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Effects of deformation temperature on deformation behavior of
AZ31 magnesium alloy during equal channel angular pressing
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Abstract: A thermomechanical coupled finite element model was established and the temperature distribution of the
magnesium work-piece during equal channel angular pressing (ECAP) was analysed. The effect of deformation
temperature on deformation behavior of magnesium alloy was acquired by XRD analysis and microscopic examination.
The results show that the distribution of temperature is not uniform during equal channel angular pressing, there exists
obvious temperature gradient and the temperature increases significantly in the mold angle shear part. The XRD analysis
and microscopic examination show that the pyramidal face diffraction intensity enhances significantly, the
recrystallization rate of magnesium alloy increases obviously with the increase of deformation temperature. The optimal
deformation temperature of 250 °C is obtained according to the temperature distribution.

Key words: AZ31 magnesium; equal channel angular pressing; finite element simulation; deformation temperature

7 H i8R iR R AR, B e F e
Mg SR RPRE T RS B AR TR
1] 97 2 1A% T A LA A a2l 2 4 A0 5 Y il S5 20
Gk, BE 21 LS d R Rk TS B Sk D RER
B E AR R YRR SR iz, WV 2 2
PR ATRFFR I, R AL T L B

AR RITTE), ZIRmPaSBERUERE T
1A PEREI EE T B 20 4l 90 4EUH], VALIEV
AV A5 T #E 1 5 s B R (Equal channel angular
pressing, ECAP )R SEIUH & <6 Ja8 1l 5 <6 1R oREEE 4
1, HHATHTEEL ) ECAP dRL 4l AL B B A |- #0f2&
s AL AT Cu S5 )@ AEH AR AT MR N,

ESTE: H e KU 2 RGSHT B A -3 @ BIBA 5 B 5 H (IRT0931); 1l 448 F AR & ¢ W) 1 H (ZR2012EMMO14)

WS HER: 2012-10-08; &iTHHER: 2013-01-26

BIEEE: RERE, H#, Mt fif: 0531-88393238; E-mail: zhaogq@sdu.edu.cn



1790 A O EAR

2013 4R 7 H

K2 A 75 LS RO Stk 0 A B 5 o TR
S Ty KPR ES R IOAERE, Il RO T A R[] S
PR it A AT AR B e, PRl LA EY D)
B W T i e AR L R AL R, SU 20T
WF9E AZ31 BE45 421 ECAP ATl Rt 3 ah - de i,
B 1) SoRL A A AL T 3 2200 Bh A F 45 AL B )
ILFEAVER, TG 3l A R4S AL R DL AR TR I 7S
B DR RS AL S iR B R IR OC . R AR A S H Ay
A2 S <58 R 8N S L R SR A A AR, JE T
SO AR T J5 I AR RO AR 2], T LAF A ECAP
AR TG I R v I e A )R B AR T g 3 B B2 7R
b, PRI, BRI E B R v T A AR T AR
Th, SRIOERE AL S AR, 5 T8 I % s il
FERTE U &4 ECAP I T L2 HEAEEE . HT
T8 3L S5 TR AF A IR R I S 20 A1 29 IR, T
A PR IT 7 AT I 55T AT ORI A AR T 2 e v il
AR AN, Rk, A SR R BRIC A HT R
ff Deform-3D WFFEE G 4 T AR TE I R A iR BE AR
th, GG ARARTCRE T TR RO A UM SR X
SN RTINS 0 W 3 S AR TR BE R AR TEAT A ) 52
PSKE

1 AR BRTAHRE MY

1.1 AZ31 5 FBEFEERLEY

AT BT T B R g5 an & 1 s, R
il 900, BEEAME K 200, [AEIEEES SR AR
BEHAAN 12mm, KE 70 mm. 0TSSR R N9
PEECZE, ARSCYEFAEH LN ECAP i LA RLIf 3Lt T
BT e, AR T R b R IR e A
SIS R, TR AR TR RSB R 150~300 C .

Punch
/a/ Die
Channel angle @
Thermocouple
e - Work piece
Corner angle ¥
%— Heater

BEl1 AZ31 B4 ECAP In LELA MK
Fig. 1 Schematic diagram of ECAP die for AZ31 magnesium
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Table 1 Parameters of ECAP simulation process

Parameter Value
100, 150, 200,
Deformation temperature/ 'C
250, 300, 350
Temperature/ ‘C 20
Heat transfer coefficient of s
sample-air/(kW-m 2K 4
Heat transfer coefficient of
. 21— 1\[14 02
sample-air/(kW-m 2K 4
Heat transfer coefficient of
. 21— 1\[14 02
sample-air/(kW-m 2K 4
Friction coefficient of sample-die 0.2
Punch speed/(mm's ") 5
Punch stroke/mm 65
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Fig. 2 Temperature distribution of AZ31 magnesium during

different ECAP deformation stages at initial extrusion
temperature of 250 °C: (a) Initial; (b) Stable; (c) End
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Peak and minimum temperature rise of AZ31
magnesium at different stage first-pass ECAP processed for

different initial extrusion temperatures
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Fig. 4 Photographs of AZ31 magnesium after one-pass ECAP
processed at different initial extrusion temperatures: (a) ECAP

equipment; (b) Samples
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Fig. 5 XRD patterns of cross-section of AZ31 magnesium
after one-pass ECAP processed at different initial extrusion

temperatures
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Fig. 6 Optical microstructures in cross-section of AZ31 magnesium samples unprocessed and processed by one pass ECAP: (a)

As-annealed unprocessed sample; (b)—(d) Single-pass pressed by ECAP at different temperatures; (a) As-received; (b) 150 C; (¢)

250 °C; (d) 300 C
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