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Abstract

The two-point correlation and linear-path probability functions were used to statistically ana-
lyze and characterize the metallography of advanced high-strength dual phase steel observed by
the optical microscope. Combined with simulated annealing optimization algorithm, a recon-
struction method for the microstructure of dual phase steel was established. The RVE model was
constructed based on the reconstructed microstructure. The tensile and shear mechanical
properties were predicted by using the RVE model. The results showed that the typical micro-
structure of the dual phase steel with statistical significance can be obtained by combining the
probability function with optimization algorithm. The mechanical properties predicted by RVE
model base on the reconstructed microstructure are in good agreement with the experimental
results.
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B 5 AR (R i, IRERTHIE T KER R R R, IWMTEGRIEZ &SRR T
R R, BRMTHFERRAR, RAHBRD, 1SR E AN TR, EREEM T, B, BEa8R
Ho s g v OB EREAR N 802, TE A5 BRI A GIXUHE (Dual Phase, DP)4M. 3748 175 5 98 1 4N Al
PN S S g i e o St S SN BV R E R B S RS 3 T2 A, B RS T2
Bt Al vy DU S AL SR R FRIER o 256, (HJ2 DP 4 54% 4t i ot BE AR TE O 4 R 450 T AFEAR AR
DX, AN A 445 R AN A2 PR B AR T A2 R AR 3R ) AR R AR ZE A, TR AR 70 2 1 i 5 Ao 4141
SERIH Y RSB VDA O [L], A5 )2 PERe R SO e e B A — SR [ A (e o, % kAT RIS 2R )
RIS, #THZR AR E I L RS, 4G MR G ) Y RE AT L, — B
FEMRVRL U B B N 2R (2] DRI, EAT St e s XU AN O L GRS R R AE . EE A RN ) 2 1 e
T o S T L 1) 4% RO — AR BT, RNFRMR T2 - 450 - MERE RN 2 AN R A EEE .

SEA MBI RO 2454, B A 4538 OO e T PPRMRE M T000 7 TH Pt 98 A o i 5] NG AL,
Boudeau 5573 #T T dm AR # FH 5 A0 0T 4 AR B a B R AR v v SR AR I 2 [3] . Sodjit-Uthaisangsuk 2T
SEAROUIN YRR AR ROUL 2 2R R R R T AR R RO AL, S XU . ) - NARAT AT T 5UE
BTN, 1532 7 AR S I0 B W) & RIFHIZIR[4]. X S — AR ARAT R I T GBS AR R,
Paul-Kumar 3 AR ARAR T 1 P B A RNk 25 AR 1) HE AR 25 A8 T 51 i fr S8 97 AR £ rh 2R 20
[5]. TEMOM LRSS ERWF 5 71, Yeong-Torquato 51N T —Fh it A AL IR, @it —4H45 & AR etk
BRI AR SR & 4544 [6] 0 Jiao S5 /4R T I8 I 9 sURH S R E8O0) 3 ST A RHEEAT BRI e A
JRER[7]. 9SS AT ENL =4 EMEOR, W TS S MO A S MR, R
FEVEREREAT T A BRIT/HT[8]. Liu SEHTT T 2 REEM B TH A IO A G5 M RAEFN T, G52 T MR}
TS EMMALE Z AR R[], BTELS BV, FERSRESMMHAN ST FHYLE
PHARBEAT THTTT, SEBL T BRE GO 1 =4 T AL [10] [11]. A8 R1555)% F EBSD A1) it £
s AR AN = YO A AR S5 34T T BEA[12] . IR SRR I, B SR L () ARO £ 4R 6 4 A
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B A AR AR AR O AL BEAT S22 PR RE T, L &5 SRS NS 2 WA B ISR 12 R, AN B SRty
PERR RN s MORMYOU 4L 23 45 1) A FOAIE 0 A 22 38 T840 V) BOARCRIRE 4%, 45 & 5pLt
AT = e E N, EEY) AT EE S WO MOZRE LR R, 15 35 0 S g R B AR 2 — I
FENF SR I TAE, A, XA R BRSO, BRI HI Y A R, R R 2.
AN DS 3 i P AN A A %, B RANREINR . B GBI FEAG i, S AR
ARFH R ITCHHT, T I T 10U AL 23 45 44 B 04 1) 4 338 2 5 2 XOURH 4 7 27 1 e T it 2 A
2. WP E LRGN SR
2.1. R ERER=
ASCHIF TR G N 2 3k v 9 B XU (Dual Phase, DP)% DP600, Ak 27 pi st 1 fros.

