2 2 = 2 = 3*
OjFE, R, HES? U=, YL, BNR

= ’
'IROS 0ASEZE, WYMAF) FYATL, SBRUHT 1HRSHBoL

Light Weight of the Leg rest Module
using the Response Surface Method

Hyun-Tack Lee', Soo-Heon Park’ Bong-Ho Choi’, Bong-Gu Kim?,
Han-Sang Kimz, Seok-Moo Hong3
1Department of Future Convergence Engineering, Kongju National University
’Kwangmyung Industry Company Limited R&D Center
3Department of Future Automotive Engineering, Kongju National University

2

vy Aol 2 ANE A WG tEgol tigh &HRY 847 EokA| X St} wiio], E
AZLE ANE T 0get AEC gt /o] AP St} 2y BF £9 F7HE s 8], AsAd
7 BAE AT TEbA 2 =RoAs d94 FXE AEJ FEEH:= HIYLE BE FHIE Eﬂi
to}, AA GO AE BEY F4S EHole] RERS ARFPor, AEY A=A AAF 710l BA FA=
AMASl] ANSYSE o] &35te] & }.R_LOHH(FEA Finite Element Analysis)2 ZA3Jct AW w4 %(W), lﬁ"—
(h), B3 ZEX AYOE AA HEE A9, AA FAL HAd 571 S8S 58 T2 Y. 43
A g Ao Hast A7 ZF A 1_—1—3 Atsleld 2L 574 2 AP 13T B4S
A7 W7t 58 g vAE FEE it SRSEHHS Bo AA WHee 5F o] g A%

TEote] 58 T4rt HAa) He A HEE Zoldth O AR, o 7% Aol daetled, @1
D5 2L AANS A

) .

rO]l

ol
>“ _|

[> K o o O o fu w2 & FO
mlo

(M g

Abstract Consumer demand for convenience and comfort of seats to be applied to future automobiles
is increasing. For this reason, research and development on various seats, such as relaxation comfort
seats, are in progress. On the other hand, various problems arise due to the increase in the number of
parts. Therefore, this study aimed to reduce the weight of the leg-rest module applied to the relaxation
comfort seat. Modeling was carried out by imitating the actual product, and finite element analysis (FEA)
was performed using ANSYS after producing the boundary conditions in accordance with the reliability
test standards of the product. The front panel width (w), height (h), and distance between link modules
(' were designated as design variables, and the total mass and maximum equivalent stress were
designated as the objective function. To simultaneously minimize the set objective function, each design
variable was normalized. A new objective function was derived, and the influence of design variables on
the objective function was identified through sensitivity analysis. A prediction function for the design
variables and the objective function was derived through the response surface method, and the design
variables that minimized the objective function were found. The model reduced the weight by

approximately 7% and presented a new design proposal for the leg-rest module.
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Fig. 2. Initial model (a) panel, (b) link module and (c)
pipe

Table 1. Mechanical properties per part

Part Panel Link module| Front pipe | Rear pipe
Material | SAPH440-P | SPFH590-P | STKMI3B |  S45C
E[MPa]| 210000 | 210000 | 210000 | 210,000
plkg/m?| 7860 7,860 7,860 7,860
v[—] 03 03 03 03
oy [MPa 310 420 305 405
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Table 2. Results of FEA
Design variable Object function
Total mass Max. O, Normalized Normalized Y(FEA)
q
No. | w [mml | 4 [mm] / [oom] [kgl [MPa] Total mass, Yl [-] Max. O, Y2 [-] [-1
1 416 215 250 6.96 292.31 1.00 0.71 0.85
2 416 215 150 6.40 412.18 0.92 1.00 0.96
3 416 150 250 6.39 365.76 0.92 0.89 0.90
4 416 150 150 5.83 394.25 0.84 0.96 0.90
5 370 215 250 6.78 243.51 0.97 0.59 0.78
6 370 215 150 6.25 364.21 0.90 0.64 0.77
7 370 150 250 6.38 281.55 0.92 0.68 0.80
8 370 150 150 5.74 278.26 0.82 0.68 0.75
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Table 3. Results of FEA

Design variable Object function
o | m X | A X | L Xy | Towl mass | Max. O, Normalized Normalized YFEA) | YRSM)
[mm] [mm] [mm] kgl [MPal Total mass, )/] [-1]| Max. O, Y- o [ [-] [-]
1 416 215 250 6.96 308.54 1.00 0.75 0.87 0.86
2 416 215 200 6.66 335.15 0.96 0.81 0.88 0.87
3 416 215 150 6.40 382.25 0.92 0.93 0.92 0.91
4 416 180 250 6.60 312.21 0.95 0.76 0.85 0.83
5 416 180 200 6.32 337.24 0.91 0.82 0.86 0.84
6 416 180 150 6.04 389.34 0.87 0.94 0.91 0.88
7 416 150 250 6.39 314.98 0.92 0.76 0.84 0.83
8 416 150 200 6.15 327.57 0.88 0.79 0.84 0.83
9 416 150 150 5.83 412.25 0.84 1.00 0.92 0.88
10 393 215 250 6.89 307.65 0.99 0.75 0.87 0.84
11 393 215 200 6.61 316.64 0.95 0.77 0.86 0.84
12 393 215 150 6.33 339.54 0.91 0.82 0.87 0.87
13 393 180 250 6.55 299.25 0.94 0.73 0.83 0.81
14 393 180 200 6.26 308.58 0.90 0.75 0.82 0.81
15 393 180 150 5.98 345.54 0.86 0.84 0.85 0.84
16 393 150 250 6.34 276.51 0.91 0.67 0.79 0.81
17 393 150 200 6.06 293.85 0.87 0.71 0.79 0.80
18 393 150 150 5.80 351.57 0.83 0.85 0.84 0.83
19 370 215 250 6.78 243.51 0.97 0.59 0.78 0.78
20 370 215 200 6.57 251.78 0.94 0.61 0.78 0.76
21 370 215 150 6.25 284.54 0.90 0.69 0.79 0.78
22 370 180 250 6.45 234.87 0.93 0.57 0.75 0.75
23 370 180 200 6.21 244.12 0.89 0.59 0.74 0.73
24 370 180 150 5.93 260.78 0.85 0.63 0.74 0.75
25 370 150 250 6.38 257.54 0.92 0.62 0.77 0.74
26 370 150 200 5.91 267.57 0.85 0.65 0.75 0.72
27 370 150 150 5.74 278.26 0.82 0.67 0.75 0.73
1 SRERHES B 42 BREEY AT /3 s
, CEA RN g Be) d ARE vwety, 1 2TE Fig 6
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Fig. 6. Results of regression analysis using RSM o] HFHAZAES AUt T AFQ] A4S AA AE
ot H o2 gho) 7ol o129 150mm
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Table 4. Compare results

Design variable Object function
No. | m X | A Xy | 4 X | Total mass | Max. Oy Normalized Normalized Y(FEA)
[mm] [mm] [mm] lkgl [MPa] Total mass, Y1 ]| Max. O, YZ [ -1
Origin 416 215 250 6.96 308.54 1.00 0.75 0.87
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