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Development of Hot Rolled Steel Sheet "KFN3" with Excellent Deep Drawability
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Synopsis :

Hot rolled steel sheet with extra-low carbon content which exhibits excellent formability
has been newly developed in Kawasaki Steel. Chemical composition of this steel is
specially controlled, that is to say, sulfur content is 0.003wt% or less and titanium is
added so that the effective Ti/C atomic ratio will come to more than 1.0. In the hot rolling
process, this steel is coiled at a temperature lower than 600°C. The characteristics of this
steel are as follows: (1) Total elongation is 55% or higher (3.2mm thick). (2) Planar
anisotropy is minimal in spite of Ti-addition. (3) This steel exhibits a higher resistance
to cold-work brittleness due to the control of both residual solute carbon content and fine

grain sizes.
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Development of Hot Rolled Steel Sheet “KFN3” with

Excellent Deep Drawability
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Synopsis:

Hot rolled steel sheet with extra-low carbon content which exhibits
excellent formability has been newly developed in Kawasaki Steel.
Chemical composition of this steel is specially controlled, that is to
say, sulfur content is 0.003 wt% or less and titanium is added so that
the effective TYC atomic ratic will come to more than 1.0. In the
hot rolling process, this steel is coiled at a temperature lower than
600°C. The characteristics of this steel are as follows:

(1) Total elongation is 55% or higher (3.2 mm thick).

(2) Planar anisotropy is minimal in spite of Ti-addition.

(3) This steel exhibits a higher resistance to cold-work brittleness
due to the control of hoth residual solute carbon content and fine
grain sizes.
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LU 679~685°C O T » fre IEIL 3.5 mm TH B, kg
B Table 2 i, = oCEL FFihm, TELEANAR
X OREERES (] & 45° g BTG H b, JEL, drv2im MR OH &
ThB, ErhFiEk (AD QIEEC, NBEORETH D, 7.5%
TIE#H 100°C, 305 0 RERSC XL 5 ERA ERETHS,

Nb gl (NH) CliEisna T~ T Ew2ELc L, Ti
& Nb oS HRMECEREIH (TNL) TEESREDZ &2
B, ¥ THRIGREEATE (TH) dmANRTEE S, Al
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Table 1 Chemical composition and coiling temperature of
steels® used

Chemical compesition (wt. %) CT

c Ma P S Al N T Np |CO

TH 0.0015 0.09 0.011 0.002 0.028 0.0022 0.028 — 675
TL ” o " » o o ” —— 540

TNH | 0.0025 0.10 0.012 0.004 0.028 0.0028 0.024 0.007 | 685
TNL » ” " ” " » " » 540

NH 0.0021 0.11 0.010 0.005 £.031 0.0024 — ©.019 | 680

#* Thickness: 3.5 mm

Table 2 Effects of Ti and Nb addition and coiling temperature
on mechanical properties

Y5t TEL | EPR2 | opee | gEIRE | gee Al*z
Steel | (keff | (kaf/ | (%) (%) (kgt/

mm?) | mm?} min?)

T™H 16.8 28.7 |59.6 0.9 | —3.8 | —0.37| 0.0
TL 17.1 29.4 |56.70.89| —0.5 | —0.20 2.8
TNH| 17.0 28.8 |57.010.82| —1.2 | =0.15| 0.2
TNL]| 19.3 29.9 [ 54.6|0.92) —~0.7 | —0.15 2.9
NH 19.5 32,1 |53.4|/0.79| —1.4 | —0.18 0.0

#*1 Y3 and TS were tested in the rolling direction.
#2 The average values, El and #, were calculated by Eq. (1) and
the planar anisotropy values, 4El and 4r, by Eq. (2).
E:(.’En+$go+2$45},"4 ................................. ( 1 )
dx:(x0+xm._2x45)/2 ................................. ( 2 )
(Sufhx: angle from rolling direction)
*3 Al is the increase in yield strength alter 7.5% pre-strain and
aging treatment at 100°C for 30 min.
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Fig. 1 Effect of Al on cold-work brittleness transition temper-
ature (Cups, drawn at drawing ratio of 2.0, were sub-
jected to the falling weight test (FWT) at various tem-
perature shown in this figure.)
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Photo 1 Scanning electronmicrographs of brittle fracture show-
ing the effect of coilng temperature
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Table 3 Chemical compositions of vacuum-melted steels used
{wt %)

Ti*/C

Steel C Mn P ) Al N Ti

Al | 0.0034 0.11 0.009 0.0013 0.047 0.0008 0.013 0.6
A2 1 0.0026 0.10 0.010 0.0008 0.048 0.0009 0.023 1.8
A3 10.0034 0,10 0.009 0.0032 0.054 0.0008 0.017 0.7
Ad 10,0030 0.11 0.009 0.0032 0.053 0.0009 0.028 1.7
A5 (0.0023 0.10 0,009 0.0087 0.049 0.0008 0.023 0.8
AG | 0.0025 0.11L 0.009 0.0086 0.052 0.0008 0.033 1.7

Note (1) Ti#/C:

atomic ratio
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Fig. 2 Effects of S content and Ti*/C (atomic ratio) on Al
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Fig. 3 Dependence of T, grain size number {(G.5.No.) and
Al on soaking temperature T, prior to drawing
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Fig. 4 Elffects of grain size and cooling pattern after finish roll-
ing (Open mark O stands for rapid cooling at a higher
temperature range and slow cooling at a lower tempera-
ture range on the run-out table, and solid mark @ is for
vice versa.}
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Fig. 5 Effect of heating temperature T, after cup forming on
T
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Phote 2 Comparisons of roughness and small crack initiation at
the edge of deep-drawn cups between (a) KFN3 and
(h) SPHE
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Fig. 7 Effect of coiling temperature on {200} pole figure

|
=)
o
T

¥
|
it
[
T

t 1 1 1 i3
500 550 600 650 700
CT (C)

Fig. 8 Effect of coiling temperature (CT) on planar avisotropy
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Fig. 9 Comparison of mechanical properties, YP, El, 4El and

Torr of KFN3 with those of SPHE, KFNI and KFN2
(3.2 mm thick)
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Fig. 10 Comparison of formability, limited drawing ratio
(LDR}, hydro bulge forming height and hole expan-
sion ratio, of KFN3 with those of SPHE, KFN1 and
KFN2 (3.2 mm thick)
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