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Fig. 1 Magnesium alloy cylindrical part with inner ribs
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Fig. 2 Forming device of hot power spinning and spun
workpiece (spinning temperature =300 “C, thinning rate of
wall thickness ¥ =70%, feed rate /0.4 mm/r ): (a) Hot

power spinning device; (b) Spun workpiece
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Fig. 3 Schematic diagrams of macro-meso coupled model of magnesium alloy cylindrical parts with inner ribs during hot

power spinning: (a) Macro model; (b) Sampling location; (c) Boundary simplification; (d) Meso model
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Fig. 4 Texture of extruded tube blank of ZK61 magnesium alloy: (a) PF; (b) IPF

Texture

Texture
stength

) 000D gy (1120) 1010y SR (0001) (1120) (1010)

(a 8  (b) ¥ Y, Y. 2
5 4

X, 4 \ P
RD 2 RD ?
l— AD ¥ 0 I—»AD 0

D

Texture 56 _ Texture
© ©00D Max:7.00 (1120) (1070) Stength (0001) (1120 (1010)  stength

(d) % Y. Y, 6
6

4

X X 4 X X] X

2

‘ii;>‘i;;)iRﬁiil>‘lll’1ili”z
Y 0

TD*—~ AD 0

E5 Jie iR 300 C R 2 70% I Ba iy N i T AT 230
Fig. 5 Texture of magnesium alloy cylindrical parts with inner ribs at spinning temperature of 300 ‘C and thinning rate of
wall thickness of 70%: (a) CW, experiment; (b) CW, simulation; (c) IR, experiment; (d) IR, simulation




704

T A e E SR

2022 £ 3 H

AL 5 SR RLDURSE R YRR TN 185 A < N T R
A AT s 1V R o 1) iR B [ e A, (AR ik
i B RN I G LT YERE L T THIAT A RE B2 -

mm/r 55 {4 T BG4 N A B0 7 A0 B4 e R gt
ITBAUT T . 95 A ST 17 ABAQUS H -4
WA RL RS L, SR 5 43 BT 0 v A 1) b
AR ZR z il O BB 47N T Bl R G A I ¢ B R x

4 KEI%%@TE@%%%%W% Ot I S A N7 R BRI < 1120 > G ) E
SRR T AO M T 4 WA 3R =AML BRA b 1077 16 A2 A R
(TR B4R %85 Bh A i 4ok &, ki g
4.1 TEREZRTHOMETHE Mitex/tool 375 e [ 3 5 300 C i A~ [ B e ok v
T TR 1 2 -V & S b A s A e, AR N B el A TR R AR B AL B A AR T AR
R 55%~T75%. HEJEIRE 250~350 'C. #4044 6w
Texture
stength Texture
(0001) (1 120) (10 10) 6 stength
5
4 o 4
(0001y (1210) Max: 2.7 3
2 AD 2
‘ 1
0 (0110) 0
Texture
stength Texture
(0001 ) e a 120) (10 10) 6 stength
4 o 4
{0001y (1210) Max: 3.0 3
2 el |’
1
0 (0110) 0
Texture
stength Texture
1120 1 6 stength
(©) (0001) Max: 6.5 (1120) (1010)
4 o 4
(0001 (1210) Max 45 3
T e |
1
0 (0110) 0
Texture
stength Texture
(0001) 78 (1120) (1010) 6 stength
5
4 4
0001y  (1210) Max: 6.5 3
1
0 (0110) 0
Texture
stength Texture
(000) - (1120) (1010) stength
Y 5
4
(0001y  (1210) Max 7.0 3
- e il |
RD | 1
TD &—AD (0110) 0

Bl 6 JiEHIE N 300 C I ARl R BE AT B I AR T 440

Fig. 6 Deformation texture at cylindrical wall under different thinning rates of wall thickness at spinning temperature of

300 C: (a) 55%; (b) 60%; (c) 65%; (d) 70%; (¢) 75%



3255 3 wo0b, % BA

ST PO TR A 2R R R i A

705

@ = arccos/ 2 70% B, &R ¢ B EA AR R R L 1 A B A 900,
@, = arccos (h/\ > + k%) (1) PR, B B 4) BRI ¢ b 5 T s A4 1)~

0, = arcsin(w/«/m)

ZERRY], IR RN 55% I, A NI
TR A BE B L B AR ¢ il FR P AT T8 R D) 1P AT
g IR GREALY St A W14 L EN A EAVAES
RS OREE 1 2 IR SRR . BB U =R 1)
BER s dRE o b e s A A4 170 i % 1) A PEE ARG 35 S

