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The Tensile Characteristics of Steel Sheets at Various
Temperature Conditions

H. S. Lee and Y. K. Oh

Abstract

The thermal problem of press work is classified into two cases. First, the temperature of forming die
passively rises due to the heating effect of plastic deformation. The warm forming is the second case in
which the external heating is applied to the die and blank holder. So, the purpose of this study is to
provide database for the forming characteristics at various temperature conditions. In this study, the
tensile test was carried out for the commercial steel sheets such as SCP1 and SCP3C with the thickness
of 07mm and 14mm respectively. The tensile strength, total elongation, Lankford value and the flow
curve have been obtained at the temperature of 25T, 50T, 100T, 1507, 200, 250C and 300C,
respectively. From the results, we can see that both the tensile strength and total elongation decrease as
the temperature increases. In the light of anisotropy, the effect of thickness is dominant than the material

specs. For the temperature dependency of flow curves,

there are only small differences for the

work-hardening exponent, and the strength intensity decreases monotonically as temperature increases.
The present results are useful as input data for the analysis of sheet metal forming processes with the

various temperature conditions.

Key Words : Tensile Test, Various Temperature Condition, Warm Forming, Steel Sheet,

Tensile Strength, Elongation, R-value, Flow Curve
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Table 1 Chemical composition of specimens

Chemical composition(%)
C Si [Mn| P S Al
SCP1L(t=1.4mm) |0.0030| TR |0.08|0.013]|0.0080.026
SCP1(t=0.7mm) [0.0030| 0 |0.05]|0.009]|0.008]0.035
SCP3C(t=1.4mm) |0.0020| TR | 0.05]|0.009|0.011|0.036
SCP3C(t=0.7mm)

Material
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Fig. 1 The dimension of specimen
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Fig. 7 The variation of total elongation along temperature(C)
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Fig. 9 The variation of tensile strength (kg/mmz) along temperature(C)
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Table 2 Lankford values for the angle with respect
to rolling direction

M'aten'al— Angle w.r.t. rolling dir. Average

thickness 0 45° 90"

SCP1-1.4t 168 1.46 19 1.64

SCP1-0.7t 1.86 157 2.00 1.7

SCP3C-14t | 182 1.38 202 1.65

SCP3C-07t | 2.00 156 2.16 1.82
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K (kg/mm ) along temperature(C)
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 Material : Cold Rolled Steel Sheet(KS-SCP1)
Thickness : 1.4 mm
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Fig. 14 Flow stress vs. effective strain relationship at various temperature
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Table 3 Strength intensity(K) and work-hardening Hulo] 23t stm2a 204Y w2k HErt $u
exponent(n) at various temperature Hie Zy2A48e S 98 V2AREA A
2 88T 2 9o Az
Material | Temp. K ) n Effective S A =
-thick. | (T) | (kg/mm”) fitting zone
% 56718 | 02291 | 003-025 daEd
50 56.543 02364 | 0.03-0.25
scpp 00 4087 02351 | 003-0.24 (1) #=FH 74, 1974, 2548 A3 E 9(KS B
Lat 150 51.372 02297 | 0.03-023 0802)
o 200 4974 02290 | 0.03-022
H 2 B Tl A~ Hak -] ~
50 18950 02248 | 003021 (2) BHHH, 1920, Zgx A o3 iﬂ 4, pp.1~67
300 45513 02207 | 0.03-0.20 (3) AR, olful, oA, =Hd, BHFE 1997, 714
25 56.809 0.2480 | 0.03-0.27 Aes, 8F9, ppl5l~201
20 56216 | 02443 | 0.03-0.26 @ olgr, AEH, A/, AFA, FEH, 1994, F9
SCPAC 100 53.968 0.2465 | 0.03-0.26 Az dEAo] 2o vl Ja FZAA}
4 L0 SLSS | 02447 | 003-025 Fo8 2 gdELts TE YRHENEAS =
| 200 49.774 0.2405 | 0.03-0.24 B (DA 3 o]
250 | 47451 | 02299 | 0.03-02%5 FRCTRYF7IEe AR, pp 7986
300 44.970 02330 | 003022 (5) Robert A. Ayres, 1985, Thermal gradients, strain
25 58.032 0.2493 | 0.03-0.26 rare, and ductility in sheet tensile specimens,
0 56.804 0.2407 | 0.03-0.255 Metallurgical Transactions A, Vol.16A, pp.37~43.
scpr 0 4120 02429 | 0.03-0.243 (6) Yong H Kim and R. H. Wagoner, 1987, An
-07t 150 0810 02367 | 0.03-0.231 analytic investigation of defotmation-induced heati
) 200 49.146 02372 | 0.03-0.22 . . . .
50 16,405 02408 | 0.03-0.21 ng in tensile testing, Int. J. Mech. Sci., Vol.29,
300 43987 0.2304 | 0.03-0.202 No.3, pp.179~1%4.
25 57501 02522 | 0.03-0.271 (7) T. Ohwue, H. Takechi and Y. Furono, 1987, Temp
50 56.244 0.2498 | 0.03-0.26 erature dependence of tensile properties and draw
SCPAC 100 53.566 0.24%0 | 003-0.25 ability of steel sheets in warm working condition,
o7t 5058 452-2;2 822223 882’8522 Journal of JSTP, Vol. 28, No. 314, pp.225~231.
950 16072 02440 0103_021 4 (8) T. Ohwue, H. Takechi and Y. FLTI”OHO, 1990, Temp
200 43.181 02377 | 0.03-0.208 erature dependency of mechanical properties of
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Formahility of high strength steel sheets in warm (15) J. . Kim, C. S. Chol, B. Y. Jeong and G. H.

working condition, IDDRG Working  Group Lee, Deep drawing of stainless steel in warm

Meeting, pisa, Italy, pp.1~7. working condition using a single crank press”,
(13) J. O. Kumpulainen, A. J. Ranta-Eskola and R. H. Proc. 4th Int. Con. on Tech. of Plasticity, Beijing,
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and Technology, Vol.105, pp.119~127. optimum forming temperature of transformable
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