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Deformation Behavior Analysis of pure-Zr during
Equal Channel Multi-Angular Pressing
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Abstract

Equal channel angular pressing (ECAP) has been employed to produce materials with ultra-fine grains that have
high strength and high corrosion resistance properties. In order to obtain super plastic deformation during ECAP, multi-
pass angular pressing is frequently employed. In this paper, three-dimensional finite element analyses have been
performed to investigate the deformation behavior of pure-Zr specimen and the effects of process parameters for equal
channel multi-angular pressing (ECMAP) process. The results have been compared with some experimental results

Mo

7|

fol

= o
® : 12}Zf(channel angle)
¥ : Tk2FZh(corner angle)
1. M &
o]l =

2 )X (grain size)7} 1 m ©]3F] ¢!
o] 1o 317X (high strength), =
23 (super plastic  deformation), 3LU]4]Ad (high
corrosion resistance) &2 #> =% HE+ 7| A4
o2 w9 ek S 7H 25 S(super metal)

oz %A Atk olb @ zFEo t wAlo|
AAAA R Z7HIL Qe FAlolr o F Az
7] 98] ofe] WHEo] AT Fel vk

1 F, Segal? Foll o3 At TEEAUGS
T A, me st /) A2 s

E-mail : swchae@korea.ac.kr
TEL : (02)3290-3367 FAX :(02)926-9441

a et ek 7] A& ekt
sk

skeoksk

531

o

s

o Oﬁ [
2 o

O I

(ECAP, Equal Channel Angular Pressing)
o agugde @ ggons e

—

c
> o ol
T

oy

2
e ™ 2L jo =4l
o T2 My L o>

MR
o ot
N

e
ofl

=4 A=

RARCAEY

2

oy
~

& RS (ECAP) T A
g% o EHNTS 5
W $% E(plane strain)
ARe) WAAE W WNPE So
ANehe] sk} olm e A AelA
S Qe AW Ame] Sus Fue] 3w
(side friction)ol €]
9 SEaideE 24
AP AF st

M offt
o ox 1 rf o oo

o (1w ndt o My o rlo

d

A



2003

o
fato)

5527 E(ECAP) T4 9] o]
HE A 9w
e Ho 1;} e}

oz
ofy
oxl H 2 P 2 ot ofo 24 Ok

— ot T
X

AN
T,

O]ﬂ ¢
offt
H-U o
N2
2
H

bl et of

OHﬂ OH
.

o o o

o
e
& g & oo g O

2
%

‘:Fl N
O,

4
X
’

N
nl
.

ogOH

L
OK'_LL;_/_‘_J
£ = ol
4>
Wi

o

L

o

my)

ol

offt

fu

N
okl 0

Equal Channel Multi-Angular Pressing)
olg}ar g},

CHHECAPE A ek 7]EATVeN A= ALE
| Ame dakege] ] dell ojaE Aol A
ZhEo] F ggo] sl JPHuw HAAETt o
gl marh FAEHO dEds ZAVE A
webd 2 ATl M= dak 3ol dRES o)t
sAo] WYHES sto] ol ZAE sHdsta
2} 3kl ol & 918 ECAPEA S WHEAo® A
&= tddsT2AUE(ECMAP)E A tE 3

1
T

A9 FE LA o] gate] Az 24T
o2 AHEHE £4 A2FE(pure-Zr)e] WHAE

SAS Ay dddde v HEe Bz

sk,

b
Ofm

oln
iz

e

to

o &
ErE

ofrt
ol
it
=

ool
ol

Lo
N

S o

e

o —

o

o

ox
(o]

XL

o L —

Bl 1

.
L oy
Lo
oflt

==

a1t
oft
rlo

~
S

104
ox
o
Bl ofh
2

N

h

o
j=1
=
@
~
2

N

N
g

o o M L

w4 bt

Die

Ram——

Specimen

Fig. 1 A schematic diagram of ECAP
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(a) Rigid die for route A (b) Specimen
Fig. 2 FE model of ECMAP for route A

(a) Rigid die for route C

(b) Specimen
Fig. 3 FE model of ECMAP for route C
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Fig. 4 3-dimensional CAD view of ECAP die

dxg st om wapzt H9
2 v e SKDI TS AME-

Al 8-dd FHA 8
AGE 4000(10x5%80) 7R o] t}.
oz AFE 0.1 & A8

=
MAztet A A3 vlus

ECMAP) & 4ol A 7
LA B

,_&J:

