EHIRR

)1 iy LBk 7
KAWASAKI STEEL GIHO
Vol.16 (1984) No.4

1 ) H 8T e R ) B B AR OO B 5
Newly Developed Hot-rolled High Strength Steel Sheets for Automotive Use

75 f&(Minoru Nishida) #IF 1Ef](Masatoshi Shinozaki) % {2 (Toshiyuki
Kato) &Ml 155 (Nobuo Aoyagi) % #i—(Jun-ichi Mano) AJL & J(Toshio Irie)

g

P Z#WINT 52 LIk v 2 B O SR IBIEHER A BI% Lz, P % 0.04%2L LU,
200°CLL FOIKIR TEE M -7z C-Mn-P RHHILFRIRLDS T0% L P22 5, 2 O IAE
PE, OV Z UM, ESREE, & ICBERHT R EPEICENR TV D, PIZ X D 2 RN ML
BIOEERAZEIC I DftiZa bz, C ZHEET DRI P 2N L7 IRRFE Y &
DV L EE S BGES I TIENE, T T o DPEIEN TV D, RO LD 20D T
W T OMTIEICENTEBY, CAMLRETHD,

Synopsis :

Two types of hot-rolled high strength steel sheet which utilized phosphorus as an alloying
element were developed. One is dual-phase steel which is obtained by hot rolling a C-
Mn-P steel with phosphorus content of more than 0.04% at a coiling temperature of less
than 200°C. This steel has a low yield ratio of less than 70% and shows superior
properties in ductility, stretch flangeability, fatigue and bake-hardenability. For this
steel, there are no problems in embrittlement, which are usually observed for
phosphorus-added steels during cold forming or welding. Another is a high strength steel
sheet for wheel rim use, which is characterized by a low carbon equivalent that is
attained by adding phosphorus to the steel instead of excess addition of carbon. This
steel shows good ductility and stretch flangeability. An adequate hardenability in the

welded zone of this steel results in superior formability and toughness of its welded joint.
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Synopsis:

Two types of hot-rolled high strength steel sheet which utilized phos-
phorus as an alloying element were developed. One is dual-phase steel which
is obtained by hot rolling & C-Mn-P steel with phosphorus content of more than
0.049% at a coiling temperature of less than 200°C. This steel has a low yield

ratio of less than 70% and shows superior properties in ductility, stretch flange-

ability, fatigue and bake-hardenability. For this steel, thers are no problems in
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cold forming or welding.

embrittlement, which are usually observed for phesphorus-added steels during

Another is a high strength steel sheet for wheel rim

use, which is characterized by a low carbon equivalent that is attained by adding

phosphorus to the steel instead of excess addition of carbon. This steel shows

good ductility and stretch flangeability. An adequate hardenability in the welded

zone of this steel results in superior formability and toughness of its welded joint.
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Fig. 1 Effect of simulated coiling temperature on tensile prop-
erties of the base steel hot-rolled in laboratory mill
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Fig. 2 Effects of alloying elements P, Mn and C on mechanical
properties of hot-rolled steel sheets hot-rolled in labora-
tory (FT': 780°C, CT: 100°C)
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Fig. 3 Schematic illustration of cooling curves of strips after
finish-rolling on run-out table
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Fig. 4 Effect of end temperature of rapid cooling on ferrite
fraction of strips air-cooled for 7s after finish-rolling
and rapid cooling on hot-run table of hot strip mill
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Fig. 5 Ferrite fraction plotted against air-cooling time after
rapid cooling to 700°C, on hot-run table of hot strip mill
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Photo 1 Microsiructures of commercially produced P-bearing
high-strength steels with low yield-ratio
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Fig. 7 Method of side-bend testing as a stretch-flangeability
test

Table 2 Chemical compositions and Lensile properties of low-yield high-strength P-bearing slee! sheets

Chemical composition (wt %) Mechanical property
Steel - Thickness |- oo e
I T BT e B 0 S BN SR AR
55 0.05 0.09 1.40 0.070 0.001 0.026 2.5 34.6 58.1 34 59 42
—bO(VI)ﬁ C.06 0.08 1.55 0.079 0.001 0.023 2.9 39.9 62.7— 32 64 36
60([[)7# "-_G-l() 0.15 1.24 0.041 0.002 0.023 ) “3:2 35.7 647.2 31 56 31
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in high strength steel sheets
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Table 3 Chemical compositions of high strength steel sheets for wheel rim use

{wt %)
Steel C S Mn P S Alsr Nb Wlﬁn/Si
R1 {Nb) 0.09 0.15 1.40 0.017 0.002 0.025 0.035 o _f-s_.-;;_
R2 (C-Nb) 0.14 0.1¢ 1.16 0.020 0.002 0.021 0.036_ 11.6
R3 (P-Nb) 0.09 0.14 1.25 0.044 0.003" G.Gé? 0.024 N s._q__
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Table 4 Mechanical properties of high strength steel sheets for wheel rim use
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Table 5 Chemical compositions of steels used
DP steel {(wit %)
30 P - T T T —— S
Steel C Si Mn P N Al Nb Ti
55 steel - -
P-55 0.05 0.09 1.49 0.078 0.002 0.026 — —
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TS (kgt/mm’} SPHD | 0.05 0.03 ©.32 0.011 0.010 0.021 —  —

Fig. 10 Relation between vield stress and tensile strength of
newly developed P-bearing high strength steel sheets

S5 BSkHE Vol, 16 No. 4 1984

PH-60

(HSLA) C.09 0.05“ 1.08 0015 0.005 0.040 ,Q'U,n 0.0‘lﬁﬂ

—_ 20 —



BB I #5R

FIENEE DD

Table 6 Tensile properties of hot-rolled steel sheets used
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Table 7 General comparison of properties among three
types ol steels

Low yield
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(P_E5,60)
TS-E!L
. O O %
Mechanical |rdﬂtiDn
properties Bake
hardenahility © ® ®
Formability O @ AN
Brittleness by
secondary working © a ©
Fatigue O @ O
Arc weldability O ] O
Spot weldability O © O

Note: @ Excellent
O Good
A Fair
»  Inferior
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