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Abstract
In order to investigate the effect of bending-rolling composite deformation of magnesium alloy on
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its organization, by constructing macroscopic finite element model and microscopic dynamic re-
crystallization model, the multi-directional bending-rolling composite deformation of AZ31 mag-
nesium alloy with different thicknesses was simulated at 400°C, and examined the change of its
weave. The results show that: the equivalent stress increases with the number of passes and de-
creases with the thickness of the plate, and the peak stress value is larger than the trough; the re-
crystallization phenomenon is more obvious with the increase of deformation passes, and twin-
ning occurs during the deformation process, and the proportion of twinning increases in two
passes. The microstructure changes in the composite deformation of AZ31 magnesium alloy were
simulated by the cellular automata method (CA), and the microscopic simulation results were
consistent with the experiments. The composite deformation can effectively weaken the basal
weave of the plate as shown by EBSD inspection. By establishing the microscopic simulation model
of composite deformation of AZ31 magnesium alloy, it is able to simulate the process of composite
deformation of press bending and rolling flat, which is a certain guidance for composite deforma-
tion of magnesium alloy.
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2. LW
2.1 LWL

SRR R0 3 mm Al 5 mm ARG H] AZ31B Hiobf, %09 100 x 100 mm, BARR Y WA 1. S5
R BORKEEAT 400°C LR 20 min. BESEHEAT RSk, M2 HASACAE 3150KN DURERENL b, WML
SR 2. REBRBRWE 1 FoR, EEHAKREEE 30 mm, A 8 mm. K5 {RIE 20 min 5
ATHELEISESS, FNLSENE 3. LRI R AP RRE R T 18, RIELH] 77 18 A0 H 25 77 [a Al 5] #L 05 1) 5
IEE TR RS 2 S5 R LT a8, PREIRZ ISR A D9 907, AN[FJTE R ELHITT A A R % b
ANTRVEL 7 TR FHAS [R]38 70O AR OU 2 2R 2
Table 1. Chemical composition of AZ31 magnesium alloy (mass fraction/%)
1 AZ31 HEEMLFER D (RE S EI%)

Al Zn Mn Ni Fe Cu Si Mg

2.95 1.09 0.30 0.0002 0.0016 0.0017 0.016 Bal
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Figure 1. Press-bending tooling diagram
1. EERARE

Table 2. Basic performance parameters of four column hydraulic press
2. MHERENERMEEES

TH R iazhih e JRJZ i JE 7R RS P
S 3150 KN 800 mm 1000 mm 1260 x 1160 22 KW 8 mm/s

Table 3. Rolling mill parameters

=3 EAEH

HH RIh# & @ HLHL-MSK-5070-AC
FLERAL T Cri2MoV
LR 18 rpm
LR RS ®132 x 180 mm

DOI: 10.12677/meng.2022.94034 269 Bae TR


https://doi.org/10.12677/meng.2022.94034

2.2. BRTER
TEH PR ICHER A PR B ST A S U6 BT T R A EL = AR LAt PR o, R b i 6\l = 438 B Ak e S A L
NRFT I Z AT, RN STL M A IFE AR H b, B SR T LA T 4 2 Biw o

() AT =4ER Y (b) LA = 4ERERY

Figure 2. Mold and plate 3D model
[E 2. EERRM = 4ERE

BR A B A FH (0 BRI IR R B vh G AZ31 B4 &80, TR T3l AR S 5[ 12] . R ERN )
- NIAR LR AR[13], M AZ31 B A S TE RS IR R FIAK.
é=A[sin(ac)] exp[-Q/(RT)] (1)
b e ANARHER, s Q NALELGAE, Jmol, SMEE R o AWMAEN T, MPa; n AN 8% T
NYFHERE, K; RONEERSAEH R, 8.314 J/(mol-K); A Rl a N 5HEHT I H L
2.3. WYHRAERE
AZ31 BA S M RO 2L SV 7R LM X S UL 4.

Table 4. AZ31 magnesium alloy material parameters

F 4. AZ3LHEASHMRIEH

4 LA Ul
HY)HE G MPa 17,000
A TLHERE Q kd/mol 121.971
T HIIEBE Qb kJ/mol 134
HWH K - 6030
TREALH 2 ho 1013
S HH 17.7
HREED pm* 3.21x107*
ARG m - 0.2
2.3.1. ThABEEI

Je M E sh#l(cellular automata, CA)F-7E 20 22 90 £EAR i 4l N FH T 4 i 8 14 A8 T2 B 1) Ak 2EL SR FUL

To BRE GRS RE P K R A 2R K Eh A HAS L GOCE i EEOW R Mke . AREd AR
TCAEL AR Microstructure FEBRI B £ < A% ACBERR ) e 25 B I AR 8 T CA b AT #6440, 7T AR AULAE
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3. BRI
3.1. M5

4 3 S LI UL A7 50 A AL T DU 25 e SRR A S B AT 5 4, HLBLIL R
oL AR S BB, AR AT A R ORI AT S B LT
B ATHOR . BT DA A AL (R AEATISL A ST 1 4 AR SR L.

