50 % 12
2021 4F 12

WEERMBS IR
RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.12
December 2021

AZ3IB ZFEEEHAEANERRANBESRETHMHEERE
I IE S

FTEAL NBR L5kl A

i3, x5kt MiEE!

(1. KERH K2 MREES TRE%E, v K5 030024)
(2. RIFERHE K= P IFRES5E, v KR 030024)
(3. RIFHEMMMER HARS 0, 176 KR 030024

W OE: NTREESEWMPFTERE, T EXGEERK R W AT . EEET, BEerBERER
PR B REK . IF HBERAE R FHEN, K TFREREHA LS SERMIGFESCRZ R EYm, K, 8
CHE SR AR () 77 VR SR B e T ELRE R, T LA PR S B AR T AN X AR P R B ZE R K o AT JE 22 T CaBa2004 iz [k A %f
Btk JeB Rl U], R FE BB S SR AR TR, ST AZ3IB BERGESFE A T 2w T E AR, BH ABAQUS
BIRTTHA S TR EFERT, [T A RRLE R P2 R U, IR 523800 o v 2 e B B HEAT L3R

Bk

KB AZ31B; HrE; B REAXERME; ROME; R

FEEDHES: TG146.22 XHEFRIREE: A

X EHS: 1002-185X(2021)12-4395-07

BESENEHMRBENEBMEZ —, BfHEE
Fs BT SR AL, W TSR IR,
THEL BRI, B SR 7 4L 1 2l B 25 9
PEARTE o Bz it A2 v e T 5 el R 3 i 7 A B s
WL BB A IR B, BT, AT R
PWRALER G, S E LM R R R BA O E 2, (HEE
AEERERT, WERED, BEEESRRTREEZE
X R T B S B, R, A
SRMAERER, BRI YO FEE S,
BERR N A5 B L) AR S e A% AR B A R AR L e ia )

HAr, RTEE SN BN & IR RS i s
A, SEELS SR IRE, SCERIEITT LR, 4
BEBACK, SR RAEN LRI, il kst
PR AR ZEIN G, i Ik i, BEAR I AR 4
Pan 50" it 4 mm () AZ31B B & & MR AT 78 28 in
HEEL, SRR, MELHIREE KT 290 CHF, PERM
SRR L . VL7 S BT 70 % B2 5L ) R P
250~300 °C W B AR () 28 1 % 22, AL IR B AE 350~
400 C AN A H BRLTR R AL AR o A BEAR A L IR
PR BERUT B AR T4 R, K TR T8 B AR I I B
SE UAE 150~200 °C 22 ],

I#s HEA: 2020-12-05

MNTESETHENmE B, TR P R85 0mH
RTHEANHRRMNES SR EERBERZmE, 55k
B 4 I AE Sl o R el R R 0 A TR L R ) A
[F) 3% i 7 B A & i h R AR AR, I BE A IR EE S B
FhiE, AR T AL I AR AL T B50RE He AN o FR A 8 T 9 55
P 2 At R B R R AR fh . 2 g A D0y
TEMEEARRKSE T, BEBERIG AR S
T PR AN AR 22 e AT RS T AR 2
. LRl iR G &M My g ALH, X
BAEEMHHEmER TSI, Bl TR
JE AN Bk A R e B G R R RS I B B R
5 FE 5 W AR 1) B R A X R . (R, 7EHR AU B
H, RTIREEAESENHE L2, REAFERET
HHEEmBEENAANEEICHEE, ETHEAEH
JEAN FROX — 4Bk, Ak 2 0T 90 2 AR IR A
XRRPEFF R T A2 AR, H AT $ &
AN B R R R 32 B4y oy 2 R, i
N5 = A L 77 5K B AR R R R R S SRR
CaBa2004 Ji I #E U 5 3 = A 51 N 47 FE A X6 FR K7 1
CPBO06 # %] i iz #E 1 .

