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Microstructure and room temperature formability of AZ31
magnesium alloy produced by differential speed rolling

AZ31
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Abstract: To explore the possibility for enhancing the room temperature formability of AZ31 magnesium alloy sheets by

multiple pass differential speed rolling(DSR) technic with small-speed ratio, the characteristic of microstructures and

formation mechanisms for DSRed sheets were studied, and the intrinsic relationship between the microstructure and

formability was discussed. The results show that the accumulated shear strain induced by multiple pass differential speed

rolling promotes the interaction of compression twins. Furthermore, fine-grained microstructure and weakened (0002)

basal texture can be achieved. A higher ductility with elongation of 32% and an evidently enhanced press formability with

Erichsen value of 6.14 mm at room temperature are presented for as-DSRed/annealed specimen. The weakened (0002)

basal texture intensity and lower plastic strain ratio are thought to be mainly responsible for the enhancement of room

temperature formability.
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Fig.1 Optical microstructures of AZ31 alloy sheets before and after annealing: (a) As-CRed; (b) As-DSRed; (¢) As-CRed/annealed;

(d) As-DSRed/annealed
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Pomax=2; (h) As-DSRed/annealed, ©Op.=2
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Fig.4 Simulation of shear deformation induced by multiple pass differential speed rolling: (a) 0 pass; (b) 1 pass; (c) 2 passes;
(d) 3 passes; (e) 4 passes; (f) 5 passes
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Fig.5 Nominal stress—strain curves for as-rolled and as-

annealed specimens tested at room temperature AZ31

6

Fig.6 Photographs of cups drawn at room temperature for as-rolled and as-annealed specimens: (a) CRed, Er=2.04 mm;

(b) CRed/annealed, Er=3.59 mm; (c) DSRed, Er=4.28 mm; (d) DSRed/annealed, Er=6.14 mm;
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Fig.7 Plots of normal anisotropy as function of orientation for

as-rolled samples

(0002)
3
1)
(1010)
AZ31
2) (0002)
573 K 30 min
3) AZ31
8%
33% 573 K 30 min
32%
4) AZ31
2.04 mm 4.28 mm
573 K 30 min 6.14 mm
(0002)
REFERENCES

[11 LEE S, YUNG H C, WANG J. Isothermal sheet formability of

[2]

[3]

(4]

(3]

(6]

(7]

(8]

9]

(10]

[11]

(12]

[13]

magnesium alloy AZ31 and AZ61[J]. Journal of Materials
Processing Technology, 2002, 124 (1/2): 19-24.
SEAN R A, OZGUR D. Plastic anisotropy and the role of
non-basal slip in magnesium alloy AZ31B[J]. International
Journal of Plasticity, 2005, 21(6): 1161-1193.

> , . AZ31 [J].

,2003, 13(3): 594-598.

WANG Ling-yun, HUANG Guang-sheng, FAN Yong-ge. Grain
refinement of wrought AZ31 magnesium alloy[J]. The Chinese
Journal of Nonferrous Metals, 2003, 13(3): 594—598.
KOIKE J, KOBAYASHI T, MUKAI T. The activity of
non-basal slip systems and dynamic recovery at room
temperature in fine-grained AZ31B magnesium alloys[J]. Acta
Materialia, 2003, 51(7): 2055-2065.

; , ; . .

