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Development of TRIP-aided Cold Rolled Steel Sheets with the Excellent Stretch-flange Formability

Takahiro KASHIMA and Koh-ichi SUGIMOTO

Synopsis : To develop the TRIP-aided cold rolled steel sheet with excellent stretch-flange formability, cold rolling of 0-50% was employed on the hot

bands having martensite or ferrite—martensite microstrure, followed by intercritical annealing and austemper treatment. When hot band of

martensite microstructure was subjected to cold rolling up to 20% and subsequent heat-treatment, the cold rolled steel sheet has relatively

high stretch-flange formability. This may be caused by the uniform fine microstructure composing of annealed martensite lath matrix and in-

terlath retained austenite. If hot band of ferrite-martensite microstructure with 60 vol% ferrite was subjected to cold rolling up to 20% and

subsequent heat-treatment, the TRIP-aided cold rolled steel sheet achieved higher stretch-flange formability than that of martensite mi-

crostructure. In this case, the ferrite phase is considered to suppress the plastic deformation of martensite and prevent martensite lath sub-

structure vanishing during cold rolling. Then finally the microstructure containing the fine uniform matrix and filmy lath-like retained austen-

ite obtains after annealing.

Key words: TRIP; retained austenite; microstructure; tensile property; stretch-flange formability; cold rolling ratio; annealed martensite; high strength

steel.
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Table 1. Chemical compositions of steel (mass%).

Cc Si Mn P S Al
0.21 146 153 0011 0002 0.039

FR16EE3 A 18 B FK 1645 A 25 HAZH (Received on Mar. 18, 2004; Accepted on May 25, 2004)
* (BR) I RURPTMIE ) BEEFT (Kakogawa Works, Kobe Steel Ltd., 2222—1 Ikeda Onoe-cho Kakogawa 675-0023)

* 2 {FMKFTLFEB (Faculty of Engineering, Shinshu University)
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Hot Rolling Process

Cold Rolling and Annealing Process
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Fig. 1. Schematic diagrams of hot rolling and annealing process of steels.
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Fig. 2. Optical micrographs of hot band with (a) martensite (M), (b) 56 vol% ferrite-martensite (FM) and (c) ferrite-pearlite (FP)

structure.
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Fig. 3. Change in microstructure with cold rolling ratio (CR) in M, FM (£,=56 vol%) and FP steels intercritically annealed and

then austempered after cold rolling up to CR=0~40%.
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Fig. 4. Transmission electron micrographs of prior martensite structure in (a) M and (b) FM ( f,=56 vol%} steels intercritically an-

nealed after cold roling of CR=20%.
PF: Polygonal ferrite. AM: Annealed martensite.
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Fig. 5. Variations in (a) volume fraction (f,), (b) carbon
concentration (C,,) and (¢) total carf;on concentra-
tion of retained austenite f,,XC,, as a function of
cold rolling ratio (CR) in annealed M, FM
(f,=56 vol%) and FP steels.
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Fig. 6. Variations in (a) yield stress (¥S) and tensile
strength (7S), (b) total elongation and (c) strength-
elongation balance (7SXEI) as a function of cold
rolling ratio (CR) in annealed M, FM (/=56 vol%)

and FP steels.
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Fig. 7. Variations in (a) stretch-flange formability (4) and
(b) strength—stretch-flange formability balance

(TS X A) as a function of cold rolling ratio (CR) in
annealed M, FM ( f,=56 vol%) and FP steels.
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Fig. 8. Effect of ferrite volume fraction (f,) in hot bands
on TSX A of annealed FM steels. (CR=20%)).
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Fig. 9. Illustration of metallurgical factors controlling
stretch-flange formability (1) of M steel.
@ The effect of volume fraction of retained austen-
ite. @ The effects of matrix structure and ¥, mor-

phology.
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Fig. 10. Optical micrographs of (a) FM hot band with 28 vol% ferrite (Nital) and (b) its annealed sheet subjected to cold rolling of

CR=20%. (Le Pera)
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