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Influence of Martensite Morphology on Initial Yielding and Strain
Hardening in a 0.11C-1.36Mn Dual-phase Steel

Kohichi SUGIMOTO, Tsuneaki SAKAKI, Toshiro FUKUSATO and Ohmi MIYAGAwWA

Synopsis:

The influence of the martensite morphology (the network structure, the isolated island and the fine-
grained island) on the mechanical properties, particularly initial yielding and strain hardening, of a dual-
phase steel was examined and discussed on the basis of the micromechanics.

(1) The network structure of martensite increased 0.2%, proof stress, ultimate tensile strength and strain—
hardening rate compared with the isolated martensite island. One of the reasons for this is that the in-
ternal stress arising from the difference between the strengths of the ferrite and the martensite was not so
much relaxed in the former structure as in the latter one.

(2) A dual-phase steel with fine-grained isolated martensite islands exhibited rather higher 0.29%, proof
stress and ultimate tensile strength due to mainly fine-grained strengthening, and also the highest uniform
and total elongation and reduction of area since the void formation around the martensite islands was sup-

pressed.
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Fig. 1. Heat treatment diagrams. WQ and

FC represent quenching in the iced brine
and furnace cooling respectively.
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Table 1. Volume fraction of the second phase
and grain diameters of ferrite and martensite
phases of three types of dual phase steel.

Type T(C) f dr (xm) dy(pm)
750 0.15 13.7 4.4
770 0.24 13.2 6.1
790 0,31 14.2 7.1
DP| 810 0. 40 12,5 7.5
830 0,52 10. 4 7.5
850 0.65 8.3 7.3
870 1.0 — 15.0
750 0.27 14.1 9.2
770 . 0.32 14,3 9.2
790 0.42 12,2 10. 4
DPQ 800 0, 48 13.3 12.6
810 0. 69 10,7 14.0
830 0,93 6.2 12.6
850 1.0 - 15.0
750 0.23 6.4 2.7
770 0,24 6.1 2.6
790 0.35 5.0 2.9
810 0, 40 4.9 3.4
DPI 830 0.51 6.1 39
850 0,52 4.5 3.9
860 0,70 4.5 4.9
870 0. 88 3.4 12.5

T: intercritical annealing temperature,
f: volume fraction of the second phase,
dr, da grain diameter of ferrite and martensite phases respectively.
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Photo. 1.
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DP T (a, d) is network martensite type, DP ][
and DP]] (c, f) is fine-grained isolated martensite one.

Scanning (a-c) and transmission (d-f) electron micrographs of three types of dual-

(b, €) is isolated martensite one,
F and M represent ferrite and mar-

tensite grains respectively. f is volume fraction of the second phase.
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Fig. 2. Tensile properties as a function of volume
fraction of the second phase. Theoretical curves
(1) and (2) on 0.29 proof stress show ones cal-
culated on the basis of the Tomora et al’s and
the equal strain models respectively.
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Fig. 4. Comparison between experimental true
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different deformation stages.
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SRR BB - LT3 Y ThvEEL bR
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MG BRI o TED SR B L eEBL, =
HEESCTAT VA VOB OEE & £ 5 |
o, BohfcE BB YU TEYT 5.

(1) =5 vy HoBESEL

TAT A PR ERET S L, BERcIE
EAEEEERIZX VA, 0.2% T, BIE®RIR X
COTHREERLYEL L. chiestT 30 & >0k
i, BRLTRE=ATvr A T 251 FHE DR
BTN L TRAET % RIS 2 EikigE e X o
ThINLMETFTRT, BHIEHELED 5 dicEihc
fERATHCLTHD. L, #2HERRIVEVES
WCIRMRINC = AT v 4 DFEREEAVINE { fe b Wik
BROBENKX L b t®, COFEIT I b,

(2) HdR ot

7 =74 MHOMANEIZ 7 = 51 F HORBRRIE Y &
DL DR EYEL 5. ¥4z hicB#E L <,
0.29 MHbE»2. 72541+, =AF V41 T
DAL LB DOEMIE N % ED 54, BRI EHH
IS OBMERE MO E A B A X\ O T, TR
DOTHBILRE LOFER XA F I EBE L Lo,
LoL, MHOBHEEIE7 514 - =AF v 1 5
HEDHBEAIMEIT 2 720, < OB EDE O F 4k
TOOTABEREBHERFL, KEV—BHOEET
SRL. ThicBA#ELT, £/, £rikEx<iks.
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