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Fig.1 Stress state of magnesium alloy sheet in the deformation

zone
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Fig.2 Additional stress of magnesium alloy sheet
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Fig.3 Stress state of magnesium alloy tube in the deformation

zone
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Fig.5 Geometric model of continual mandrel rolling process

120 for magnesium alloy tube
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Fig.4 Stress-strain curves of AZ31B alloy under condition of

350 ‘C and different strain rates
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Table 1 Chemical composition of AZ31B magnesium
alloy (/%)
Al Mn Fe Zn Si Cu Ni Mg
337 029 004 086 0.1 0.002 0.005 Bal.
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Table 2 Simulation parameters of continual mandrel rolling
process for AZ31B magnesium alloy tube

Parameter Value
Room temperature/'C 20
Friction factor 0.6
Specific heat/J {kg -C)™* 102
Thermal conductivity/W {m -C)* 35
Convective |-+ === - -estotoms —enaanas 2 ol 11

Ir 150
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Fig.6 Diagram of the processing parameters of continual

mandrel rolling process for magnesium alloy tube
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Fig.7 Pass parameters of continual mandrel rolling process
for magnesium alloy tube
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Table 3 Process parameters of continual mandrel rolling
process for magnesium alloy tube

Process parameters Value Remark
Distance between each
500

stand, Ds/mm

Distance between the roller

centerline and the rolling 170

centerline, Do/mm

Mandrel diameter, d,/mm 33.5

Mandrel insert speed, Vinser/mm 57 140

Mandrel speed in rolling 40

process, Vwork /mm 57

Roller rotational speed, Nroner/r min?  Max. 30

Roller torque, T/N m Max. 5000

WTR section angle, a/(9 60

Angle, BI(9 60

Roller width, Wyojier/mm 100

Distance between point O 1(')5 ;Z

and OWTR, e/mm 0 34
21.09 1#

Roller gap radius, r/mm 20.00 2#
20.00 3#
24.40 1#

Rolling radius, Rwtr /mm 22.00 2#
22.00 3#

Step 330
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Fig.10 Damage value of magnesium alloy tube under different reduction: (a) 20%, (b) 30%, and (c) 40%
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Table 4 Maximum damage value of magnesium alloy tube
and sheet under different reduction

Reduction/%  magnesium alloy tube magnesium alloy sheet

20 0.175 0.183
30 0.198 0.322
40 0.231 0.392
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Distance of the gap between
a roller and its adjacent 1
roller, s‘fmm
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Fig.8 Meshes of end surface of magnesium alloy tube in the

rolling direction without deformation
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Fig.9 Meshes of end surface of magnesium alloy tube in the

rolling direction under the deformation
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Fig.11 Effective stress and damage value of circumferential
distribution point in the deformation zone under dif-

ferent reduction: (a) 20%, (b) 30%, and (c) 40%

Tempecaturs (C)

a
ass
P 350'
< 342
pra O s g
ra 327 8

% 319

L- 311
&
296

Tomperuture iC) St o
b . Temporstrs €3

365. 372 C
354 y 358 I
p— 341 343
> = 4 . oy
397 8 y \ a8
{ " 4
304 ht [ v 4 300
"4 292 { - * ,,-‘/ 288
it I 271
267 .

256

EHANRES B R 5 NAFENENEES

K12 AFEETEREREZS
Fig.12 Temperature fields of magnesium alloy tube under dif-
ferent reduction: (a) 20%, (b) 30%, and (c) 40%
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Table 5 Temperature comparison between the roll top

and roll gap of the magnesium alloy tube under
different reduction

Reduction/ Roll top Roll gap Temperature
% zone/C zone/C difference/C
20 319 358 39
30 317 366 49
40 314 372 58
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Damage and Temperature Field of AZ31B Magnesium Alloy Tube
with Continual Mandrel Rolling Process

Gou Yujun', Shuang Yuanhua', Zhou Yan', Dai Jia, Liu Qiuzu?, Zhang Peiging®
(1. Heavy Machinery Engineering Research Center of the Ministry of Education,
Taiyuan University of Science and Technology, Taiyuan 030024, China)

(2. Taiyuan University of Technology, Taiyuan 030024, China)

(3. Shanxi Chuanggqi Industrial Co., Ltd, Taiyuan 030001, China)

Abstract: When the rolling temperature was 350 <C, the angular velocity of the roller was about 3.14 r/s and the wall thickness reduction
rate was 20%, 30% and 40%, the coupled thermo-mechanical numerical simulation of the AZ31B magnesium alloy tube with the size of 50
mm>7 mmx>1000 mm in continual mandrel rolling process was carried out. Then, the damage stress and the distribution of temperature
field of the simulation were investigated on the condition that the magnesium alloy tube was at the same rolling temperature but differ in
reduction rates. The results show that when the rolling temperature is same, the maximum damage value of the AZ31B magnesium alloy
tube and the heat generated by the plastic deformation are increased with the increase of the wall thickness reduction ratio, and the
maximum damage value occurs in the roller gap. Because of the large heat exchange between the roller and the tube, the temperature of
the roller gap is higher than that of the top of the roller, and the temperature difference is increased with the increase of the wall thickness
reduction ratio. Therefore, the damage of magnesium alloy tube in longitudinal rolling is smaller than that of the magnesium alloy sheet
under the same rolling condition.

Key words: magnesium alloy tube; continual mandrel rolling process; distribution of temperature field; damage
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