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A Study on the Warm Deep Drawabilities
of Galvannealed Steel Sheet

S. H. Chang, C. S. Choi, Y. C. Choi, and D. G. Seo

Abstract

The limiting drawing ratio (LDR) under uniform heating of blanks was measured at the various
temperature ranges between 25 and 250°C by using two different blank shapes, square and circular
blanks, and six different blank sizes with the drawing ratios(DR) of 2.4 to 29. The galvannealed steel
sheet (SCP3CM 60/60) of 0.7mm thickness was used. The LDR at warm forming condition reached 1.2
times of that at room temperature, and the maximum drawing depth reached 19 times. The higher
temperature was adopted, the more stable and uniform thickness strain distribution was observed.
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Fig. 2 Friction coefficient( ) at various pressure and
elevated temperature

22 AMEEX W MUY

B AYg ¢ fz=ze) A¥FRE= Table 13
Fig. 39} Zo] 30 ton 2% UTM.(Universal Testing
Machine)ol 23+ tdZ=29 APFx)9} A=A,
FYHE Yzl fF44dd 2 FYEE o8 44
ek o W 2xAo}AX](autonics TZAST-14R)Z
AR LEE AXT F JYEE s HAAE B9 «
#ale Wz %€ 10 TE FAARA

Bda 4L A dgez sl =2YH|(DR)
24, 25, 26, 27, 28 29 (¥ EYakE 24 A T
2 5k o] o AR 939 varEg I 4
& Abzte] & W Zole} g9 AES A 3 DRE
Ak driN =2 Yuie BXEHYY & W Ao
of thdt E¥=zio] ¥ W Zo] ulE oujd} AL
EF RT.(25C), 50T, 100TC, 180T, 200TC, 250C &
2 3o 7t 2R fEsie] A4¥E Yt &
B3 Fr9 AL AGEPIY FL- 2MPaE 4¥E

- 169 -



#=9] 7ol 2 DRY AZEHI Mg £9E
I} A 8o JigEtn, THA £E5E S0mm/minl 2
. Age 7 exwe Bagse =2Yu|g F7}
AR Ad2 4¥d d7bA FY8ch 23 439
FXEe] AREA4E Table 20014 BAF1 9k tho)
¢} Hx9}e] EAl(clearance)t 3mme|tt.

Table 1 Name list for experimental apparatus

No. Name No. Name
) Punch ® | Temperature control box
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Fig. 3 Experimental apparatus for warm forming test
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Table 2 Size of punch, die, blank holder and blank
(Rp : punch profile radius, Rd : die profile
radius, Rc : corner radius)

) Size | Rp | Rd | Re
P
art | Material | Surface | (rym) | (mm) | (mm) | (mom)
Punch | FC30 | Crcoating| (60x60)] 5 | - | 5
Dic | FC30 |Cr-coating| (66%66)| - | 7 | 8
Blank | peag | or-coating| (61 61 6
holder -coating| (6161 - | -
Square
GA (60XDR)
. X
Bk | 60/60 _ |oxDR)
thickness Circular
= 0.7mm Dia.
(60X DR)
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Fig. 4 Meshing zones of blanks for analysis
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Fig. 5 Calculated blank shape for the deep drawing
process (DR=2.5, square)
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Fig. 6 Variation of the limiting drawing ratio for
temperature
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Fig. 7 Variation of the maximum drawing depth for
temperature (circular blank)
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temperature
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Fig. 11 Thickness strain distribution of square blank
along diagonal line (DR=2.5, Experiment)
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Fig. 12 Thickness strain distribution of circular blank
along diagonal line (DR=2.5, Experiment)
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Fig. 14 Comparison of thickness strain distribution of
square blank among experiment and 2,3 zones
analysis (DR=2.5, Temp.=1507)

6.4 &2

2 AFdMe EA7A GAZFZR dg &3 4
4 7t 93 F2oA A== Yul ol =
AYFE 72 F2AAREH B0THA gole] 7t
EE WsiAga B A Wasle Ay §A
S A A UsH 2o

(1) ALoArt 7dewrt F/1E4s A==
v HdAdHe] §& IR HAEaEe Fx
sk d3E vimsty, AgEdande 48833
7t g £2 HYAHE RAFAL

(2) FANYE EX2 ¥E 257 SNARE S
AHA7} 2B ol24 27 HEA 2o ¢
Aol FUF AFPLE AEFT 4 ATk

(3 MY Ae dgFHe 2 AL Hx3HA vg
PRk §e At AE ¥ & Udch 237 dE=
29 7% A 24 @AY E4 HFo] F 528
Oa figsolxin oy a9 2EYHTESL £ o
AEgtatd 2ALE Al 4 glede dddd

4 GARFZARE 2 BAANEERS 1 o 2%
o2 Ag FHE0] LA ¥E 2299 (100~
150C)elA AY3hs Aol A¥A € F4 P4 7%
e AN F d& AR wudd

%7l

£ dPE lolERF)e dvH Ados 4]
Qow oo 74} =g

FogEd

(1) K Nakamura, Y. Watanabe, 1997, "HRIMRBEER:
08X ERMERE Y B, 1t - T, 384G, HF437S,
pp. S08~513.

(2) T. Kato, 1997, "REEEGURKD 7L AFIHK",
Journal of the JSTP, vol.38 no432, pp. 35~39.

(3) Tetsuro Ohwue, Hiroshi Takechi and Yoshikuni
Furuno, 1997, “Temperature Dependence of
Tensile Properties and Drawability of Steel
Sheets in Warm Working Condition”, Journal of
the JSTP, vol. 28 no. 314, pp. 225~231.

(4) D. E Leighton, D. Lee, 1994, "The Effect of
Tooling Temperature on the Formability of Sheets
Steel”, Journal of Material Processing Technology
45, pp. 5T7~582.

(5) Michael T. Hillery, Vincent J. Mccabe, 1995,
"Wire drawing at elevated temperature using
different die materials and lubricant”, Journal of
Material Processing Technology 55, pp. 53~57.

6) AEZ, X, YA, 19%, ‘243 Zxs) §
o gz 2¥gles Ay 233 =294
H ", @AV A), A4d, A4S, pp. M
5-~352.

(7) X. M. Zeng, S. M. Mahdavian, 1998, "Critical
condition of wrinkling in deep drawing at
elevated temperature”, Journal of Material
Processing Technology 84, pp. 38~46.

@) 33, olA%, 13, Adx, “F89 =% X
2] Aol o2 HA w5, FT4A47EE
37, A8, A3, pp. 245~251, 199.

9) °)AF, FXF, Hold, FHY, A, 2000, ‘2
£ 29 AYd YA wne &3 4=29 A
HAol B3 97", §144712530R], A9d, A
23, pp. 186~192,

(10) Sangdo Kim, Minho Park, Sangjin Kim, Daegyo
Seo, 1998 "Blank design and formability for
non-circular deep drawing processes by the
finite-element method”, Journal of Materials
Processing Technology 75, pp. 94~99.

(1) Z2E 9 119, 1998, e g=29 A4
FA71E A QAR FARTA), AAGALAR.

- 173 -