Table 1. Chemical composition of DP600
= 1. WHEM DP600 L /K 4y

TLFE c Si Mn P S

oL 53 U % 0.15 0.8 25 0.05 0.01

XUAHAN DP600 [ A Ty 22 RE S 44 2 Fis.

Table 2. Basic mechanical properties of DP600
& 2. WHHW DP600 EARHF RS H

LZEas JE R 3 /M Pa P E/MPa HE AR % K IEAER % nfe R1H
DP600 367 611 165 25.3 0.18 1.04

NERAFH TG o S AR AE SRR O 2 2R 2548, A4 ASTM E3-11 bt & e AH MM CAE, #S
BB ELHI AR RIEAS T AT AR UI R, G Be T BUR AR RH, LBRR LMK, T8, ik
AR, MREREFELS BB R . R 74 Bl B VAR AR AT Bk, Skt
FETEARIE N 22 B 22, k% — e e BU I PRS00 i AN 2 G (RR 8 75 ZE ] in N /> S8 ) B B3 50, EN
FEEI N, Akt 5B, e R 320#. 600#. 800#. 1200#. 2000# TL AP 4RIK 34T RIS . % F B shiltt
b5, 5 um BLE I RIA TS, IOGRE DY 300's, IIGIE F19 5N, 0.5%F it B RS ViU hke
fs BRI TR SIZE 15 s A2 AT, FEAIOOGTE H B0 5 57 B AE P 28 TRk e, DABS CRAE St W T 44 T
4B A HR R AIH2010 HEAT U AR MOV 2 245 F f S A0l , 45 31 XURI AR DP600 i S S i 21
Lt 1@)Fs.

2.2. M ALLERIFRAE

M FH BB A B A SR AN IO 2L R 454 e A Pl o RO B B AR AT IR ARR F 2 0 AN 1 R AT 2R
TAEAAREE, BRI AE A R R A (L)

O(mz{o I(p)<T @)

Ko, p=(x,y) RAMLLLEE 4 HIE B, | (p) R WIS MOAL S 4 B, O(p) Fom
OB S I R, T N — (B F AR S T OB (B, XUAIA DPBOO [ SR RO AL 4L 4 4 A
25— AL AN T E R 0 1(0) B
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Figure 1. Microstructure of DP600: (a) experimental measured metallography; (b) binarized image
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Figure 2. Two-point correlation and linear-path probability function curve for microstructure of DP600
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3. WEPRMELREIIER
3.1 EfEASEXE

P T B R FH AR s WA 58 D MR 2 2 8 ) < A TR A AR SR AR R oA R AT ) 2 MR R T 1 25 SR A
BAGHR I AIARER M, TG, A 06 R T U N O 4 23 45 R R AIE PR E 2% 49 v o 250ty 28 3 AR 2H 213
SERIAT R, LA E RO H S M ST ARR AR B O, F T SRR T

AR FH ISR AR SO A5 W SR 730 14 3 FTvR,  SEAIRFR A2 DAXICRH AN 1 B IR AR 73 B A1)
GRS AT BEHLAG A BT AR WOM A ZRE5 K, anl&] A() o, FFRTRIA6 BENLAL WOULZH 23 25 K 3k AT RE 22 45 11 oR 4
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Figure 3. The flowchart for DP600 microstructure reconstruction based on the simulated annealing algorithm
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Figure 4. The microstructure reconstruction for DP600: (a) initial result; (b) final result
[E 4. AN DP600 KU MBLAEHIEND: (a) #iR1L; (b) EHMER
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Figure 5. Comparison of probability function curves between reconstructed DP600 microstructure and experimental ob-
served metallography
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Figure 6. The RVE model for mechanical property prediction of dual phase steel based on the reconstructed microstructure
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Figure 7. The uniaxial tensile mechanical property prediction of DP600: (a) FE model; (b) Distribution of equivalent plastic
strain; (c) Comparison of the stress-strain curve
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Figure 8. The model for shear mechanical property prediction of DP600
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Figure 9. The predicted result of shear mechanical property for DP600
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