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Abstract: By using a steel with standardized chemical composition and conventional manufacturing processes for
flat-rolled steel strip, a 1,500 MPa class stainless steel sheet whose product of yield strength (YS) and
total elongation (El) exceeds 30,000 MPa% was developed and its mass production has been established.
Besides the excellent YS-El balance, the developed steel sheet has excellent performance for not only an
anti-secondary work embrittlement but also high cycle fatigue endurance.

Core technology of the developed method is composed of a combination of high precision cold-rolling
and isothermal partitioning treatment in a batch furnace, the name of which was called Rolling and Par-
titioning (R&P) method. By the R&P method, the microstructure of steel is controlled to the mixture of
a strain induced martensite as the matrix phase, and an optimum amount of retained austenite as the sec-
ond phase which is dispersed in isolation and surrounded by the transformed martensite.

In this paper, the microstructure formation

during the R&P process and the deformation 40.0 ‘
g T e L e
=20,000MPa%",, ‘%
based on the results obtained from the in-situ _ 300 &0 o,
neutron diffraction measurement. The results -é- _— o
have revealed that the typical Liiders-like 2
stress-strain curve of R&P steel is caused by '_g a8
competitive plastic flow between austenite and % 15.0
martensite, and an effective transformation in- 3
duced plasticity phenomenon. 100
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Mechanism of Improved Ductility of 1,500 MPa-class Ultra-high Strength Cold-rolled Steel Sheet Produced
by Rolling and Partitioning Method

Yoshihiro Hosova, Yuta Matsumura, Yo Tomota, Yusuke ONuki and Stefanus Hario
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V2 MYy TEE T T+ 2 LORBEA RIS 5 HEE L
T, Rolling and Partitioning (R&P) HE& ZEXL 7222, 434
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Fig. 1. Schematic diagram showing the processing condition
and microstructure change in the R&P method?”. (Online
version in color.)
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Fig. 2. Comparison of the YS-El balance between mass-
produced conventional steels and newly developed steels
by the R&P method??. (Online version in color.)
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T TH 5720, KEBETHSND o HIFHEHIEEIZ & 5
THEE O RN LHEEEL 28 DEF L 5,

% D%, 300°C ~500°C DU IE HiH T 30 min~360 min D
PIEILEE & 17 > T, o H 2 By MO ARIE YA TCHE O
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AT o 72, W OBMRACIONE 2 ERT 5 7
0, 10% 7 £ F LT X Y (AASR) BIFAE WK THE
WMUZEEA02mD A v ¥ 27 4 L& —CHitET S
B AR 72, Il L 22 T DR A R TR L 7=
B, A ZhEITS T & R (ICP) SiikE T
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Table 1. Chemical composition of steel used in this study.

(mass%)
C Si Mn Ni Cr Mo N
0.08 0.38 0.67 4.70 16.8 2.7 0.10
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Liiders 2 (LU, Liidersir &89 %) 2Madkd 5 BT
WA ANE 7 — Vil A T 5 L X IZOANT T e T 7
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L7,
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Fig. 3. SEM-EBSD phase maps of RD section observed in (a)
as-R&P treatment with optimum reduction followed by
partitioned at 400°C for 360 min, and (b) after tensile
testing.
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%% Z°C, Partitioning ZUFEHIZ o AHHIZHT Y % L
IZEEN2Mok CrDEAE Z N TN L K5 % Figo
12789, As-rolled & 300°C TIERALMT D EKITLED &H &
BFREE L BN 6, —HO TR CLREMIZIFIET
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Cr A IN4 B @A % 78 L, Mo & Cr D RALMT it 23588 &
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DEIIFI 2512, Mo DRI 3.7 5 128IN$ 5,
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Fig. 4. Changes in both crystalline texture and volume fraction
of y phase in the R&P process assessed by the pole
density measured by neutron diffraction using iMATERIA
(J-PARC, MLF BL20). (Online version in color.)
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Fig. 5. Change in the lattice parameter of y phase as a function
of partitioning temperature measured by neutron
diffraction using iMATERIA (J-PARC, MLF BL20).
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precipitated in o’ phase during the R&P treatment in total
content of each element. (Online version in color.)
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Fig. 7. Typical stress-strain curves of as-rolled and after partitioning treatments with the combination of different temperature and time.
(a) As-rolled and partitioned at 300°C, (b) Partitioned at 400°C, (c) Partitioned at 500°C. (Online version in color.)
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Fig. 8. Appearances of both outer surface of primary bending and whole view of test pieces after fracture in both rolling and transverse
directions observed in the sample with partitioning treatment at 400°C for 360 min.
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Fig. 9. S-N curve showing the high fatigue endurance of the

sample processed by the R&P treatment at 400°C for 360
min®?. (Online version in color.)
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