AWFFELL RD Jr A AZ31B B4 &M i 7t 5t

& H: HFE SRR (2018YFA0707305, 2018YFB1307902) ; 1l Pi 44 FH: B K4 151 (20181102016 ; [H K A S8 F} 3% 4 4> (51675362)
fEEENY: T4, J, 1993 44, WibA, KERKRFMERSS TR%6, i KB 030024, Hif: 0315-2776763, E-mail:

1411491101@qqg.com



* 4396 -

Wi @RS TR

%50 %

%, 7T CaBa2004 Ji AR #EM, L4 3 2 AR L HE iR,
EESLRL R AR B, T T RS WM E A
X, HFERHARTEME TR EFEE, 75
A TR BE R I R v 2 A R
1 Bigoh
1.1 CaBa2004 i J& A X3 R 14 JE AR A N 218
CaBa2004 i M 1 W LEAX A 28 — A . 7] 5K & A AR
& J, 1 Von Mises Ja JIR v JUI F it b A A4 IR & A
PR 2 = S S sk AR B Jy, HiH CaBa2004
JeE IR v T £ B 500 = ol T2,
f=(J,)?%-cJ; (D
(1) HefREF IR IVEE S £ I1X Fihep 45 4 IR R AN X FR
P, HRE AT DUIE Ik 5 Al 7 ek R B 4 SR T

_3V3(a’-0a’) (2)

¢ 2(013—1—0'63)

X2 HF, o ARGER BRI T, o A A (1 ) il
Ri7Te B 1 ARG T BERR A 46 i 1 JE AR 7 6
1.2 AZ31B & &R N 4R RBIBIE DT

AZ31B BEARTEF Hid fE b, BN E B n b 152
JInEEWE 2 s, Hb, FOSHERE MY E
71, WFEIEEE TR Z J7 2, R T 1A e N
Y A Z AR, He, BERK O L, AR
N b, JER2h.

180

Yield Stress/MPa
B
w D [{e] N al
o o o o o

o

125 150 175 200
Temperature/°C

Bl AR B R SRR 4 I 10 e ISz g
Fig.1 Yield stress of magnesium plate in tension and

compression at different temperatures
=

N

A

K2 BirE TR

Fig.2 Force diagram of magnesium plate straightening unit

N T AT SR, BN RS (1)AZ31B B
KL AR TR JE RN s (2)BRHRAE A A 2B 12
AR J, AR D SR PR35 91 1T (3B 98 L AR T
2 AN

PR A N AR TR B B 3 s, H AR B AR
J 45 DX A AR DX I SE T3 oy, B DN Y, L fif
X IBVE AR X R SE 1 oy, SRTERIEN Yo, Horh, o
Y2 mie Ry e, FFRUENIEGE X WEE N “+7 J7 A,
LA X WAL A “-7 7T .

WA fh Ak br &, IRYESREENE ) 2 AR, 3, AN I3
IS WAE

Jz=%[(0'1—0'2)2+(o-2—0'3)2+(0'3—0'1)2] (3

J3:(O'lfo'm)(0'270'm)(0'3fo'm) (4)

K@) BT 010 0o G RN ERST, o BFFK
JE77.
FEF R B, T DL AR AP T R A e ),

K, =0, %:ﬁgﬁ, R (1) CaBa2004 F
T B2 79 8 AR AT 5 o
%
f= |:1(0'12 - 0,0, +0,° ):l -
3 27 (5)

[20‘13 +20,° — 3(0‘1 + 0‘2)0'10'2]
X (5w, Hf<oitf, AR 2 oy, N
YA . og NIERRLT].

JEAEIX ERE A ENREN: 0150y,
0,=1/2(01+03) s 03=0, 1y=1,=7,=0. H 1, oy /L%
VX IR ST, ik BB AR TE AR 3 2K (5D J&
75 X 1) e IR eR BOC R AUA

%
1 1 c 1
HZf’yf‘zavfﬂ ‘E(“vf‘z“vf):”ﬂ ©

Gylze(o-sl’c) @)
Zh o
|
/'
. =
Center layer # » .
Q ! Compression zone
Na.nir:l‘iayer 7 d Stretch zone
7 K s
.
A
T,