1T. HI(1120) R EAT(1010) B AT &1, < 1120 >4
)R < 1010 > ¢ [ 75 Y1) ] — 2l 1] ~F- T80 0 £ 23 A T
—k2k, XRWFHLMA AWM. 29RE
B T5% B, SR B R AF 4 SR 20 43 E— 25
SR, R Y A — T BSR4 4

A AR
P 7 T 7 9 ke T 3L P 300 °C I AS [+ ik 7 25 4 1

AR, HARGURHEZRERS . SiERE K NS ERARESW . 857K, B E &SR
Texture
B strength T
©ooon) (1 1 20) (1010) 6 strength
a v s
4 o 4
. <ooo1> (1210)  Max: 2.3 3
2 2
1
0 (0170) 0
Texture
strength Texture
(0001) _— (1120) (1010) 6 strength
1 5
4 o 4
0001y  (1210)  Max: 2.4 3
2 o A A
A 1
0 (0110) 0
Texture
strength Texture
(000 1) a1 20) (1010) 6 strength
x:56 e s
4 o 4
0001y  (1210)  Max:2.5 3
r AD RD ™ 3
| 1
0 (0110) 0
Texture
B strength Textire
(0001) NG (1120) (1010) 6 strength
% 5
4 4
o001y  (1210)  Max: 2.7 3
] 1
0 (0110) 0
Texture
strength Texture
(0001) e (1120) (1010) 6 strength
(©) 5
4
(0001) (12 10) Max: 3.0 3
] 1
<01 10) 0

&7 ﬁﬁE:/mI#jjsoo C I S [E) ek 78 5 3 5 or B AR T 2R

Fig. 7 Deformation texture at inner rib under different thlnnlng rates of wall thickness at spinning temperature of 300 C:

(a) 55%; (b) 60%; (c) 65%; (d) 70%; (e) 75%



706 T A e E SR

2022 £ 3 H

c B 5 BE AL B ALK R i 5, EUAH [ 1 98¢
TR A AR RE ¢ B A 1 AR BN TRER . 20
R 55% B, dhRL ¢ FAN WIAE ) D % T AR /NI AR
FE, HA(1120) A AT (1010) W KE, 53 B 5%
AARFE T SRR S TR R RHE . BE A D
RMIAWIIE K, ERL o Bl W e s A4 A2 1) i %
BRI AN T I 6k H 5 BE S SR AR AN ], B
IR AR B T5% I, R 23 e KLY ¢ Bl A7) 5 T
PR 2 —E R

U BT 15 M REBT b 1 B2 7 4R 7 %55 ) AR
RPN, P 8 BT NI R 70%. e ELE 300 C %%
AT PR i s A B S R A A B ) = R R ) AT . B
I8 AT LA I, B 73 5 BOURE A B R D 1) . ) 5
Sl Sy KA, TR 0 A 17 R 8 ) KT
P 1 5N 3 (L] 8(a) R (b)). 2 [7] V8 7 6 4%
T, BEFREE K IAR ) e S ) AT R s # T R T
G TIE VLSRG S, DT I R S B A5 40 2 T i
KL c Ve £ B2 72 S

A BRI, AT KA 7105
G0 I35 A — B P A AR AR R, R SRR A
B R R R RS, ANIMAEZE )=
TR ISR AT A R R N e A 4ty
PR S35 5 TR A B s R 5 0 e A % AR T R G AR T 1

(a) CW

Stress/MPa

1.200X 10
8.500X 10"
5.000X 10"
1.500<10'
-2.000X 10"
-5.500%X 10"
-9.000 X 10"
-1.250%10*
-1.600X 10*
-1.950X10?
-2.300%X10*
-2.650%X10*
-3.000 X 10*

(b) IR

gttt B DU S SR ARIE R GHERN
WA R PR B AR T . B9 P o e s iR FE
300 “C I AS [l 9ol 78 2 2 A1 T B AR A3 498 it b 25 AR T

R FR AR AT R BB A0
HETR

ERELW], TEARERZAT, BEEE R
AT iR AR RIAR T ER L . THET
THR RNV RN SETHARH 5 32 FH AT 2 B
B & N 5 1 T A A e A R RS T 30 ) &
Rlo B Dk e 3G, JETH . ATH S HETH I #8 R
(1) S AN AR Y LR MK kg, L R
BRI KHEE R, BERWBILEIRDN, Kb
A RIVR T BEEAAAR, HIARA: R &
IR0, 25 EATR, fEmEAMET, BEE 4
BTN, BRI, JERTmEE R/
BARRENZSE T SRR .

