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A Study on the Warm Deep Drawing Ability
of Sheets on Cr—Coating Die

J. D. Lee+, K. H. Kong+, C. S. Choi*, H. Y. Kim=+ D. G. Seo***

Abstract

Some deep drawing characteristics to the elevated temperatures were investigated
for the SCP1 steel sheets by using the Cr-coated die. For this investigations, six
steps of temperature ranges, from room temperature to 250°C, and six kinds of
drawing ratio, from 2.4 to 2.9 were adopted. As a result, the limiting drawing ratio,

maximum drawing force, and the maximum drawing depth were sensitively affected
by the elevated temperatures, and the more stable thickness strain distribution was

observed to the elevated temperatures. Some experimental results were compared
with analytical results using the DYNA-3D code.

Key Word : Warm Deep Drawing, Drawing Depth, Limiting Drawing Ratio(LDR),
Maximum Drawing Force, Thickness Strain Distribution
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Table 1 Various coefficients of material at

elevated temperature '
(Y.S., T.S., PC. unit : Kgf/mm®

Temp.| T.S. EL PC. SHE | F.C.

RT. | 29.80 | 449 | 58032 | 0.2493 | 0.241
50 2955 | 43.7 | 56.804 | 0.2407 | 0.246
100 | 2803 | 40.2 | 54.120 | 0.2429 | 0.255
150 | 2662 | 379 | 50.810 | 0.2367 | 0.267
200 | 2564 | 363 | 49.146 | 0.2372 | 0.262
250 [ 2398 | 353 | 46405 | 0.2408 | 0.271
300 | 2313 | 33.7 | 44970 | 0.2330 -
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Fig. 1 Detail of warm forming tester

Table 2 Name list for experimental apparatus

No. Name No. Name

@ | Holder cooling part | ® Heating pipe

@ |Holder heating part: @ Insulation panel
©) Thermocouple | & Punch

@ | Die heating part | @ | Cooling water input
® | Die cooling part {0 {Cooling water output

Table 3 Size of punch, die, blank holder

Part |Material{ Surface |[Size(mm){Rp{Rd|Rc
Punch | FC30 |Cr-Coating] 6060 [ 5| - 1|5
Die FC30 |Cr-Coating| 66X66 | - { 7 | 8
Blank .
- X - -
Holder FC30 [Cr-Coating| 61X61 6
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Table 4 Experiment result of drawing ratio
( Drawing depth=40mm feasible: O not feasible: %)
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Fig. 7 Comparison of thickness strain
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(DR=2.4)
A e A AEAe) FA 54 A exz 9
@ Aold FHurh

0.2

015 | —®Expenment (250 T)
—a— Analysis (250 C)

0.1
0.05

-0.05

\« 3 h
- ! !
01 \ I \k ! k‘
~0.15 N ad 4
’
-0.2 kg

~0.2§

Thickness strain {Cenler direction}

0 20 40 80 80
Measurning point {(mm}

(a) Along center line

0.2
0.15 } —®—Experiment (250 C)
—#— Analysis (250 C})

0.1 A
0.05

-0.05
~0.1
-0.15
-0.2
-0.25

Thickness strain {Diagonal direstion)
o

o 20 40 80 80
Measuring point {mm}

Fig. 8 Comparison of thickness strain
distribution between experiment and analysis
(DR=2.4)

6.8 &8
AA e BAea dole 7tdste 3 A¥H
S SCP1 2ol HEAAA At 4E dAE
el 2@ ZAE obefdl FstHh
(1) the] 2x=¢ B3 =A7|E WHATIEA
Age Az Aderd @A ==2dn, 4¥hel
7t em Ao =2dHLe Ao
P A A g AR Hogixek HAiA 9
7t EolEm YT FA BE7E dEhgoh
(2) 71&9 FEM CodeE& ©l&% aAelM=
S Mgge A9 AMAHL A¥e dFARY
AxPA g o)k wwA A vekd HAAY
B 2o HEPAME ddd &3E FH 1
sof Jee % & £ doid FEHUG
(3) d8 J¥IAEE vy = “11 <+ 4
g e AF Ao FgFA FHE)

2R oo
X rlo

_ 67 —



UEA g EEAMA WS AEY E3
3 A 4ol JbEsths Ae BAY 5 9

At

% 7l
® AFE JAAERF)Y A7H NYozm
FaHgon oo A=Y

HEungs

[1] Tetsuro Ohwue, Hiroshi Takechi and Yoshikuni
Furuno, "Temperature Dependence of Tensile Pro p-
erties Drawability of Steel Sheets in Warm Workin-
g Condition”, Journal of the JSTP, vol. 28 no. 314,
pp. 225-231, 1987.
{2] Tetsuro Ohwue, Hiroshi Takechi and Yoshikuni
Furuno, "Deep Drawability of Square Shells in War-
m Working Condition”, Journal of the JSTP, vol. 28
no. 318, pp. 706-711, 1987.
{3] Kiyohiko Nohara, Yasuomi Watanabe, Kazunobu
Yamahata, "WARM PRESS FORMING OF STAIN-
LESS STEEL SHEETS”, Proceedings of the First
International Conference on New Manufacturing Te-

chnology Chiba 1990, pp. 533-538, 1990.
* [4] Yasuomi Watanabe, "Z 7 > U X R HEMEL ) n
T#", Journal of the JSTP, vol. 33, no. 375, pp. 396
-403, 1992.
[5] Kazunari Shinagawa, Tsutomu Takeoka, Ken-Ic-
hiro Mori, Kozo Osakada, "Finite Element Simulation
of Warm Deep Drawing of Type 304 Stainless Steel
Sheet wiith Deformation Induced Transformation”,
Journal of the JSTP, vol. 34, no. 390, 1993.
[6] D. E. Leighton, D. Lee, "The Effect of Tooling
Temperature on the Formability of Sheets Steel”,
Journal of Material Processing Technology 45,pp. 57
7-582, 1994.
[7]1 X. M. Zeng, S. M. Mahdavian, "Critical condition
of wrinkling in deepd rawing at elevated temperatu-
re”, Journal of Material Processing Technology
84, pp. 38-46, 1998.
[8] J. H. Kim, C. S. Choi, B. Y. Jeong and G. H.
Lee, "DEEP DRAWING OF STAINLESS STEEL IN
WARM WORKING CONDITION USING A SINGLE

— 68 —

CRANK PRESS”, Proceeding of the Fourth Internat-
ional Conference on Technology of Plasticity, pp. 169
1-1694, 1993.

0] AF3, A+, 138, "aga T2 ¢ =
el A s Fwe £ =2gy vlur @
247588 A, A4A, A48, pp. 345-352, 1995.
[10] 34, F9L, A5E, 7Y, 98, “d50
 TEUe v AYFP +9asdy 2 A
H A7 (AIRAE), 3047383, A 8 ¥,
Al 2 &, pp.152-159, 1999.

(11] A, F&4, 2d4, AF3, “g2vlF a5
T U2 4T F¥ssHMN 2 AEH dF
(AR, gxa47rFaA,  #8d, A3z,
pp.252-161, 1999.

(121 £33, A%, Hold, Mda, "Fg9 2x9
A e wg #A nE B4 Sy
3=}, A8, #3%, pp. 245-251, 1999.

=



