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Development of Hot Rolled Thin Steel Coils with Good Formability, KFNE
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Synopsis :

Hot rolled sheet steel with a thickness of 1.2 to 2.0 mm and good ductility similar to that
of cold rolled sheet steel, KFNE, has been successfully developed by optimizing chemical
composition. In the rolling of thin strip, the rolling temperature frequently drops below
the Ar3 transformation temperature of the steel, and a microstructure with abnormally
grown large grains develops on the surface. KFNE is designed to have lower Ar3
transformation temperature and the similar strength to that of conventional steel by
lowering C, Mn, P, Al and N contents and by adding 0.5% Cr and 10 ppm B. By the
addition of Cr, decreasing of solute C of ferrite matrix and coarsening of carbide are
caused, which results in the improvement of elongation. Formability in stretching and
stretch flanging of the developed hot rolled sheet steel KFNE are better than those of

conventional hot rolled steel and similar to those of cold rolled sheet steel.
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Synopsis:

Hot rolled sheet steel with a thickness of 1.2 to 2.0 mm and good
ductility similar to that of cold rolled sheet steel, KFNE, has been
successfully developed by optmizing chemical composition. In the
rolling of thin strip, the rolling temperature frequently drops below
the Ar; transformation temperature of the steel, and a microstruc-
ture with abnormally grown large grains develops on the surface.
KFNE is designed to have lower Ars transformation temperature
and the similar strength to that of conventional steel by lowering C,
M, P, Al and N contents and by adding 0.5% Cr and 10 ppm B.
By the addition of Cr, decreasing of solute C of ferrite matrix and
coarsening of carhide are caused, which results in the improvement
of elongation. Formability in stretching and stretch flanging of the
developed hot rolled sheet steel KFINE are better than those of con-
ventional hot rolled steel and similar to those of cold rolled sheet
steel.
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Fig. 1 Bilock diagram of metallurgical simulation model
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Fig. 2 Effect of alloying elements on Ary transformation tem-
perature, tensile strength, and total elongation of low
C hot rolled steel (predicted by metallugical simulation
model)
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Table 1 Chemical compositions used for caluculation by metallurgical simulation model
. ) (wt. %)
C Si Mn 5 Al N Cr B
Based composion .04 0 G.30 0.015 0.010 0.010 0.0020 0 0
Changed values 0.01 4} 0.05 0.001 0
(in caleulation) oo o5 ok 0.0 N - N 1Yo 0.0030
17 eSSk ER Vol 23 No. 4 1991
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Table 2 Chemical compositions of steels investigated
{wt. %)
Steel C Si Mn Cr P S Al N 0 B
A 0,040 0.01 0.09 (.01 0.005 0.002 0.010 0.0020 0.0026 0.0010
B 0.038 0.0t 0.07 0.21 0.005 0.002 0.019 0.0014 0.0038 0.0008
C 0.0358 0.01 0.09 0.50 0.006 0.002 0.005 0.0014 0.0048 C¢.0009
D 0.040 0.01 0.07 1.02 G.006 0.002 0.013 0.0014 0.0045 0.0010
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Fig. 3 Effect of Cr content on yield strength, tensile strength,
and aging index of hot rolled steels
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Fig. 4 Effect of Cr content on elongation of hot rolled steels
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Photo 1 Change in iron carbide’s morphology of hot rolled
steel by Cr addition
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Fig. 8 Effect of Cr content on Ary transformation temperature
of hot rolled steels
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Table 3 Aimed mechanical properties of KFNE

Thickness YP TS T. El Al
{mm} {MPa) (MPa) (%) (MPa)
1.4 ] =260 300 ~360 =45 =30

Table 5 Hot rolling condition of KFNE

HrT20T 24 rATORBOAF v &L, BEHRS , 5

. N Slab reheating temperature 1260°C
Mrns. Lil, TORE AnEESOETREHNOKE Finishing rolling temperature 820~850°C
B L BB 5 b, EREASE LT R b, P c0eC
FDiw, BRIHL o TEADIE~F L 5iT{E AlHE N O Thickness 1 4mm
FEL, 7274 tHOREEYR<THLICEBL TS,

Table 4 Chemical composition of KFNE
{wt. %)
C Si Mn Cr P 5 Al N (8] B
0.04 0.01 0.09 0.50 0.008 G.002 0.013 0.0022 0.0025 0.0010
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KFNE

Photo 2

SPHE

Microstructure of conventional hot rolled steel (SPHE) and newly developed hot

tolled steel (KFNE) at a distance of 30 mm from the strip edge

Table 6 Mechanical properties of KFNE steel sheet (1.4 mm)

Thickness Test Tensile test#! Notched tesile test®2 Aging test
{mm) direction (N‘I{PIZ) (D;IrPS’a) L(I'%Fsl 1(‘%%1 r value % value Elongation (%) AT (MPa)
L 232 325 26 49 0.71 0.265 14.1 2.0
1.4 T 240 330 26 48 0.85 0.261 14.2 1.0
45° 243 321 28 50 1.00 0.289 15.8 1.0
*1 Test peice: JI5Z2204 Na. 5
*: Test peice: JISZ2204 No, 5 with 2 mmV notch
BNEZCTH D, AnEBAETRLUCHEEEYSL RSO 50
WRIB LR T3,
3.3 3IEDEM @ KENE
Table 6 iz KFNE o JIS 5 23[3 h BB L 28 2 T as, ) SPCC
T ELiz 48% L H@ESVORGAETSH S, £, 531380 s
OEABRFEL P E V., g
Fig. 6 (A UAE (1.4 mm) OBHEMIE SPCC, 763 7 8 E Q
# SPHC, SPHE % 578 KFNE @ TS-El -2 5 v A % W& Uik 5 SPHE
4
Fa7+n, KFNE @ SPCC A% Lo TSEl35 v ag o g ¥
CEtibma, & SPHC
3.4 n I ¥
KFNE o Tita#~ o0, BIHLELY LT Hrz 5 35 ! | i I
v UfEn SPCC, SPHC, SPHE & HgfLCi#E Lise B HH LI 300 320 340 360 380
it 150mm¢ TORE-~ A CEBOBEIHLE S YAETELE, Tensile strength (MPa)
07 7 v o, 36 mmg OFf LR &Y, RN E Lk Fig. 6 Relationship between total elongation and tensile
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KFNE L R HAB#OE v LR 2, ~LTFEL T.El & of
FrEhEh Fig. 7 & 8w+, Eol Ukited T. El ik f
LTEEL, KFNE (3 EEA REF TH 5 0T SPCC s FASL LOE
hHLEER b2z &ttdbehd, U 75 v o074, T.El
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strength in conventional hot rolied steels (SPHC and
SPHE), cold rolled steel (SPCD), and newly develeped
hot rolled steel (KFNE}

#ig s KFNE ¢z SPHC # 2 ¢¢ SPHE it~ TABEHE S
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Fig. 7 Relationship between total elongation and bulging
height in conventional hot rolled steels (SPHC and
SPHE), cold rolled steel (SPCC), and newly developed
hot rolled steel {KFINE)
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Fig. 8 Relationship between total elongation and hole ex-
panding ratio in conventicnal hot rolled steels (SPHC
and SPHE}, cold rolled steel (SPCC), and newly de-
veloped hot rolled steel (KFNE)
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