g aX7HeetE 20039 EASEUS =3 pp2i8~282

AEAHEHE o|88 @ clade| CIEHENME 53 4A

ol F 25"

Design for the multistage sheet metal forming of wheel
disks by Design of Experiment

Myeong-Gyun Lee and Soo-1k O

Abstract
There is a strong industrial demands for the development of light-vehicle to improve fuel efficiency.

It is more effective to reduce weight of the parts directly driven by an automobile engine. So the saving

in weight of wheels which is operated by an automobile engine improve fuel efficiency more than other
parts. There are many step of sheet metal forming in fabricating automotive wheel, so that it is difficult
to design process and tools of multi-stage stamping. Traditionally, design process and tools have
depended on the experience of skilled workers and it has done by trial and error methods. However, it
needs too much costs and time. Taguchi methods has an advantage of the number of required
experiments and reliability compared with trial and error method. In this study, Taguchi methods and
response surface methods are applied to design process and tools of automotive wheel. As a result, the

principal variables are selected and process conditions are optimized.

Key Words : Design of Experiments, Taguchi Methods, Response Surface Method, Plastic Deformation,
Sheet Metal Forming, Multi-step Forming
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Fig. 1 Stages of wheel disc forming
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Fig. 2 Weak Section at 3rd stamping
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Fig. 3 Shape variables of 2nd draw

Table 1. Variables and level of 2nd draw

3 g Levell Level2 Level3
01 15° 25° 35°
hl 6mm 10mm 14mm
rl 10mm 20mm 30mm
r2 2mm 6mm 10mm
r3 6mm 15mm 24mm
4 Zmm 4mm 6mm

RFFE] 4BAHN %L vA= FFE n,
rs, hi91019, ¥ e FF¥FPo] AL W4z A
FEAG. JumGEA] Y& -7’&74]’{’“’_"::9} r3, %
ZHBAC a1 FAHE HEgy UgR 3
EQAY n, e UE #H5s4 ﬁ-&ﬂ‘ﬂ’qi 215
Aol v QdFgo] HuH Hrin FB2uuEA
o}

Table 3.2 EAgRE Z W
S/NH[ & el Eoju).

AR HYPAH dFS vAe EFE 1,
r;, 30|tk A BAHFY) WNSFE F
o] WMEzte] Ao AE EASNAT & Haed
o 4BUAE AN Feon LA,

WA E2o A rl, r4, hl,6:o] sk HPFB{?};H@,
g ANRHE Fad FHYRY AN =
< T3 ERFeE TS JHog
At

Gzl W@

i

_,.O‘L oﬁ, o

Table 2. S/N ratio of variables in inner section

Bl | Levell | Level2 | Level3 |Max-Min
61 13.129 13.019 15.316 2.297
rl 15.466 13.035 12.650 2.816
r3 14.966 13.261 13.878 1.705
hl | 11312 | 13891 | 16.261 4,949

2 14335 | 14280 | 12.848 1.487
T4 12367 | 13.843 | 15254 2.8387

Table 3. S/N ratio of variables in inner section

M4 | Levell | Level2 | Level3 |Max-Min
81 13.037 12.386 12.792 0.651
rl 14.295 12625 11.592 2.703
r3 13.570 12.101 12.372 1.465
hl 12.499 13.001 12.715 0.502
r2 13.452 12.466 12.298 1.154
4 12.984 12.776 12.455 0.529
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Fig. 4 Shape variables of 1st draw

52 s & 3 84

Table 5 & &4 W49 $2¥ S/NHE JEid
Fojth EE SAA uishA 8,3 60 Bisl R
2 Ao 9F¥E nAA @E Reg YA w
HEHE olReo] AEALS AEFY 6,9 A
348 gle AL AVHEE RE AA o
Aol XA,

Table. 594 2t W9 F&Fo| 354 Wit
A 2P Yl gt o] Qe A4 2
of iy} &8 Hojst AFEPL 2789 B
23S BEIHH F¥ @A §/Nujs 2
5 & Level2s} Level3Atelol HH 3o S A
L2 R2AFER 8F B,;E 35° 40° 45° IFEL
2 upolr 7% gAY gy 2o

£8;, 8  R1)=0.023+0.0126;+0.0005R+0.02348;

-0.0243R1-0.0004R8:~0.00018,8;
-0.00028:R;-0.00048;%-0.000385>

8,02, Ri= & 35°, 45°, 45mm o8 NAHHY

=3

45T Draw Tools .

—t

{
]
]
?"ﬂ Draw Tools
|
1
]
1
t
¥

Figg 5 Die lines by DOE and
Conventional methods

- 281 -



53 A gyt vl

Fig 55 A% o] Wid o8 dAd ¥+
LAY E AHEste] AR B FA =4
g agolth Fig 6. % Fig 7.2 243A8HE §
3 A" 2F 249 @Y dae e I4E
7 Ao el 9 vhEo AAFY F9
A B HF AFAA 271FA 32mmdl K@
FA 2EE o wAZANTEH FAAFAA
Ztzb vwste] EAIE agolrh

AFASuafRd AEAYEE ALY 2o
22 AgolM F2FA) 235mmzE AFHLHE
AHSERE Y 213mmET ¢ 10%, 33F A4 F oA
£ 2AFAA 273mmZ 235mmEt 16%AH =
FL ZAFE RolA®, FAFAME 23mmEz
262mmell Hl& 13%AE gk o2 Hol UF
AgRel 71U vg sFiiae € 5 8l

e

w -

VM ~T&E

Thickness{mm}
~
i
R

o -

12345867889 1011121314

-

I

Thickness{mm)
~
1
8

o =

12345678 91011121314

Fig. 6 Thickness distribution of 3rd draw
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