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NOMENCLATURE

; Cauchy stress tensor

! density of material
! material force vector

. surface applied surface force

: surface restricted displacement

! surface force vector applied to IF

! virtual displacement vector

! the first Piola-Kirchhoff stress tensor

! increment of the first Piola-Kirchhoff stress tensor
! Zaremba-Jauman increment of Cauchy stress tensor

: Lame constant
! surface friction coefficient

! Kronecker delta

@ = (Qat plastic strain or unloading state

a = 1 at elastic strain or loading state

: deviation stress tensor ( = g, — &, i /3

. slope of true-algebraic elastic strain rate curve

H’ = Hlo/(l"H'o/E)

: yield function



SUMMARY

In the sheet metal forming process, the drawbead is used to control
the flow of material during the forming process. The drawbead
provides proper restraining force to the material and prevents defects
such as wrinkling or breakage. For these reasons, many studies for
designing the effective drawbead have been conducted.

The existing approaches can bhe devided into the experimental
methods and the numerical ones. In case of the experimental methods,
there is a heavy burden in time and cost because they are basically
trial and error approaches. The numerical methods also suffer from
convergence problem as well as heavy computation time. The existing
methods, therefore, are insufficient to be applied to the practical
process.

In this study, the numerical method called the static-explicit finite
element method will be introduced. The finite element analysis code
for this method has been developed and applied to the drawbead
process problems. In result, convergence problem and computation
time due to large non-linearity in the existing numerical analysis
methods were no longer a critical problem. Furthermore, this approach
could treat the contact friction problem easily by applying very small
time intervals.

It is expected that various results from the numerical analysis will
give very useful information for the design of tools in sheet metal

forming process.
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Fig. 1 Schematic diagram of a genera! blank forming process
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Fig. 2 Deformation of material and reference coordinates
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Initialize nodal points

Read the coordinate values of tool shape

I Step loop, n=n+1 I

Calculate stifiness matrix and force vector

Apply boundary conditions I
T

Penetration check

Solving I

Update nodal positions

Update the state variables of final state

No

Fig. 3 Flow chart of drawbead analysis with the static-explicit FEM
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Calculate stress increment
or strain increment

Calculate r-value

Select r-minimum

Multiply previous increment value by r,;,

Determine the new increment value

®

Fig. 3 (Continued)
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Fig. 4 Schematic diagram of the die and the bead shape
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Fig. 5 Deformation process of sheet according to the punch stroke

- 19 -~



progreas distance = §mm

STEP = Omm

STEP = 2mm M
— + ,%l *_M

STEP = dmm

STEP = 6mm

X length (rum)

(c) Gwm

Fig. 5 (Continued)
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Fig. 6 Elongational strain rate according to the punch stroke
on the upper layer of sheet
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Fig. 7 Distributions of elongational strain after the drawing process
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Fig. 13 The forming process of sheet according to the bead number
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Fig. 21 Distributions of elongational strain after the forming process
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Fig. 25 Forming process of the drawbead with a quadrilateral section
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Fig. 27 Drawing process of the drawbead with a quadrilateral section
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Sro] ANE #E MATAY 2de) Age] Uk Hgelnd ®
% o} e NZEUAT, o1FA He A g WA HAFY

24, TEYG 2o FAHIAA BEY Aol FJUE A=Y A
WEo1zA AEQ widsd FUoE AEFUD. EEE ol Ae o
et A8 A2A FAx, de YUAY ANUAE s BEd 3
Ao 248 oA ged nadA AAE =PUY. 28T HEL ¥F
@ WEe mA AR set A4ERA AR AEE FFUAE v
&o} 7A1E =HYT

¢, A7EFos MmANE 7T EFQ 2U0E $EY A U
ANZA A4 Bods 235 THA 2 A G AR 7
g8 B84, 293 2 99 47 /A Beld BE EAL A ANY
ey, @99 mayd, 8FA RFUAE o 2¢ B ASE e
A% Agun. o BEo AR $EHAL A Fe FU& nFe
A 4 9dd A 2eud.

2o A7 AR 2H 244 1F gol AL ¥4 AMdEeld
A3 Y3 Aol Yl AR 1ok L& AFUG. A M QA9 FYRA
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sAetoz gold F4 Yol HAFAR FRUAY AE oMATHE ¥
93k FuEd A e BAE =dn, FANTE 259 A WAAA %
4 AE BoFAL AAuTt § AE AT REY. 1 Ldt Ao
AA) B Aojo) REsAT o] AL FUE F A WU,
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S A P20t AYUT. 4% %A Vol shad AL,
AR ALY BoFAE YN A4, 28 ANez AANE =7
W, AE 2 7l ojRuA gt 4 LEE ndsSASUG. 44
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