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Fig.1 Schematic illustration of ECAEE-SC process
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Fig. 2 Sequences of typical ECAEE-SC process: (a) Initial; (b)
Stage [; (c) Stage II; (d) Stage III; (e) Stage IV; (f) Total

deformation
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Fig. 3 Load—displacement curve of ECAEE-SC process in a

single pass
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Fig. 4 Counter plot of effective strain on central longitudinal

plane after ECAEE-SC process

B 4 7T DLE H, 5 R PR AR T2 38 S 1 3
P EBAEAE — MK HARX B ST AR T X, 2500 AR
AT 3.46~3.65 Z[A]l. HILF WL, ECAEE-SC T.ZRM
A RFR A W . BORESKES BT ERIE A2 5 M BT )
TEREUN, HEH G ML T — @R 190, &R0
AHEAG . TR S S N BN — AR AR %
Fefuh, FEAMRAIAAAEBOREESE, RIZLRHT R AT AE 45
ORI RS = A e A, PRI, B SR Rz S
RN AR B K

Ntk —5 e A A T AR PRI E ECAEE-SC it
FERATEAT R, S AR ZIAE ORI AS R S I A
TS0 HL 5 N ERER s (WL 5(a)), 201 1 #5715 RO 55
R A A Ak il 28 (LT 5(b)) . 20 #7185 AT 1, ECAEE-SC
TZEARIFMEELEMR, WH T RIS FR R 404E,
S RRIRG L BRI M. /KCP I A Ak ami ,
A EPR AN FEARTE X N RKAEE G, w2 MK
HEIE ST, FORE P 8 RN SR RS A AN K
M 5(b)it il AL B, 187K ECAEE-SC & fE A,
TR} P50 A0 5 T 5 1) S5 N AR ZE AL AE RS,
AR T S PR R 4T

Bl 6 Bl 1 8RS 45 e ok i O AR T S
5 BE 7 M) R AR A N AR A R L. BT BRI, RHE
ECAEE-SC ZJE )5, FRIELBEER I RIS, ik
GRS, SRR RN, T
EYNA R EIER 3.5 A, RS 1 IEIR ECAP 4%
T RRNAR B ) 3 A5 IX K B H 4 1 IR ECAEE-SC
RN, VRERI AT SRAGELLT I B AR AR AR AR R3S
SIBTEARTS, BYRBRM B K IERE & .



2284 T EA O8RS

2018411 A

@ e
5 mm
Pse P, o P
L ]
P,
3.5
(b)
30p T T,
£
=
j% 2.5+ — . .
o —— -1
= ——2.2
&8 20' +3_3
23) 1 23

—_
W
T
—

1.0

P, P, P, P, P;

5 ECAEE-SC AN AR TR IX SRR 1 1 55 3w A2
Fig. 5 Effective strain distribution on cross section of billet at
different deformation stages: (a) Schematic of point tracking; (b)

Variation curves of effective strain
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Simulation and experimental validations of novel process entitled
equal channel angular expansion extrusion with spherical cavity

WANG Xiao-xi', ZHANG Xiang™*, JIN Xu-chen', HUANG Chuan-hui', HE Min'

(1. School of Mechanical and Electrical Engineering, Xuzhou University of Technology, Xuzhou 221018, China;
2. School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China;
3. State Key Laboratory of Intelligent Manufacturing of Advanced Construction Machinery,

Xuzhou 221004, China)

Abstract: The concepts of “spherical split flow” and “expansion extrusion” were introduced to conventional ECAP and a
novel process entitled equal channel angular expansion extrusion with spherical cavity (ECAEE-SC) was proposed. The
plastic deformation behavior of commercially pure aluminum during ECAEE-SC process was investigated using finite
element simulation and experimental validations. The results show that ECAEE-SC process is capable of combining
some efficient severe plastic deformation (SPD) methods, the spherical die corner and expansion channel are the two
main deformation zones. In ECAEE-SC process, the material is in an ideal compressive state. After a single pass of
extrusion, the accumulated effective strain in the billet is about 3.5 with good deformation uniformity, demonstrating a
considerable increase in the extrusion efficiency. Moreover, the extrusion experiment is consistent with the finite element
simulation results. The extruded billet is free of macro crack with intact shape, and the microhardness increases from 36.6
HV to 70.2 HV. Therefore, the mechanical properties of the billet are greatly improved.

Key words: spherical split flow; equal channel angular expansion extrusion with spherical cavity; severe plastic

deformation; deformation behaviors; microhardness
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