, 2005, 15(1): 1-11.
CHEN Zhen-hua, XIA Wei-jun, CHEN Yong-qi, FU Ding-fa.
Texture and anisotropy in magnesium alloys[J]. The Chinese
Journal of Nonferrous Metals, 2005, 15(1): 1-11.
KIM W J, HONG S I, KIM Y S. Texture development and its
effect on mechanical properties of an AZ61 Mg alloy fabricated
by equal channel angular pressing[J]. Acta Mater, 2003, 51(11):
3293-3307.
AGNEW S R, HORTON J A, LILLO T M. Enhanced ductility
in strongly textured magnesium produced by equal channel
angular processing[J]. Scripta Materialia, 2004, 50(3): 377-381.
MUBACHI M, IWASAKI H, YANASE K. Low temperature
superplasticity in an AZ91 magnesium alloy processed by
ECAE]JJ]. Scripta Materialia, 1997, 36(6): 681-686.
PEREZ-PRADO M T, VALLE D, RUANO O A. Grain
refinement of Mg-Al-Zn alloy via accumulative roll bonding[J].
Scripta Materialia, 2004, 51(11): 1093—-1097.
SAITO Y, UTSUNOMIYA H, SUZUKI H. Improvement in the
r-value of aluminum strip by a continuous shear deformation
process[J]. Scripta Materialia, 2000, 42(12): 1139—-1144.
UTSUNOMIYA H., HATSUDA K, SAKAI T. Continuous grain
refinement of aluminum strip by conshearing[J]. Mater Sci Eng
A, 2004, 372(1/2): 199-206.
AZ31 [J1. ,

2009, 45(1): 58—62.
WANG Li-na, YANG Ping, XIA Wei-jun, CHEN Zhen-hua,
CHEN Ding, LI Xiao, MENG Li. Textures and deformation
mechanisms of AZ31 magnesium alloys under special
processing technologies[J]. Acta Metallurgica Sinica, 2009,
45(1): 58-62.
CHEN Z H, CHENG Y Q, XIA W J. Effect of equal-channel



20

7 AZ31

1253

[14]

[15]

[16]

[17]

[18]

angular rolling pass on microstructure and properties of

magnesium alloy sheets[J]. Materials and Manufacturing
Processes, 2007, 22: 51-56.

GEHRMANN R, FROMMERTB M M, GOTTSTEIN G.
Texture effects on deformation of magnesium([J]. Mater Sci Eng
A, 2005, 395(1/2): 338—349.

BARNETTA M R, NAVEA M D, BETTLESB C J. Deformation
microstructures and textures of some cold rolled Mg alloys[J].
Mater Sci Eng A, 2004, 386(1/2): 205-211.

MUKAI T, YAMANOI M, WATANABE H. Ductility
enhancement in AZ31 magnesium alloy by controlling its grain
structure[J]. Scripta Materialia, 2001, 45(1): 89—94.

IWANAGA K, TASHIRO H, OKAMOTO H. Improvement of
formability from room temperature to warm temperature in
AZ31 magnesium alloy[J]. Journal of Materials Processing
Technology, 2004, 155/156: 1313—1316.

WATANBE H, MUKAI T, ISHIKAWA K. Differential speed

rolling of an AZ31 magnesium alloy and the resulting

mechanical properties[J]. Journal of Materials Science, 2004, 39:

[19]

(20]

[21]

(22]

[23]

1477-1480.

KIM S H, YOU B S, YIM C D. Texture and microstructure
changes in asymmetrically hot rolled AZ31 magnesium alloy
sheets[J]. Materials Letters, 2005, 59(29/30): 3876—3880.

KIM W J, PARK J D, KIM W Y. Effect of differential speed
rolling on microstructure and mechanical properties of an AZ91
magnesium alloy[J]. Journal of Alloys and Compounds, 2008,
460(1/2): 289-293.

VALLE J A, PEREZ-PRADO M T, RUANO O A. Texture
evolution during large-strain hot rolling of the Mg AZ61 alloy[J].
Mater Sci Eng A, 2003, 355(1/2): 68—78

PEREZ-PRADO M T, RUANO O A. Texture evolution during
annealing of magnesium AZ31 alloy[J]. Scripta Materialia, 2002,
46(2): 149-155.

CHEN Y Q, CHEN Z H, XIA W J. Drawability of AZ31
magnesium alloy sheet produced by equal channel angular
rolling at room temperature[J]. Materials Characterization, 2007,

58(7): 617-622.