B3 B 7 A2 T 1

Fig.3 Deformation diagram of section stress of magnesium plate



12

FWHRE: AZ31B B:A & HEILRE R AR AR R ik 2w i 54 . 4397 «

P X R RSB FENRE N 0170y,
0,=12(01%03), 03=0, 1,,=1,,=7,=0. H 1, oy, HNHifif
IVEX W) JE R 77, IE BB TR, R X
ik bR 2% R AN

%
[;(20 : ; yzzﬂ —%[ayzz—%ayzsj:qz (8)

O'y2=H(0'52,C) 9
e S R A X 45 X AR, 7T 0
2 ¢ 5 FEAH O A

o REEME, &

O
&5 =N, NI R oo, o WA XM
yl
e
A V5L EE AR B 1 B o AR TR 2 Bk AR S i AR T
N R BN e
2. F =0 (10)
1 1
Uyl(h+e—y1)+§6y1y1=O'y2(h—e—y2)+50y2y2 (11)
1 1
oh(h+e—5m):gﬂ(h_e_5yJ (12)
~ ¥, —Ny, N -1
_2(N+1)+N+1h (13)
o Yo .
b= M MK
- #Q-Nm) Nt (14)

2(N +1) * N +1
A, N ONEH R s, WAS R 4e v X
MR, Bl 5 v 2w s &

2 HUEHEM

B emAEE Y, 2R TR
MR, MRS RN 1 SR 2 M
W WM, D58 25 Sehr i A B

o1

FEARENAR RN, REBENER, TEXNME
JE R B RS IR AR S 4, BAETUE X5 E A
BEMR M)A IR T o DRI, S 7 o A 110 A TR St AR AL 5 R
JeREE,
2.1 JURBI By &L

FIH ABAQUS FHIRjusrtrixtt, RHMKIIFE
R TTERT B G S AT B, BB A W 4 By
Ny W—NMFERITCAT AN R, FES BT 1.75
A2 mmETE, HhyBERKESEAN 95 mm, IR
4 100 mm, AR AR SHA 200 mm>80 mm>6 mm,
LR T SN AR S NIMA, W B O T AR T AR
B IR BEAR AR B RE P B B, AR — M Y
JIAN Z G, N Z J7 R AR . R
BEAEHEAT 2 mm>d4 mmx<L mm RIS, ERTFEEES TR
A% SRR gk 5 )\ &5 IR G N R BT (C3D8RT)
WAy, Wi
2.2 BB

ORGSR E VR B R E R
HIREM KK ZH, R4 SCER 16180 H A T
PABBEIEE AL 01 Sa. B Sc, B 4R &
HOA B AS [ IR RE N R S A R, i ] Bb s .

4 BENCHRARJLFTRLRY
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Analysis of Neutral Layer Offset Laws of AZ31B Magnesium Alloy During
Straightening Under Thermo-Mechanical Coupling Model

Wang Yadong®, Liu Cuirong®, Ma Lifeng?, Li Qiang®, Li Yugui', Gui Hailian®
(1. School of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)
(2. School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)
(3. Technology Center, Taiyuan Heavy Industry Co., Ltd, Taiyuan 030024, China)

Abstract: To improve the straightening accuracy of magnesium alloy plates, the neutral layer offset low of magnesium plates was analyzed.
At room temperature, the plasticity of magnesium alloy is poor and the tension-compression asymmetry is also large. And when the
magnesium plate is straightened at room temperature, improper control of the amount of pressure will cause the straightening effect of the
magnesium plate to be seriously affects. Therefore, temperature correction is often used to improve the straightening accuracy and the
temperature is an important factor affecting the tension-compression asymmetry of magnesium plate. Based on the CaBa2004
tension-compression asymmetry yield criterion and the basic theory of elastoplastic mechanics, the formula for calculating the neutral layer
offset in the straightening process of AZ31B magnesium plate was derived. A thermo-mechanical coupling straightening model was
established by ABAQUS finite element software to derive the neutral layer offset law at different temperatures, and the neutral layer offset
theory was verified by experiment.

Key words: AZ31B; straightening; temperature; tension-compression asymmetry; thermo-mechanical coupling; neutral layer offset
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