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NOMENCLATURE

: ¥ & 5wl (deformation tensor)

: Cauchy-green

D 27] Aol A9 A F HE(nodal coordinate in the initial state)
;7 ol¥A]l Al4=(normal anisotropy)

: 7}& A3} A 4(strain hardening exponent)

D Hille] 4l o]l 2 A4 (index used in Hill’s new yield criterion)
A 734 A9 (tangential stiffness)

D8 WEE £ X (effective strain rate)

& W3 E(effective strain)
<= W& S (logarithmic strain)
. Determinant



SUMMARY

Sheet Metal Forming Manufacturing Process is a process of producing the final
product of complex geometry by plastic manufacturing of sheet metal and has
several applications so that it can be used in automotive, aerospace, electric and
electronic industry. Among finite element methods, incremental finite element
method which is the most used in sheet metal forming is an analysis method of
reducing step size of forming process and is also accurate method to see all
medium path of deformation history. However it is difficult to use and takes many
times to analysis. To improve the problems of these incremental finite element
method, one-step finite element ‘method using plastic deformation theory is
developed. This method solves the problems assuming only one step deforms
directly from initial blank to final shape. Even though it has a problem to predict
of accurate solution because of omitting medium process, One-step method has an
advantage of time saving. And in design step, trial and error can be reduced by
obtaining necessary information in fast time applying one-step finite element
method. Also after predicting initial blank, it can reduce the time and cost of
trimming. In this study One-step method having several features in initial
manufacturing design stage is compared with incremental method and the result of

this analysis is discussed.
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(a) Blank shape

(b) Formability distribution

Fig. 4 One-step FEM process
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(c) Forming limit diagram
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Fig. 5 The application Module of one-step FEM process
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Fig. 6 Transformation of element from the final state to the initial state

(a) (b)
Fig. 7 The blank shape of a square cup using the geometric mapping method

(a)schematic view of the square cup (b)calculated initial blank shape
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Fig. 9 Flow chart for initial blank design tool

Table 1 Material property (square cup)

Initial material

number of number of
. n-value r-value
thickness nodes element
0.8mm 0.185 1.87 121 200
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Fig.

Fig. 10 Schematic view of the square cup
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Table 2 Input condition (incremental)

material

Initial material
thickness

Binder pressure

Bead

CushionHeight

SPCEN

0.8mm

7 ton

round bead

40mm

Fig. 15 Tool setting
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(a) Early binding result (b) Cushion height 40mm

(c) Cushion height 20mm (d) Cushion height Omm

Fig. 16 Formability distribution (incremental)
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(a) Edge restraint conditions free (b) Edge restraint conditions locked

(c) Edge restraint conditions r0.3 (d) Edge restraint conditions r0.6

Fig. 17 Formability distribution (one-step)
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Fig. 18 Material properties (incremental)
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Table 3 Input condition (incremental)

material

Initial material
thickness

Binder pressure

Bead

CushionHeight

SPCC

0.8mm

30 ton

not used

50mm

Fig. 19 Tool setting
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%

(a) Early binding result (b) Cushion height 40mm

(c) Cushion height 10mm (d) Cushion height Omm

Fig. 20 Formability distribution (incremental)
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%

(a) Edge restraint conditions free (b) Edge restraint conditions locked
I
J

(c) Edge restraint conditions r0.3 (d) Edge restraint conditions r0.6

Fig. 21 Formability distribution (one-step)
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Fig. 22 Material properties (incremental)
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Table 4 Input condition (incremental)

material

Initial material
thickness

Binder pressure

Bead

CushionHeight

DC04

0.8mn

35 ton

round bead

50mn

Fig. 23 Tool setting
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(a) Early binding result (b) Cushion height 30mm

(c) Cushion height 10mm (d) Cushion height Omm

Fig. 24 Formability distribution (incremental)
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4L

(a) Edge restraint conditions free (b) Edge restraint conditions locked

LdL

(c) Edge restraint conditions r0.3 (d) Edge restraint conditions r0.6

Fig. 25 Formability distribution (one-step)
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e ] FAgelA] FAolHA AL gt Aol o] Kzha 2ol HA @Al

sty or Lyl s BTA4 24 12 A8 2EAFe] a7HE T

A7 ¢} Incremental W o] s A4S vwdy} KTk N3] gabd 53 34

o] UetbE 9A7F dAstH ~E# Aol Hagh Lyike] O3k AR 2

ANE A4S F A} A o7 2 T JEe] 4% One-Step'd ™ ©]
H

g7k @ Aow

3. 4 Tailgate XiA|EHS M sHA

et o g2 Alg-® 2A|#d Tailgater= BLANK SIZE 1200mm*100mm= & 3
dolm AR FAANE HZ3 FHS A= FAolt

Incremental WA AEEA 2= Fig. 26, 9HAZAL Table. 59F oW Fig. 27
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& EANY #AAHS B33 vk, Cushion heights= 120mmE o] Fig. 2804 ¢ 2
o] AgA¥E Vet
One-Step WHY A5 AR FAZXHL Incremental AW Zom 9

224 free, lock. 10.3, r0.60] WE APEIEE Fig. 29914 & 5 Ut}

Fig. 26 Material properties (incremental)
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Table 5 Input condition (incremental)

material

Initial material
thickness

Binder pressure

Bead

CushionHeight

APFC340

0.8mn

40 ton

round bead

120mm

Fig. 27 Tool setting
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(a) Early binding result (b) Cushion height 40mm

(c) Cushion height 10mm (d) Cushion height Omm

Fig. 28 Formability distribution (incremental)

_34_



(a) Edge restraint conditions free (b) Edge restraint conditions locked

(c) Edge restraint conditions r0.3 (d) Edge restraint conditions r0.6

Fig. 29 Formability distribution (one-step)
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3. 4. 1 Incremental & One-Step A ¥ AAU e &

Incremental HH oA AAAZFE PC-Pentium/1.5 GHzoll A 5683.7 sec(9F 1A]7F
35%) 225t fig. 109] Cushion heightl20mnel] @& AP A3 Ayrw o=
o = F&o] WA WFdA e I, AddATFS BT tiAA R FHo

AAZE e wRelA she] WAgor PyztdA B @4 QA sty

One-Step W ol A AMFAZF2 PC-Pentium/1.5 GHzol Al 91.7 sec(¢f 13 32%)4
85 Fig 119 FFEHxed me s ZA3E ARy o242 freeol A
R77ha o] 9teb A4S B 10394+ RHe] stdbo] Alstdl Tk A=
- JHEEEE Holes STl UeEH. o3 Adr & w T &z freedl A
gheko] WAE  RTZFS Incremental iAZA# e T E AAE Holal dAow o

T4 103 % ST PH7ro] v|£dk gduAsgogm Ho|X|uk Ao R F
EAF A Fe A Fe Aag Bk v Bgaa gy Aaw

9 Fgoli One-Step WL AS 9L W A AAe] JhEr} WojPe & &
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