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ABSTRACT

Much research efforts have been made on the equal-channel angular pressing(ECAP) that produces ultra-fine grain

size materials. Recently many materials have been tested for ECAP process, and in this paper pure-Zirconium is

considered due to its applicability to nuclear reactors. Among many process parameters of ECAP, frictional effects on

the deformation behavior of materials and on the stress distribution of die have been investigated. The finite element

method has been employed in order to investigate this issue, and experiments have also been made to verify the

numerical results.

Key Words : Equal-channel angular pressing (ECAP)(5 5 &2} % %), Finite element method(#- 3 8.4

Zr (&5 A E23 %), Friction(7}2h).
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Fig. 1 A schematic diagram of ECAP.
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Fig. 2 FE model of ECAP with deformable die.
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Fig. 3 Material property of pure-Zr.
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Fig. 4 Equivalent plastic strain distributions due to friction.
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(c)u=02
Fig. 6 Von Mises stress distributions of die due to friction.
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Fig. 8 Configuration of die and specimen for ECAP
experiments.
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Fig. 9 Shear pattern of a pure-Zr specimen.

w3 AR FY9 up@AE Fol7] 3t Y=t
0.25 pm<l ALO; T2 A#H3 FHY HE& o
v}l 3, ECAP7HE Aol AH3 339 Addd
MoS, spray & ZAE =¥ HF 202 &
AAE 9L 9 A" ZAF FY3H 20 tonw
o] AgREFANGIZ ARG Lol
ECAPEZA g AFolA 1 3] ECAPFAH ¥ Al
Hel f& HIES SAH7] A AHd 2mm3t
AoZ ANELE 1L ¥ ECAPZIESIGT 1 w9
Al# o] A= Fig. 9 A B uket Zo] oF 60°
2 71golzoen, ofaZ@ )N < 0.8~ lmm &
9 gd9go] Ao F£HoR HOYE A& E
Atk Aol de AMe VL2 HEH A
A4 HYEL AMsE o 033 Fxzolw o] g
Feas A4 vasH Fig 5 oA ot
A7 02 Q1 Aol 2Absith a2y @R
#(Fig. 10©)""1} 384 4 Azse vu
al& A7t 0.1 %1 ECAP T4 2 &4l A

A
e
k3

o
=
N

=

N

£
R |

® .©

g 5 @ FEM(@=135" =45,4=0.0)
] \,' @—FEM(@=135°,9=45",y=0.1)
S 4 - © - -FEM(®=135",9=45",4=0.2)
E’ ) fc @ - - FEM(@=135", 945" 4=0.3)
§ N @ -- - - Experiment(@=135°,®=45")
a 2 L, b

s
5ot S o e
3 e e BV AR Y 'ﬁ‘—.A'h.V»"k}.',“‘e
T T T T =
15 20 25 30 35

=3

Dispacement(mm)

Fig. 10 Load-displacement relationships due to friction.
(The load-displacements, a, b, ¢, d, are obtained
by the FEM, while load-displacement, e, is
obtained by experiments.)



A7 - AFY - B4 - ABPE - A2 FRLTHIHA) A18W A6 s

doiz 7hEEe Z7)e}k HRlo] ECAPEA AFol AnEd

A Qoiz AFEe aRAFY wjg FAEITE RS ;
& £ At ole #FTeA AN FF A9 1. A8E, 20, 299, “FReaHe 9% @
AR A AHe] FHE 5T APRo RBZANA 7] mAazzAE 45 &
e MYPFE dofxe Aoz gdd ZAAFE3 A, A 15 A 7 3, pp. 129~138,

ulze]| & J1EEe] xolE AW HE W, Fig. 10 1998.
oA By mpe} o] vlEo] F EFE 7HEE o] 2. V.M. Segal, V.I. Rezenikov, A.E. Drobyshevskiy, V.I.

Zrhie. 2eln wfael EAE Al Wl
1985 Agel 4% ¥ £ k. o
& Wye B9 AN 3R @ 27E A
gol §A4RE gee] 3749 B opie) A
o MYBE WA FAA] WR ° 2 HEH
¢ ¥sz @

3.8

E =FdME ECAP A A3 F3as 3
Aol A wpEe] wWE AH WYAFIH FY
X g nEsgien, ofF HA 4932
Hin HES 479 ued 2 488
1. vhze] EA)slH AJH Zeo] Whgkoz o] W

7% Z71gel wet WP Eo] FIrg o)y

g @A ool F4E ZUlE whEhA

ECAP TR AAFoR FUd3 A8 ¥y

°
&

AsE 471 A8 A wp@FE 29 Foof
g,

2. w93 E7F GdEHe WA A
"3 FHAelo] A= EE Z-L_’\Vn‘ﬁli
AN EMYPES S7H7IE AoR wddEnh

3. mhEe] E4%F F¥Y J—l’—i}‘—r“’ﬂ Z}% e &
go] Zrhath w3 nhE ASTF ARA o)
d Afole F Ade] T wART ohy
g A A AR x Z $Ho| g3}

4 whEol FAYEE AFYe) EhsE WAL
Bel WSt Fohgel we 9FERG Fe
7% Age ¥4I A Age W
Y&l F7hel7] wWEelstn wuR

\

¢

% 7

2 =E8E 99 439 7z d7ARIe] AT
Ao o]FolR RowA, old BAA <E
Al ZAE Y

187

10.

11.

Kopylov, “Plastic Working of Metals by Simple
Shear,” Metally(Eng. Trans.
Vol. 1, pp. 99~105, 1981.

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

A3 4, M3, 99, “Equal-Channel Angular
Pressing 1A WP AT, gF&83)A,
A 378, A 93, pp. 1064~1068,1999.
ANE, ZPY, 9, “TTELASHECAP)
TR FTRAHA TSR FFIA,
A 38 A Al 13, pp. 136~140, 2000.

P.B. Prangnell, C. Harris and S.M. Roberts, “Finite
Element Modelling of Equal Channel Angular
Vol. 37, No. 7, pp.

: Russian Metallurgy)

Extrusion,” Scripta Mater.,
983~989, 1997.

JR. Bowen, A. Gholinia, S.M. Roberts, P.B.
“Analysis of the Billet Deformation
Behavior in Equal Channel Angular Extrusion,”
Mater. Sci. & Eng., Vol(A)287, pp. 87~99, 2000.
MRE, AP, “SEEZLUFECAP) FFAA
tho] vhz &abe] e FXH HAH) dxih
AAFEER], A 9 B, A 3 &, pp. 219~225,
2000.

A7g, Ay, A , AW 3, 3HZ, “Pure-
Zirconium 2] ECAP TR AA 39 wxzt3
HEzte] mE AR AIAFTHAH,) AP
Asts FA ?-}Etﬁili A, pp. 747~753, 2000.
WA, AN, Aed, B9, 28E, 34
=, “Pure-Zr ] ECAP —E—Zé oA mpEe] g A
T A EEFEs FAG=dHIA=E4, pp.
409~412, 2000.

FA2 9, “AFE 22" A
g% zng 49
ax o 929 71z

Prangnell,

%al

T3 71ed
HAZHNY AT FF
AFA B a1A, 2000.