Stress - Effective (MPa) Stress - Effective (MPa)

287 I 236 I
157

78.6 I
0.000 I

191

0.000

3.59 MPa 0.787 MPa
176 MPa 134 MPa
(a) AR 1 (b) RN T3
Figure 3. Stress field distribution during deformation
3. T IRPR A
Ql Q2 Strain - Effective (mm)
1.88
1.25

0.000

0.0234 mm
1.88 mm

Figure 4. Feature point selection location
B 4. FHESERAE

K 5. 15 6 APTIEIRE A TR AR R RS RN /)R DL, QL A Q2 AR AL s 82 7 4Kk FE ML i T4k
AW T, 2R 2RO B, %R e NN B RS8R TR R, HAERR
FELRBEIEIN, WA AL TN AEAAE A5 P 75 ZE AL TR s GRS, 5 R BEAR A N A8 A A T Bh A P4
af, AR RLZETAIAL, BRE EBEAR B BT e, (N AR T3 A i A i, I DASE RN ) 4k S48
n, AHIEREARLE
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S TAE AR RO T BB I, R RN AR IR AT A A R T e, B BTG
RSB ER TR —1ER, I TR G . 5 mm B AR T A b A5 2808 48 3 mm AROM IS, A1
DR 5 ST B 3 P R, AN 5 2B N B rf s TBL S mm AROP S5 2005 7785 3 mm AR IR £
PILRE APPSR QL HLAT A AS R Q2 RN AR R, RN I 25 i A v [ S B R B B e Ay, U
W AR TOREEL R, Al 7, X BRI N AR K, B LA AL S RN T A AR R . B AR

82 A3 AN B AL R AT o LT AU B R SRR ST AN K o AR T RE AP B RS RN 3 e 5

B
Point Tracking ) Point Tracking
Stress (Effective) (MPa) Stress (Effective) (MPa)
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Figure 5. Thickness of 3 mm plate two times the composite deformation equivalent force

5. EEA3mm M AmEREEHEFHN S
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Figure 6. Thickness of 5 mm plate two times the composite deformation equivalent force

E 6. ERER 5 mm M mEREEHESFHNS

Figure 7. TC rimping contact diagram
7. EEEMREE

DOI: 10.12677/meng.2022.94034 273 Ve


https://doi.org/10.12677/meng.2022.94034

Rk %

Table 5. Maximum equivalent force values for different thicknesses of plates, rolling directions, and passes (unit: MPa)
5. FRIEERM. FLEIAE, BRERAFHREEA: MPa)

—IEIR [LIBER/N
B B FL 7 1A HEAE A
Ja FLi Jae FL
Q1 151 100 208 98
EEEEH
Q2 134 101 189 93
3mm
. Q1 154 107 208 103
5 K¢
Q2 140 101 189 93
Q1 112 118 154 121
5EEEH
Q2 101 101 148 90
5 mm
S Q! 114 95 160 90
5 K¢
Q2 102 92 147 86

3.2. WMER

K 8 WO AR GE RANSLERGE RS H, EREREEHARLZ G, HAPIEAERRAK IR, 1
FAAEDR R AT AS TR A AoRE, P45 it R E A UG W P A A% . EHIEIRE SRR EE TS
T3 N BB G, RO AR TR R PR B LU AL AT TR SR, B A ik i A v R R AE
AR AR AN R VASCHE SE ORI AR T, AT i R S 2R R . FEPREIRE S TAL G fok gL ,
WAL EIRIN, PURELET SR AR LR . SRR R SRR R R K i ik, [RIA RT AR
LR PG A AE S AL RERR A, X 52 S A A OR[16] 0 ALITT 185 RSP AT I R 4 AL R R AR
Ko PHIEUR R EIN R o AR TR G TR TR -1 220 S RO A DLZE 23 1~ 85 o RO o
bR AAERE L AN 6 P, ASAUL R R 5 SERR b RS IR ZEAE T AN, 1t W2 S0 45 SR 15 SE PRl
HLRGRAY & TR, BUEREP i ERSHEH, Rl AZ31 & e R e Bt rsisE
g hiE AR, BHURA —E RS E
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Figure 8. Comparison of simulated and actual organization
E 8. RINARNSLFRB LA ELE

Table 6. Average grain size of simulated and actual tissues under different processes
F# 6. FRIIZTRINAR S KIRARFHIRRR T

LT SRR RN SE AIERRRE% (JRand BRI R

‘ﬁ‘h ; OREE=Y ()
e /um LR 20.4 pm) F/um AHRTERZ1%
. HIEEER 15.2 25.49% 14.3 5.92
HIEIK ~
5K4AT 14.7 27.94% 15.1 2.72
. HEEER 12.6 38.2% 11.8 6.34
(BRI ~
5K4AT 11.4 44.12% 10.7 4.76

3.3. L9t

& @R AE {0001} )7 1A R AR SR EE B oK, BT EAIHBAE1Z 7 A LR 0L AT LA Y FRIE IR
HE WAL SR FEAR, FIERELF RTT M 5 EE AT 390 IR, BEETEIIIE N, Hob 23k ik
—B ik, XRBONREE B AT MEEAT, AORA Sl A S ARG R SR TR I, 551k
TR SR E () 9)
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(a) JRAEHRH (b) FIERELTEES S (c) HIERALEAT T IE%
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Figure 9. Pole diagram under different processes
9. FRIZZTHRE
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A A AL 7 A BR TR AN 0L P 45 R AZ31 B & M EEAT IR - AT E S RACK
OBl BT T AZ31 BEE EAEIRE - 5P E &AM R b N R MA A . 4500 F

1) Pyl sl 58 —TERIONLE R T 58— IE IR, VAL R I (ENS /N AR AL, 5 mm AP 24 8 7y
N3 mm RS, FLI T R R TR AN K

2) BIERE AT RIS IR SR L, HAAER R R . Bl I A T A L i
HTEES IR, PEXAE SRR HIERIER, HEREEER, PHEREE-FH AR
BCHIE IR RLRSE /I

3) R TTIE ESIHLER B & GO B ROW A SR AR HEAT T BB . RIS R 5 L0 45 R A AR )
s PR RST B R KA XTR Z Y 6.34%.

4) 5% - JLP R EAREA MO gs AR UK, FLoF O 175 IR 75 AT I 954Ul 5, P IE RS54k
FEERIK.
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