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Development of One-Piece Lower Control Arm
Based on Taguchi Optimization Method
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Abstract
As one way of cost innovation and weight saving of the automobile, the one-piece typed lower control arm was

developed for the purpose of replacing the box typed lower control arm. In order to overcome less buckling strength of the

one-piece typed lower control arm, the design parameters such as the high strength steel grade, the thickness and the shape

of main panel were optimized based on Taguchi method.
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Table 1 Examples of lower control arms
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. Characteristics
Case Material Type Rigidity
/ Process & Paintability Weight Cost
/ Strength
Steel Sheet Close Section
o .ee (Box Type) O X X A
/ Stamping :
Two Piece
Steel Sh'eet Open Seictlon o o A A
/ Stamping Two Piece
Steel Sh'eet Open Se.ction X o o o
/ Stamping One Piece
|
rorT One Piece @) O X A
/ Forging
Aluminum
/ Cast or One Piece A O O X
Forging
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Table 2 Comparison of material properties

. YS TS El HER
Materials
(MPa) | (MPa) (%) (%)
PH 477 571 27 83.5
FB 519 605 26 99.9
DP 417 643 28 57.8

Control Factors

A: Material of Main Panel

B: Thickness of Main Panel (mm)

C: Arc Radius between B and G

D: Depth of Groove (mm) (D)

E: Height of Side Wall (mm) (@)

F: Width of Curl (mm) (®)

G: Material of Reinforcement Panel
H: Thickness of Reinforcement Panel
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‘A’ Bush

Reinforcement
Panel

Main &
Panel

- ‘Buekiing -
Strangth
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Noise Factors (N)

Mechanical Properties of
Main and Reinforcement Panel
N1: Minimum Value
N2: Maximum Value

Fig. 2 Parametric diagram
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Fig. 3 (a) Boundary condition and (b) definition of
buckling strength in analysis for output
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Table 3 Levels of control factors (unit: mm)

(;;(;2:2(:1 Level 1 Level 2 Level 3
A FB540 FB590 -
B 2.9 3.2 3.6
C 205 230 -
D 12 17 23
E 20 25 30
F 0 15 30
G SAPH440 FBS540 FB590
H 0.0 1.3 2.6
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Table 4 Noise factors (unit: MPa)
Material NI (YS, TS) N2 (YS, TS)
SAPH440 290, 450 351, 512
FB540 414, 547 453, 613
FB590 460, 598 489, 655
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Fig. 4 Selection of the optimum parameter based on
(a) S/N ratio (b) mean value in response graph




Table 5§ Result of L18 orthogonal matrix

Run NO. A B C D E F G H NI N2 S/N MEAN

L1 1 1 | 1 1 1 1 i 1395 1626 9.3 1510

L2 1 1 2 2 2 2 2 2 1821 2159 184 1990

L3 1 1 ¥ 3 3 3 3 3 2275 2697 184 2486

14 1 2 1 1 2 2 3 3 2137 2514 18.8 2325

LS 1 2 2 2 3 3 I 1 1900 2244 18.6 2072

L6 1 2 | 3 1 1 2 2 1950 2310 18.5 2130

L7 1 3 1 2 1 3 2 3 2325 2938 15.7 2631

L8 1 3 2 3 2 1 3 1 1855 2181 18.8 2018

L9 1 3 1’ 1 3 2 ! 2 2190 2585 18.6 2387

Li0 2 1 1 3 3 2 2 i 1896 2206 19.4 2051

L1l 2 1 2 1 1 3 3 2 1509 1741 9.9 1625

L12 2 1 r 2 2 1 1 3 2192 2542 19.6 2367

L13 2 2 1 2 3 1 3 2 2360 2736 19.6 2548

L14 2 2 2 3 1 2 1 3 2189 2586 18.6 2387

Li5 2 2 1 1 2 3 2 1 1791 1870 30.3 1830

Li6 2 3 1 3 2 3 1 2 2631 3058 19.5 2844

L17 2 3 2 1 3 1 2 3 2530 2917 19.9 2723

L18 2 3 1’ 2 1 2 3 1 2007 2298 20.4 2152

T (average) - - 19.6 2227
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Factor Level Value | Level Value
17, (SN or Mean) = 41+ B3+C1+ D2 @ A 1 FB540 1 FB540
+El+ F3+G2+ H2-7T(S/N or MEAN) B 3 3.6 3 3.6
C 1 205 1 205
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Table 7 Confirmation analysis
Estimation Confirmation
S/N S/N
Mean Mean
(dB) (dB)

Initial 16.1 2458 15.8 2468
Optimum 20.6 2221 19.5 2072
Gain 4.5 - 3.7 -
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Fig. 6 Final shape of one piece lower control arm
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