[E&] s=4M7t2sts|x), & 18 H 13,2009
Transactions of Materials Processing, Vol. 18, No.1, 2009

CHRR S TEEE 0|83 EaYUY of Bu WY
35 H Hx 5

2Us YYS BIIE- AYH’

Optimization of the Tube Bending Process
of Taguchi’s Orthogonal Matrix

Z. H. Yin, M. S. Chae, K. J. Moon, Y. S. Kim
(Received December 3, 2008)

Abstract

This paper covers finite element simulations to evaluate tube bending process of auto chassis component i.e. trailing-
arm product. The rear of the auto chassis structure is primarily composed of CTBA and trailing-arm. When a car rolls into
a corner, the trailing arm reacts to roll in the same degree as the car body. During the bending process of trailing arm the
tube undergoes significant deformation. Thus forming defects such as excessive thinning and flattening of the tube will be
formed in the outside of the tube. In this paper, we analyzed the effect of process parameters in rotary draw bending
process and searched the optimized combination of process parameters using orthogonal arrays method to minimize the
forming defects. In this process we analyzed several parameters which are displacement of pressure die, boosting force,
initial position of mandrel bar, dimensions of mandrel in regarding to the thinning and flattening of the tube.
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Fig. 1 Trailing arm of the aute chassis component
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Fig. 2 Schematic diagram of rotary draw bending
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Fig. 3 Stress-strain curve of STKM13B
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Fig. 4 Finite elements analysis model of rotary draw
bending process
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Table 1 Parameters used in simulation
Young’s modulus 210GPa
Poisson’s ratio 0.3
Flow stress From tensile test
Density 7800kg/m?
Friction coefficient 0.1
Bending velocity 0.15radian/sec
Table 2 Level of process parameters
Parameter Level 1 Level 2 Level 3
Mb(mm) 4 2 0
Bf(MPa) 10 15 20
Ls{mm) 100 120 140
De(mm) 4 4 4
WE=15 BF=2

Fig. 5 Definitions of design parameters
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Table 3 L, (3°) orthogonal array for simulation

Simulation | A(MMb) | B®Bf) | C(Ls) | D(Dc)
1 1@ | 10 | 1a00) | 14
2 1@ | 205 | 20200 | 19
3 14 | 320 | 30140) | 1)
4 20) | 1a0) | 20200 | 14
5 22) | 205 | 3040) | 1@
6 22) | 3@oy | 1000) | 14
7 30) | 1(10) | 33140) | 14
8 300) | 2015 | 1000) | 1(®)
9 30) | 30) | 20200 | 14)

Table 4 Comparison of SN ratio for thinning

Simulation No. At 1n(dB)
1 11% -20.82
2 5% -13.97
3 13.75% -22.76
4 10.5% -20.42
5 6% -15.56
6 10.25% -20.21
7 9.5% -19.55
8 6.25% -15.91
9 7.5% -17.50
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Fig. 6 SN ratio of parameter level
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Table 5 ANOM and ANOVA Table for the rotary draw bending simulation

Average 7 by Level Sum of Sum of mean
Factor D.O.F Contribution
1 2 3 squares squares
A -19.18 -18.73 -17.65* 3.59** 2 1.795%* 0.0583
B -20.26 -15.14* -20.15 51.25 2 25.625 0.8299
C -18.98 -17.29* -19.29 6.91 2 3.455 0.1118
D _ -
Total — — — 61.75 6 30.875

*Indicates the optimum level.

**Indicates the sum of squares added to estimate the pooled error sum of squares in parentheses.
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Fig. 7 Stress and strain in outside of the tube
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Fig. 8 Cross section view of the tube bending section
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Fig. 9 Compare between simulation and experiment
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