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Fig.1 Slip line theory analysis of the deformation mechanism

pattern during ECAE process
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Table 1 Parameters for the simulation of the square-section

channel extrusion process

Material Friction

AZ31 250 56 0.2

Temperature/’C  Time increment/s

Optimal die geometrical
parameters and process parameters

| Optimal processing routes |

¥

‘| Experimental investigations |
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Fig.2 Flow chart for parametric analysis algorithm of ECAE

process
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Fig.3 Effective strain contours of the workpiece simulated with

ECAE processing
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Fig.4 Effective strain distribution across the workpiece width for route A at ®=90°: (a) 1 pass, (b) 2 pass, (c¢) 3 pass, and (d) 4

pass
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Fig.5 Effective strain distribution across the workpiece width for

route A at @=90°

K 7 45 T 4k Be SRV AR 2k . WREUT
JLA B Tl 2 5 ) A R IR TR - 90° 1B IR % s, Y
AT 53 A B B Bt K 7 180 20 BT o % s R 78 T A% T
Ma¥y sy, R 4 Gk F) 3600, FERIMIMAALE R, Hob
BRI AR TG /3 A de 350 o Al 0L, BF IR 7 A8 L 7R s
R TECE 7 0 B IR AR TE 43 AT s iR K. BRI,
T BRI 3% e 8 2, RN e K AT B vk b SIE 50 1R IR
e, ARAFREB IR T A0 AT o0 35 B IR AR

Kl 8 45t T 64k C SN A /A i 4k T alAE
A LA B Lo il £ 7 1) A0 UL BN 180°28 I H5 I
FJEARE AR TE b A B I (9 5 35 N AR A3 AR R 350 o A
FREEB M4 90°M) ECAE A8/, —fitHr s 4 kBT
IR TEAR, Rk, WLk Be LR C 4 IREFIE



* 1610 -

Wit e mA RS TR

%847 %

Effective Strain

0o 2 4 6 8 10
Distance/mm

K6 Bezk Ba BB s I R S5 00N 48 3 A1
Fig.6 Effective strain distribution across the workpiece width for

route Ba at ®=90°
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Fig.7 Effective strain distribution in the cross-section of

workpiece for route Bc at @=90°
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Fig.8 Effective strain distribution across the workpiece width for

route C at @=90°
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Fig.9 Effective strain distribution of route A, Ba, Bc and C for 4

passes at @=90°
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Fig.10 Optical images of ECAE pressed samples: (a) as-annealed unprocessed sample, (b) the head of deformation zone, (c) the main

deformation zone, and (d) the tail deformation zone
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Fig.11 TEM images for AZ31 Alloys after 4 passes ECAE process: (a) route A, (b) route Ba, (c) route Bc, and (d) route C
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Effect of Severe Plastic Deformation on the Microstructure Evolution of AZ31
Magnesium Alloys

Xu Shubo'?, Zhang Xiaodong', Jing Cainian', Lin Xiaojuan', Liu Peng'
(1. Shandong Jianzhu University, Jinan 250101, China)
(2. State Key Laboratory of Material Processing and Die & Mould Technology, Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract: Equal channel angular extrusion (ECAE) process has the capability to produce bulk nonstructural materials without loose holes.
Using commercial metal forming finite element code, ECAE process was analyzed numerically in the present research. It combined the
node reflection method and three-dimensional model switching to realize multi-extrusion process of Routes A, Ba, Bc and C by the finite
element method. The distribution of accumulated effective strain and the influence rules of deformation uniformity in round billets were
obtained, and the grain refining mechanism of equal channel angular multi-extrusion for different processing routes was given. The results
show that changing the extrusion route can alter the microstructure of the workpiece, which can be gradually refined in each route with the
number of extrusion increasing. It is found that route Bc and C can get larger angle grain boundaries and more uniform equiaxed grain
distribution than other routes. In addition, the microstructure evolutions of different multi-pass ECAE processing routes are consistent
with FE analyses.

Key words: equal channel angular extrusion; finite element numerical analysis; reflection method; ultra-fined grain; processing routes
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