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Elastic-plastic Finite Element Analysis of Drawbead Forming
for Evaluation of Equivalent Boundary Conditions in Sheet
Metal Forming - Part II : Application to the Front Door

Panel Forming Process

J. S. Park, S. H. Kim and H. Huh

Abstract

The equivalent boundary conditions have been applied to the front door panel forming process, in order
to demonstrate its reliability and validity. The elongation in the bead forming process is applied to the
binder wrap process as the equivalent displacement boundary condition and the restraining force in the
drawing process is applied to stamping process as the equivalent force boundary condition. The result
calculated with the equivalent boundary conditions shows closer coincidence with the experimental result
than simulation with different boundary conditions. The numerical result fully demonstrates that drawbead
forming simulation for calculation of equivalent boundary conditions is necessary and effective.
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Fig. 1 Initial setting of the die, blank holder and punch
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Fig. 2 Locations of the drawbeads

Table 1 Mechanical properties of the mild steel of DDQ

grade
Material Mild Steel DDQ
Initial blank
. 1.0mm
thickness
Young's modulus E =200GPa
Yield stress oy =180.5MPa
Poisson's ratio v=0J3
Stress-strain relation | o = 525.6(0.00434 + £ )% 178 MPa
Lankford value(r) 1.55
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Table 2 Bead geometry and restraining force for the
simulation of front door panel forming

soenon | Bead Punch | O | SO
Radius | Depth fgéset&l?;g;%)
1 7.70 7.93 11.52 174
4 6.40 7.78 8.19 151
5 6.53 7.43 0.63 120
6 10.87 6.12 5.13 88
7 10.45 5.20 7.52 68
8 8.40 7.90 9.08 137
10 7.40 8.11 2.08 152
11 14.24 7.84 5.89 147
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Fig. 3 Geometric dimension of drawbead and dies: (a)
Definition of L, Point A and point B; (b)
Definition of the bead radius and depth
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Fig. 4 Displacement boundary condition of bead
forming process
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Fig. 5 Final extension of nodes through the axial
coordinate in the die region
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Fig. 6 Displacement boundary condition of the drawing
process

300+
250 e
200 4
150

100 -

Restraining Force(N/mm)

74 T OO U OV B OUOT P

Drawing Length(mm)

Fig. 7 Restraining force with respect to the drawing
length

(c)

Fig. 8 Deformed shape of blank: (a) binder wrap state;
(b) half punch stroke; (c) final punch stroke
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Fig. 10 Punch force with respect to punch displace
~ment during the forming simulation(ref.[6])

golv}, B :Eo] Az AS-067) 7MY BEe AES
e AHgdoz AWuy] YA Table
g gosl 1 duHg wetste R
: obt} Fig. 119 Aold 4709 Avdg U
el Crgolnt Fig. 129} (@)t éw& oA s] S 2
© & iy dupeo d
slct. Fig 129} (b3
A BEE L}E}rlﬂjz 9)=1) Aoty 1o 7
A An7} b EA

J

dstof wle M %MXI RS Holir i
Agdae) os 23Te & 7 A FAA A
Az FAVE AL Arsta AAT APdike o
A FAE fABAL Sle-d o 4 AW Fig 129 (©
9 (d)3= 7427 Add 3at 49 A EEQE A G
Avtel 28 ZAge Holal al $7F AxNE M
4 Auprh Agie) Aspo} vfg FARS Al EEE

Az} Faels

Qs ol S A Ak o

o

B eRdAqe Pat I94 vlze f3as 3 27
2 S3d Q¢ 37} AARAL WAL FRFA A
%a} o} uielE Y BRG] WY AAZAY A

Ao F£HoR SHAAZAL I B OE
737112748 Fokated siME A3 ey d9dRE
gk §7F AARDE LS of ddgnst v
S fA1E 498 Roln e & & Ytk A4S
Aol vlE AYFTAY Wt =2y FRY 7HES
7k Az e 48R BREE uic

E7F AAZRAEL FolskA) 4L M dng dAFHE
A e mel Ffolol i Rele BT 2k AR
2 o190z 75 AA AL 3344 2 —:—Xﬂ PES
S397) Wi 4 BAlE wsr) EAskE e o

Table 3 Section definition for the comparison of
analysis result
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Section Equation
. x=-15.0
Section 1 . .
Cutting the part in area
=356.0
Section 2 ) g .
Cutting the part in area x<130.0
. 0.707107x-0.707107y=0.0
Section 3 . .
Cutting the part in area y<0.0
Section 4 0.707107x+0.707107y=-100.0

Section 1

Section 2

Section 3
Section 4

Fig. 11 Section definition for the comparison of
analysis result
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Fig. 12 Thickness distribution after forming simulation
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