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Abstract

Milli-structure components are classified as component group whose size is between macro and micro scale. that
is, about less than 20mm and larger than Imm. The forming of these components has a typical phenomenon of bulk
deformation with thin sheets because of the forming size. In order to conventional metal forming, where numerical
process simulation is already fully applied, the micro-forming process is characterized by some scale effects which
have to be considered in an advanced process simulation. milli-structure rectangular cup drawing is analyzed and
designed using the finite element method and experiment. The result of the finite element analysis is confirmed by a
series of experiments.

F, 22¥8e FAE FEAYAN B AN

B3 DEEAH 2L B ool AW, Yuky

LM 2 d HEETHL aU2 23F YYITA HEY

& doE wdel U =@ VFRE Aoxs

249 A2 Y229 Aoz AAHojxE FL 2B FHYAME AN AgAdE 9 v

29y 2299 FUES A2 WERY Aoz MM ARHE, FARA 4, add 2

© FUES 24% BEsaz 340 avga  (@an s ned Folok wu 2ely

7b g AEE, IMT-20008 $Eo0g ztge wxy 249 FFEYY(micro forming) Eokld 3

gk M2E 249 A gE29 7& e I Pe ATEL 4YL 5 I3 Awy
A

g W7 dAe FHEL 15 2H Ao
of ZEHR G 7]y RE REE PCY
weeg] Aol Az - g3 dela Aol

el dHQ BFFAHAA AgsE ARE

2
Bl AT Hu gon, 229 2EHY 4
g APYoz H§AR F glo] 29FY 24

S dY RE HopoA 427 ZZ28 Rolal B34 (metal flow analysis), FE4A 2L A
AFHAAL ok AW ol@@ xHyW, 2y TFA AN AT FasddEe A @

THA g% olHFd FAE FFLisH)

ey AY Yoz KLY A Avlg

T RAgem o 289 Yo T (size e-ffect)%: ke ol *1]_7]33’- A

" Badetm Fa3 o ZA7EdE A9 34, W o AAE, &
L wat 2RH A, o] e FE A
d& B3 FoAAh(1)(2)

- 754 -




A ZTULHoZ 74 urde] 9%
U, 248 7137 MEA AF ¥
% Micro-Machining®l] #3 a57F g
Ha goy AgA & FANA 714 Milli-
Structured] W F8Ado] v
ol Rolo g AFHA

7] NAEE e

¥ 27N RAEE FH) ANAH BH
A oA #deg v o wadse /E2HQ
A B Av)stm, o] FAE nFy) 97
A7 a e Y nZFE FPFAT. £2F 2A
E A HERY Y REQQ A IE =Y
Aolxel Y TR dizf FFarsye +3

2. Milli-Structure2| 7H4

yeto Ao HAY|E 2A¥ FH YYo=
TEsY B8 Ao ok A REL AV} 5
[mmle) F74 A4S 2= Ml structured) 8310}
Aotm Brh o]y Milli structure® Camcorder)
Deck FFelut, DVDQ| Optical Headd ¥, 4 mm9)
271 F pmd] FUEE 2= JALARE BE 1
RE9 ZYAE Ak Aoz, dukd JATA
F9 2719 4 mmolAe Macro structure$t
MEMS(Micro Electro Mechanical System)7|<ol 913t
submillimeter 27]2] Micro structure®] W&=s 7
olth. Milli-structuret= 2 Wj¥el um ©ole] w4 F
& IFs, B4 EAL £gsy] et AR
49 de, A5 2L #Ado| /}53EE 9AS A
ol (mm @9 Ax) I71E 23 Y FF 7}
A A2RE ov|gheh(3)

oA F2E JAR AL Ague Av|AT 9
A ga Asehs ZA Aot gt nla FxE2e A

$ vl4 284 aash B ase) A7l wE
-]
=

e

off H1 N2 N
sl

e

T pmFEoly] wEd 71Ee] W AANE @
AsiA gokd oA 2AH Qa6 7iEEEY ax9 A
FRgo] BAHA Aok F Are J)E BHS AA
e oA 2AA ear dutdoz rlakEty a49)
e A §7] Wi, vlsteaE 4% ;Y
AT o A 233 844 8 AAHE NAF
4AE AAE A% 718 B4 AR AHE 5 A

A, WA FEE A J14GH 24 v 24
A e 43 WA F e BF A7) e Ay
4oz Ame] B4ot 44 AGHA v4 294
247k 74 A7 woAekt o B wAA Hol, 4
AR A1SEA aame ohid M 244 A% 3
A neelor s Holth WAl F2Ee] AL 47
2 W) A lE QPGS Foho] DlATEE
1AH A& Agsa, w4 F2E FE-simdation
2 93] 93 48S $9 Azd 2] B%E 1
Aalol . QA FEEe] 2719 fAR AR 7)
AH Aow curve, HEAF, $5)& ZHote] A
Belo| o] 4B

N

3. ME2E Ho(Ag RERAHA

31 AERE Aeolx AAFE A

Z24% AR Aox HY FAHL 5FA
(blanking, drawing, sizing, piercing, trimming)
02 olFojA Ut B AEE AREI] 98
A A AR FH (progressive die)E A &Adte A
H JAFERY A2E AFIAY. B AP A
AbEE A AET WIHLEAA SPCE]
E8AZ+ tapping oil& AHEEIETE YwbE
2o Ag EAAE ot Table 1ol YeEtUR
. Punch® Lower die® t&F3d &Abo] Fig. 1
of gt}

PUNCH

9.2000
RO.4%00

BLANK HOLDER
1T o I TT T

VORKPIECE
- RO.4G00 46000
LOWER i
DIE
10.0000-

Fig. 1 A schematic diagram of the deep
drawing of square cup
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Table 1 Mechanical properties of material, SPCE

Specimen SPCE
Yield Strength(0.2%) 149MPa
Ultimate Tensile Strength 268MPa
n-value 0.25
r-value 217
C-value 537MPa
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Fig. 2 The final product geometry(unit:mm)
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Fig. 4 Microphotograph of SPCE specimen(x400)
(a)the initial blank (b)bottom corner (c)wall corner
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Fig. 3 The measurement positions of the grain size and
thickness distribution of the rectangular deep
drawing process
(a) the top view (b) the side view

32 AERE Aolze] fFE#RAHY
321 fraernds

223 AFEYH Aolx =29 FAHY FE8
28L& LS-DYNA3D 940 version®.2 485
Ko, #/F 227 (pre/post processer) A&
/%2872l FEMBE AM&8gth(5)

DEEPDRAWING: i - i =
[ RN

Punch

Blank Holder
P

" Workpiece

Lower Die

Fig. 5 The FE-model for rectangular cup
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Fig. 6 The effective strain distribution at
_the BHF, 260N
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Fig. 7 The thickness distribution at the
BHF, 260N
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Fig. 8 The thickness distribution at each BHF
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Fig. 9 The effective strain distribution of
the brick element type
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