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Synopsis :

"Press-formability" of cold-rolled sheet is a generic term of the properties such as deep-
drawability, stretch-formability, shape-fixability, rigidity and so-called "re-formability"
etc. Deep-drawability of sheet is excellent as its r-value on tensile testing is high and
this may be achieved by the sheet having the texture of preferred orientation in which
{111} planes are parallel to the rolling surface. Stretch-formability of sheet is improved
by minimizing the amounts of non-metallic inclusions or carbides etc. which can
originate a ductile fracture in steel. The sheet of low yield strength is suitable for
drawings which require good shape-fixability. Rigidity of drawings is enhanced if the
sheet has "{111} texture" because the elastic properties of specimens in all directions on
tensile testing are higher than those of steels having other textures. Sheet with {111}
texture has little planer anisotropy for "re-formability". KTS sheet is a cold-rolled
rimmed steel in which small amounts of special elements such as P, Sb and Bi etc. are
added and the amounts of carbon and nitrogen are extremely decreased by open coil
annealing, and its properties for press-formability described above are much superior

than those of ordinary aluminum-killed steel for deep drawing quality.
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Synopsis :

“Press-formability” of cold-rolled sheet is a8 generic term of the properties such as deep-drawability,
stretch-formability, shape-fixability, rigidity and so-called ‘“re-formability” etc.. Deep-drawability of
sheet is excellent as its r-value on tensile testing is high and this may be achieved by the sheet
having the texture of preferred orientation in which {111} planes are parallel to the rolling surface.
Stretch-formability of sheet is improved by minimizing the amounts of non-metallic inclusions or
carbides etc. which can originate a ductile fracture in steel. The sheet of low vield strength is suitable
for drawings which require good shape-fixability. Rigidity of drawings is enhanced if the sheet has
“[111} texture” because the elastic properties of specimens in all directions on tensile testing are
higher than those of steels having other textures. Sheef with {111} texture has little planer anisotropy
for “re-formability”’.

KTS sheet is a cold-rolled rimmed steel in which small amounts of special elements such as P, 5b and
Bi etc. are added and the amounts of carbon and nitrogen are extremely decreased by copen coil
annealing, and its properties for press-lormability deseribed above are much superior than those of

ordinary aluminum-killed steel for deep drawing guality.
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Fig.1 Effects of 7 and # values on the limiting drawing
ratio (L. D. R) of coid rolled shest (Spherical punch
of 200mm dia.)

% Rimmed steel

Aluminum-kiiled steel with elongated grain

Aluminum-killed steel with equi-axed grain

Rimmed steel decarburized by open coil annealing
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Fig.2 Correlations between # value and the
reflection intensities from {111} plane
parallel to the rolling surface of the spe-
cimens shown in Fig. 1
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Fig.3 Correlation between planer anisotoropy of
r value and the degree of earing after draw-
ing
A : Specimen with (111) [110] preferred
orientation

B : Specimen with {1100 [00l] preferred
orientation

C: Specimen with (100) ([011] preferred
orientation
(See Fig. 4 and Tablel)
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Table 1 Reflection intensity from the(hkl) plane
parallel to the rolling surface and ASTM
grain size number of three specimens

shown in Fig. 4

< Intens1ty of (hkl) peak (xrandom) ASTM
Specimen - G S,
; (110) (200) (211) (222) No.
- . .

A 0.16 0.57 1.4 6.5 7.4
B 0.47 9.92 11 5.8
c 12 0.92 3.0 6.2
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Table 2 Typical prOpErtleS of KTS steel

Chem:cal composition (%)

C Mn P S Al Sh Bi Nb Pb N
Commercial rimmed steel 0,055 0.32 0.0410 0.013 tr. tr. tr. tr. tr. 0. 0025
Rimmed steel decarburized
by open coil annealing 0.006 0.33 0.010 0.014 tr. tr. tr. tr, tr. 0. 0008
Aluminum-killed steel 0.043  0.30 0.008 0.010 0.043 tr. tr. tr. tr. 0. 0058
KTS steel with P and Sb | 0.006 0.32 0.032 0,013 tr. 0.018  tr. tr. tr. 6.0010
KTS steet with P and Bi | 0.008 0.34 0.034 0.013 tr. tr. 0.010  tr. tr. 0. 0006
KTS steel with P and Nb 0.006 0.32 0.035 0,010 tr. tr, ir. 0.009  tr. 0. 6008
0.035 0.0006

KTS steel with P and Pb 0.006 0.34 0.030

0.014 tr. tr. tr. tr.
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Sample: A Sample: B Sample: C

Fig.4 {110} pole figures at the central layer of three specimens (See Table1, Fig. 2,7,11 and 12)
® (111) [110] orientation 4 (110) [001] orientation B (100) (011) orientation
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Fig.5 Uniform elongation e, vs. n value and local elongation A vs. # xr value on tensile testing ot
the specimens shown in Fig.1

Mechanical properties ASTM {111}

—— - e e G.S. | intensity
- CCV. Er, ElL TS, Y.P. Y.E*
T Gam) m) (%) Ghm/mm®eg/mm) (%) | No- | (crandom)
1.07 0.585 38.20 10.20 45 32.8 26.5 3.0 0.6 3.5
1. 40 0. 44 37.25 14 81 51 28.3 18.0 1.0 7.1 8.0
1.55 0.50 37.30 10. 40 47 30.5 e 0.¢ 8.2 9.0
118 .45 Inf. 10. %0 47 30.2 - 0.2 i 7.3 11.8
170 .37 Inf. 11.00 46 33.1 — 0.0 - 7.5 i1.8
1.70 ©.30 35. 50 10. 80 47 32.0 _— 0.0 : 7.0 10.2
L7l .41 Inf. 11.50 47 31.2 e G¢.0 ‘ 7.4 12.¢

Y.E.* : Yield elongation after ageing at room temperature for six months
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Fig.9 Eifects of yield stress and blank holder
pressure on the amount of spring-back
after press forming (Door-outer of car)
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Fig.10 Hysteresis curve showing the relation of
load and maximum elastic strain for 0. 7mm
thick SPC-1 sheet specimen which is loa-
ded at the center of surface after press-for-
ming with a die of 4000mm radius of cur-
vature
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Fig.11 Correlation between critical load FPer for
buckling and D'{=E/;—%) value of SPC-1
sheet specimens which wear examined with
the condition described in Fig. 10 (See
Fig. 3 and Table 1)
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