Fig. 7 WAFZH(®) 135°, RF=F

el v AWt 0.1 HS- U

Table | Material properties of pure-Zr
Young’s modulus (MPa) 7,714
. Initial
Yield Strength (MPa) 270 —
Ultimate Tensile Strength (MPa) 820 |
pure-Zr

True stress(Mpa)
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Fig. 5 True stress-strain diagram for pure-Zr
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Fig. 6 A Schematic diagram of two ECMAP routes



2003

Al
0.11~0.85 | t}.
HAsH oz IX =
A= A2 AdEglol
A, 12 Iwahashi 9
0453 9 @s Eeh

_":_

[e=~

it
o
bt
)

A3 (b)E contour %
= AE g s Adg
a2 eI 1§

o] oA %

A <

4 >R R
oL ¢ ofh >

o K

=

(a)Location of specimen

(b)Equivalent plastic strain
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(c)Three dimensional view of equivalent plastic strain

Fig. 7 Equivalent plastic strain after 1st pass
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(a)Location of specimen

(b)Equivalent plastic strain
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(c)Three dimensional view of equivalent plastic strain

Fig. 8 Equivalent plastic strain after 2nd pass for route C
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Fig. 9 Equivalent plastic strain after 2nd pass for route A Fig. 10 Pressing load and ram displacement relationship

535

Fig. 10 °J(b)= A~

1ol A o] akg A~
OE1

of 7helAl= sts& d=EE e o]

 vlwdk Aot} A HoR AR A Z o]

gAlell el #Hgsh= st = C ' o

Aol el 2§ she s T Aol e
A2 A 9 A% 9% e
A el BRI A

Pressing load(kN)

Pressing load(kN)

O——FEM
@ Experiment

0 10 20 30 40

Displacement(mm)

(a) st pass( u=0.1)

O—— 1st pass
@—— 2nd pass (route C)
®—— 2nd pass (route A)

0 10 20 30 40

Displacement(mm)

(b) 2nd pass for route A,C and 1st pass

Pressing load(kN)

O——FEM
@—— Experiment

Displacement(mm)

(¢)2nd pass for route A

—

o N 1S o ol o o



2003

o fr 2

ofs
o Mg

'

O ofy &

A

2 =

Fu) A
o} 2] 17

2001 U= A2 712 AFAge] o
o ool HomA, o WA
A=Yy

KeX
2
B

Rus

536

Ikl

P

Mo
o

(1) Segal. V.M., Rezenikov. V.I., Drobyshevskiy. A.E.,
Kopylov. VI, 1981, "Plastic Working of Metals by
Simple Shear," Metally(Eng. Trans. Russian
Metallurgy) Vol.1, pp. 99~105

(2) Iwahashi. Y., Wang. J., Horita. Z., Nemoto. M. and
Langdon. T.G.,, 1996, "Principle of Equal-Channel
Angular Pressing for the Processing of Ultra-Fine
Grained Metals," Scripta Mater.,, Vol.35, No.2,
pp.143~146

(3) Prangnell. P.B., Harris. C. and Roberts. S.M., 1997,
"Finite Element Modelling of Equal Channel Angular
Extrusion," Scripta Mater., Vol.37, No.7, pp. 983~989

(4) Bowen. J.R., Gholinia. A., Roberts. S.M., Prangnell.
P.B., 2000, "Analysis of the Billet Deformation
Behavior in Equal Channel Angular Extrusion,"
Mater. Sci. & Eng., Vol(A)287, pp. 87~99

(5) A71% A9, A9, AEE, FAd, 2001,
"9 A 2550 ECAP ¥ 58 MY
R Adzte]l Az WEATA A= "
g7 A s] =, Al 25 A, Al 11 &, pp.
1751~1758

(6) Kim, H.S., 2001, "Finite element analysis of equal
channel angular pressing using a round corner die,"
Mater. Sci. & Eng, A315, pp. 122~128

(7) Srinivasan. R., 2001, "Computer simulation of the
equichannel angular extrusion(ECAE) process,"
Scripta Mater., Vol.44, No.1, pp. 91~96

(8) AMWE, 184, 2001, "4 thet ECAP &4
o] F¥as s, e S5 AR 33 A, Al
394, Al 3%, pp. 360~366



	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장




