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HLS 2 ZFQLE (Half Channel Angular Extrusion)

Characteristics of Plastic Deformation of Commercially Pure Aluminum in Half Channel

Angular Extrusion (HCAE)
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A novel severe plastic deformation process named half channel angular extrusion (HCAE) is
proposed in order to produce bulk UFG materials. In HCAE process, equal channel angular
extrusion (ECAE) and conventional forward extrusion process is integrated to increase the strain
per pass and effectiveness of the SPD process. Three-dimensional finite element analysis was
carried out to study the deformation behavior of the materials in the HCAE process. HCAE
process was performed experimentally on commercially pure aluminum (AA1050) and micro-
Vickers hardness test was used to measure the distribution of hardness on the section of normal
to the extrusion direction. The results show that HCAE is able to impose more intensive strains
per pass and give rise to higher micro-hardness than ECAE.

Key Words: Half Channel Angular Extrusion (2+& Z2Zt2t %), Severe Plastic Deformation (444 7t3&), UFG Materials (£

alA 283 AX), Finite Element Analysis (

1. ME

AAREe A717F 1 vielAEm Y Rk 2
very 999 zuA ZA¥  (Ultrafine-grain,
UFGE 7He aAls 2= 9 49 &4, =2

3

HPA, we dubEd, 58 4474 54 5

FAW Jre 2 APYL HAE LA )
8 953 F4E FAA, A4 4P 2 9
2wy oheh, Bed FEYRoD NgHem
dog AH AL FAT £ 7] R A
§7 &Ae Agelets FAIS wEY ge AT
ool gtk xvA AFYE Azse

z
i)
o
fu

A 7y 7FE (Severe plastic deformation)

o o
f8te A5)4), Micro-Hardness (010 A2 A T)

>

fo ol
Kl O ox of r2 4

UE e of
iy o b
b
= vo X
2

2

ofo

o

L

of

S’,ﬂ

N

E=)

Mo

=2

o

of

ual channel angular extrusion, ECAE),'"?

(Accumulative Roll Bonding)'*'® &2

s dTEe stew, Hdl=
°]

o~

Eom

~ o
H g

N
B

N

K
32 o
o
N

I
lo

z 2 Ho o oY m
u:% N

o

of

U o:

N T

4

LN

B 0 2 oN rZ N O
B
o,
N
N
ofl

2



January 2013 / 121
olar, wAlel Z=Ael 3 A4

) wWol AL F9ol aAlel mATE 2 7]

nAZAYH s

=

120-127

IHUBSASIK A 0P 1
Az} o]l

t

[

S

. o°
iy 0
wm )

p=q

oy
2
=
<X
T
o T
il %0
o o
T
=
2z
w X

3
o -
g
Jymo
" =
=
T ol
Mo T
-
! <
25
T 5
i
o ™
dlo o1

N
iy
3 UF
_HorL B
o X
R
ol el
or m

ok T
-
oY o

= o

1A=

tol Aol 7}

S

2

o]

I Z7147]

3]

g ksl vl

N
oy
o
sdl

0

4

des 7,

s

e (@)= aa}

of

)

(Half channel

TR A9 AAH vAske] o

"% (AA1050)

o

L

\=

atA =

[e)

at7]

S

tol WmmlE e =7

o

S|
)

=

=

belo] Albat wlgol s

o]

o WA E
N ARRS PR & .

AL 8- 1039 TP BBk

kel A

T

=

Wt

=y
~
——
o
X
i

el

0

VA
Jo

WA PRE Y

gel 2

=
=

7 QAR el 5

ey

‘m.o

o)
Ho
_
N

-

=)

] Al 32

& 0]
LR =

A

2. YISE2ZI2rE (HCAE) 33

l

AKrt} 139

p
e

]_

S

s
|

=

o
dr

0
HH

1A 3 ek

=

=

?_

o]
H

9 12 9 =7
9] Zo]

1
1

A

A

(Rotary-die
7_]—
(Torsional-

o At A

=
H=

1ok
=

o

Z}

21

(Dual equal channel angular extrusion)'®

equal channel angular extrusion),'®!’
+% (Twist channel angular pressing),'’
(Vortex extrusion),” EA-TEZ
equal channel angular extrusion)

=
=

ZFo] A7E TIAA

a4 wgel 7t

o
et
0

4

A

Al 7hal A=

ol

s

F, Aol o

o]:s

o

3

]_

S

99 7]

j=]

.

o ARg¥

277} el

L

=1 K¢
TS

W 7h3e) 147 Ahslsoler & olth
3} ol

2] (Deformation mode)©ll T2}

ﬂy!

rvie)

Mo
Ny
oI

Ho
i

ozel

4



January 2013 / 122

H glomz 1 3
I A ECAE A4 Hl3l S7tdE 2 WS
Ao 7FeE 4 9l Aol A AA

el Fo A 2 WA K= dA
4 ¥ aAe v gae 4y

™o g

(a) Isometric view (b) Side view (c) Top view

Fig. 1 Schematic view of HCAE process

Fig. 2 Repetitive process in HCAE
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Fig. 7 Distribution of effective strain in material after
HCAE with ® =90°, ¥ =20°, a = 45°

Effective Strain

250
I 249
188
156
I 125

0938

0625
I 0313
0.000

L

Fig. 8 Distribution of effective strain in material after
HCAE with @ =120°, ¥ =20°, o = 45°
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