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SUMMARY

Sheet metal forming process consists of various and complex process of
drawing, bending, stretching and trimming process, etc. Sheet metal forming
process by the mechanical properties and forming condition the shape badness
problem occurs such as wrinkling and crack. Correction expense of die by these
defect occurrence is appearing as a big damage in industry. It is more than 30%
of whole die expense. These damages are decreasing greatly as that preliminary
correction of deformities analysis through computer simulation becomes available
before die completion to the development of recently various finite element
analysis software. Method of finite element analysis could be divided
static-implicit method and dynamic-explicit method. An autoform uses in this
study is the finite element analysis software which applies the static—implicit
method. It still remains that problem such as spring-back is not solved perfectly
yvet one spring that the problem of sheet metal forming is solved by development
and growth of various forming analysis software. Regarding the spring-back and
bends overriding part to evaluate the result forming analysis from this study and
it tried. Element that apply in analysis is shell element and membrane element.
Also, it estimated prediction possibility of wrinkles and spring—back occurrences
through comparison with analysis result and actuality mouldings that apply shell
element. when the membrane element apply, the result of study is more accurate
compared to shell element. When it apply shell element, spring—back and analysis
result of flange process approximated to experiment result. But, it takes long time
to interpretate the experiment then appling the membrane element. Therefore,
simple drawing process applies membrane element, and spring—back and analysis

of flange process are judged that it is most efficient that apply shell element.
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Table 1 A sort of high tensile steel

Tensile
Posco Strength o
Grade Strength Application
5 Standards Method
(N/mm°)
Commercial 440 CHSP45C Precipitation seat rail,
Quality 550 CHSP60C Strengthening |member bumper
) 340 CHSP35R P - Added
Drawing . . .
Qualit 390 CHSP40R Solid Solution inner panel
Hatty 440 CHSP45R Strengthening
) 340 CHSP35E P - Added
Deep Drawing . ] a class panel,
) 390 CHSP40E Solid Solution
Quality ] DDQ part
440 CHSP45E Strengthening
Extra Deep P = Added
. 340 CHSP35EB ] :
Drawing Solid Solution outer panel
] 390 CHSP40EB ]
Quality Strengthening
Structural 780 CHSP80OTR bumper,
) Dual Phases )
Quality 980 CHSP100TR door stiffener

Fig. 2 Spring—back shape in general
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Table 3 Material property

Young modules 2.1e+ 05
Poisson ration 0.30
Specific weight 7.8e-05
ro 1.14
R-value ri5 0.82
rgo 1.70
Thickness 0.7mm
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Fig. 8 Analysis result of whole panel
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(a) Result of experiment

(b) Analysis result of membrane element

(c) Analysis result of shell element

Fig. 9 Flange process of front fender
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Fig. 10 Bending process of front fender
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(a) Result of experiment

|

(b) Result of forming analysis

Fig. 11 Wrinkle tendency distribution after flange process
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Fig. 12 Occurring crack after flange process
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(a) Result of experiment

Wrinkling criterion [-

.34 [k} o . i1

(b) Result of forming analysis

(c) Section view A

Fig. 13 A sakure phenomenon of analysis result

_29_



8
Ay

o)
mﬂ
-

A

£}
p

T
3

0

X
BN

™

|

1

2

A 2

R
L

Fig. 13914 (a)

Zolt}.

wEOWAA v FE AR

o]
P

o] A a1

=
=

Aol A & o

a4

QAE AFRSH

)
=

2
)

of
el

il

Ao} A HAE §4 Axt

49

o M=

o

R

¢+

ur
-

a9}

&)
=

3

°o]-&

KX
=

Joj 2l Autoform

J o= e 2ZES

9]

H dE

i

]

]

A3 e B

49

A#7t A A

a4

4 g g

LR

2
=

7 v wstgdr 1 A7)

- 30 -



3.24d 848 ALY 2xy-9 Y Y

FRol dd Aol v axur A gso] A AFAdE Tee A A

o9k
=
o
i
i)
il
i
=
fu
\y
N
o
g
=
@,
(@)
@]
g
—t
@]
S
@]
o
ot
(@}
ol
2
=
:cl>(£
i
ko
[
i
Yy
oo
ol
ol
s
oX,
of

l OP 30 H
l OP 40 ”

OF 50

ey

Fig. 14 Forming process

_31_



Table 4 Simulation information

Op. No. Op. name CPU time | No. of element Remark
10 draw 01:20:03 116,792 Draw : BE-M
20 trim & pie 01:26:35 98,376 Flanging * Shell
- SPCE 0.8t
30 cut/c—cut/c—pie | 01:29:30 82,749
B.H.F : 60 ton
40 up/dn flange 08:59:26 98,664 C/Stroke :
50 c-pie 09:04:21 102,958 120mm
I-q-.-'l.
. E-.&. .
I_géiﬁr_aul -
E | Travrfed Banei |
s

Opd0 Tmt]

Fig. 15 UP/DN flange - section A-A & trim panel and trimming tool

® Clanyping Point
EPilot Pin

Fig. 16 Position for Pilot pin and clamping

_32_




H 2xg-wo] gkolt} AL flange up FH o A= 133 S flange down -
Aol s 192S AT Fo) ge Az 5o go o Axal-mo

1 -
I e mAn 06 odn 0 il a5
- o e i -4 5 3 S

| M !

: | 7

| . Ll TR ‘B
| e T | US| - -1 T ] T
S T e 0% 038 | .nam -0 -poyn |00 07

| I

LR g | ] 0%

Yl L 0 ¥

Fig. 17 Comparison of spring—back between experimental and simulation
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(a) Measuring spring—back after flange up

Amount of spring-back(mm)

-4
Position for measuring spring-back M

1 > 19

(a) Measuring spring—back after flange down

Fig. 18 Amount spring-back after flange up/down process
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Table 5. Material property
name SPCC
young modules 2.1e+05
specific weight 7.8e-05
poisson rate 0.30
thickness 0.95mm
Ro 1.87
R-value Rss 1.30
Roo 2.14

Table 5% oWl al4le] 488 2Ael 24 54 E=, AAE SPCCol™, R(eld
Y aAZ g Fre

0, 45, 90°A Zkz} 1.87, 1.30, 2.14%1

0.95mm ©|t}.

T T

=04 -0.Z 0 ooz

et 0.35

Fig. 19 FLC(forming limit curve)
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Fig. 19 28" 249 449 4 =d(forming limits curve)olth. W3 Ad T
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Fig. 21 Wrinkle tendency and crack after drawing process
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(a) Angle change

D-rllm:rhmﬂd'l-r“ !

l' LT =

(b) Distance change of normal dlrectlon
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(c) Displacement change of normal direction
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(d) Spring-back strain changefig.
Fig. 26 Deformed shape during spring—back
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