AR T LK) (1) 72 e 5 Rl oy 2 P ol R P AR e ) AR
WHBEHEX R BEXS AT LA, BE k21
B, BEE R RMPTE ALY RGN R AR
LA — B it sy, BRI A
KT B 10 B i R 300 °C. A [H ki
BELR AT IR W B B SI AR 4 A (A A T A AT
B 10y B R, HERE L 58 mm). 45

8 iSRRI 300 C I Z A T0% I B <t A fRT TR A B A A5 N g 73 A
Fig. 8 Stress distribution of cylindrical wall (CW) and inner rib (IR) of magnesium alloy tube with inner rib at spinning
temperature of 300 °C and thinning rate of wall thickness of 70%: (a) CW; (b) IR



e

32553 RO, A BEA ST N T A R E R SR AR 707
%ﬂ@w&aﬁg?mﬁiw&#ﬁm%ﬁmﬁ%
1 ST B BRI, B A S
g2 e Y] I e
B v ST AT R G AT AT R G A T
£ U R RGO St 0T, I 1 . 4R,
24 H”"“H =R BRI 56 A T R 5 ST B ST R 0 L
g 2| mﬂhﬂﬂ il e AR, LSS TAHE T RS 2 2R
Y RS RO A B R S AR P, T RE T RS 2R 1 A
o & & & S W SRR TR ER Ao o1 T S
AR S S

Deformation system
B9 e B 0y 300 C I AN [R5 R 2 AR T R SN
SR BT AR
Fig. 9 Accumulative shear strains of deformation systems
under different thinning rates of wall thickness at spinning
temperature of 300 ‘C

KRR, FeEAFANERR N AT R R, R
KT8 AR R T RN SR NAL BEE
A AR A LS AR BEAT XS LG, AnE 10(H PR, FLSE

JAR 5 AR AT A AR . R EPTE, AR
[Fl—Be iR N, BRI, e &SR

@

Strain
1.003

IS RN OV 000
oo
KXKK XXX XXXXX
& DD DA R R BD
S At ettt
S T e R

(©

Nt
)
(%]
=N

I 00 UGN I 00KD) ok
ook
X000 TS OR
—oRB—BAR L~
KXKX XXX XK XXX
ot o o e o o ot o o
i e e

(e)

Strain

2.600X 10

(b)

U LMD e it s B e = NI T AR E R e o
e, DRI, kAT R OR RS TP AT 42 17 s
175180, AR 28 BT S BORGBR IR e, AT i
JRAE T A2 0 AR B TRk 534k, kT
T 2R AT 10 o LU Bl Bl 7 = (1 08 i i AN 4K
IXABIGAE 1 U 3 B AR BRI A I 2 KT
PRI A I ) SR o

42 AERERE THREEERE

AT i s 2L BE T PR B 45 <ty P T3 fR AR B A A
BRI 12 fR. 85REKY], Hlekin
FEON250 "CI, iy Y S el FEAF B e o B AR T SR 1)

6.22

HXAKKXX AKX XX XXX
353533533335

XXX XXX XX XXX X
355333323322

[ —=— Maximum true strain
—e— True strain at CW
.2 ——True strain at IR

55 60 65 70 75
Thinning rate of wall thickness/%

B0  Jie I 529 300 “C IR AN R 3 2 A T R A e A A UL 44 2R
Fig. 10 Simulation results of hot power spinning under different thinning rates of wall thickness at spinning temperature of
300 C: (a) 55%; (b) 60%; (c) 65%; (d) 70%; () 75%; (f) True strain



708 AT 8 R SR 2022 £ 3 H
fE. e IR E A 300 ‘CHI350 Ch, BERZIFAH
R 05 Lincar increase =0 CW 55% o E B ¢ Bl AT T AR R A R E ) 2H R,

€ oatrifbl = cwer AR R E 55
ém Pk s B 13 JT o A U 7o S5 70% I AN [) e s ¥R 4%
== IR 60% PR L B A U . SR, HR e
E 02f —t 9250 CIN, 5330 5 B L IR 6 473 LA S )
§01 AR, a0 TD AR EATR: B (1120) 8% B
. _ [m{m (10T0) W TN, A5 LA BRI . B R
W 0 & PR 5B b g2

?)%gb ' %@‘Z,x 6\‘& é\%\\ %%\oi\ =]

AR D R, mfa AR B, BN, 1

Deformation system
B JiesiR 0 300 T AR AR T BT RS
T8 L T AT R SR T B S MBI HE
Fig. 11 Deformation amount ratio of each deformation
system to total deformation amount of all deformation
systems under different thinning rates of wall thickness at

spinning temperature of 300 'C

20 R B RYR TR R Ay e R Al AR A, — 88
fm L ¢ il 5 i R AR AT, — 3 A AR ¢ Bl
AR AR TR A, RITSORER 1 HORE ) B TR AR 2R

FAIRI IR BE S, BT SVRRBE R T . BES S )
0 2 1) &R ¢ Bl i % 71 FEAS [ 9 J5 IR A b — /1
BEAT T 008, I A A B SR 28 AL s e
T

[FIRE, A R e R IR 2R A BG4y A 1
%#%%ﬁ%%mﬂ%%ﬁﬁﬁﬁmﬁ/—%ﬁ%

ot aE RANE 14 Frox . A A e Hs il B,
%%%@%%%%ﬂ%@%ﬁm%ﬁ%%%ME,
ThEHEE AR THEEE R, #HEEERK
No BEAE BRI =, BERS A AL T R

Texture
B strength Textiite
(a) (0001) Max: 5.0 (1120) (1010) 6 strength
5
4 4
{0001y (1210) Max: 4.3 3
1
0 (0110) 0
Texture
_ _ strength Texture
(b) (0001) Max: 7.8 (1120) (1010) 6 strength
5
4 4
(0001)  (1210) Max: 6.5 3
1
0 (0110) 0
Texture
strength Texture
(©) (0001) Max: 8.1 (1120) (1010) 6 strength
5
4 4
(0001) (1210) Max: 6.7 3
2 ‘ : ‘ 2
1
(01 10) 0

& 12 ﬁ%ﬁﬁm%ﬁfﬂﬁfmﬁ? ﬂuEEEWm

Fig. 12 Deformation texture at cylindrical wall under thinning rate of wall thickness of 70% at different spinning

temperatures: (a) 250 C; (b) 300 C; (c) 350 'C



H3REH3IN

wOh, S BRE

ST PO TR A 2R R R i A

709

Texture
_ strength Texture
(a) (0001) Max: 4.7 (1120) 10 ;0) 6 strength
5
4 o 4
{0001y  (1210) Max: 3.5 3
1
0 (0110) 0
Texture
B strength Texture
(b) 00D 4 (1120) (1010) ¢ strength
Y, 5
4 L 4
0001y  (1210) Max 2.7 3
2 AD 2
1
0 <01To> 0
Texture
B strength Texture
© (0001) Max: 6.7 (1120) (10 Ylo) 6 stresngth
4 o 4
y 0001y  (1210) Max 3.1 3
2 AD 2
1
0 <01T0> 0

&l 13

ﬂ?ﬁﬁj}M%HTTHﬁﬁrﬁmthﬁﬁ AL B AR T AR
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Texture evolution of magnesium alloy cylindrical parts with
inner ribs during hot power spinning

YUAN Shuai'*2, XIA Qin-xiang', XIAO Gang-feng', LONG Jin-chuan'

(1. School of Mechanical and Automotive Engineering, South China University of Technology,
Guangzhou 510640, China;
2. School of Energy and Intelligence Engineering, Henan University of Animal Husbandry and Economy,
Zhengzhou 450011, China)

Abstract: By the simulation study on the macro-meso coupled texture evolution, the evolution law of deformation
texture at cylindrical wall and inner rib of magnesium alloy cylindrical parts with inner ribs at different spinning
temperatures and thinning rates of wall thickness was studied during hot power spinning, and the reasons of
texture evolution law were explored combined with macro and meso deformation analysis. The results show that
the c-axis of grains will deflect parallel to the radial direction of spun workpiece during hot power spinning, and
the deflection angle of the grains at cylindrical wall is larger than that at inner rib under the action of large radial
compressive stress. With the increase of thinning rate of wall thickness, the cumulative shear strain of slip systems
increases linearly with increasing macro real strain, which will lead to the continuous increasing of texture
strength. Temperature has a significant effect on the texture type. The spun workpiece still maintains the texture
characteristics of basal plane of blank at lower temperature. With the increase of temperature, the c-axis of grains
deflects with a large angle, and the plane texture characteristics weaken continuously. The larger the increasment
of the strain at inner rib than that at cylindrical wall as the temperature rising is the reason why the temperature has
a more significant effect on the texture strength at inner rib.

Key words: magnesium alloy; cylindrical parts with inner ribs; hot power spinning; texture evolution; macro-

meso coupled simulation

Foundation item: Project(51775194) supported by the National Natural Science Foundation of China
Received date: 2021-10-01; Accepted date: 2021-11-03
Corresponding author: XIA Qin-xiang; Tel: +86-13902233118; E-mail: meqxxia@scut.edu.cn

(miE LD



