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ABSTRACT

Much research efforts have been made on the structure and properties of metals deformed to severe plastic deformation
(SPD). Being deformed to SPD, ultra-fine grains (UFG) are usually formed, and UFG structure exhibits fundamental
differences in original physical properties. One method often used to obtain SPD is equal channel angular pressing (ECAP).
In order for this technique to be exploited, it is important to understand the deformation behavior during the ECAP
processing with respect to friction. The finite element method (FEM) has been used to investigate this issue.

Key Words : severe plastic deformation(54 & 44 ¥ d), ultra-fine grains(3 YA}), equal-channel angular pressing
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Fig. 1 A schematic diagram of ECAP.
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Fig. 2 Configration of die and specimen for ECAP
experiments.
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Fig. 3 Material property of pure-Zirconium.
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Fig. 4 Equivalent plastic strain distributions due to friction.
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Fig. 5 Von Mises stress distributions of die due to friction.

-411-

durr oz F Ado] Tty AR FHoM F
o] S¥o] AFTE ¢ & Ut 23 Y Fig 5(d)
oA B niol o] uwiF ALrt AR ol4d
(£ =2olA ukZd ALrt 03 9) Aeole F A
do] vkt waigt ofuE} AlHe] ARdx 2
Von Mises ¥-8 2t&sicle A& € 5 Qo

3, &

o]l dFolA vhEE ECAPEFH AW
ol oz AFY WY AT zolE WA
I Y= 4L 7 AE ¢ F YAt
NNEAE Wgog WAste MY AF Aole
Aget F99 vt wEo] FF5 Y (back
press)o] LABEI o] kol ofstd A|PH]
o] Walgozi dour dgon wudr =,
o]9} Z& AL Fig 614 R wiol go] F A
go] Aste TFFolA Fojrt dAgTE RE
4 & Atk Fupze] A xR Fo] sHA =
Y w7l FdE AL FAGFA R vhEo] E
Azt Ao s zulo EASE Fol Y
o] AP WA Hi FoJEr) oA ¢IJR &
Azt Bol FoJEW AgEHAAM HHdE gy
T ZolEI o9 g WFR FhE HUIPE F
719} g alez Fggictn Ao

Fig. 7& vt& A$7} 00, 0.1, 02, 03 % B$9
4 Aol APolM B4 7HFH(Fig. 79 )2
& BoFa gk

Fig. 7 oA B npeh o] wigo] Frld+E
7}3Eol Frtsts E wvhgo] EAF Afole W
go] AYLFE 7F ol FIgeE ¥ 4 Uk
ol WL EUAY WAV FUg we &

A A

w8t g u,
OSSN
OO
S e i etede
et entelete

S
RO

At 23mm

SIS
SIS
% SOSSSSSEEE
QRAIEICSKRL
Q‘Q S 00‘0’0 5
At 7mm At 23mm
pu= 0.2(total displacement=30mm)
Fig. 6 Deformation behaviors at intersection area due to

friction.
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Fig. 7 Load-displacement relationships due to friction.(The
load-displacements, a, b, ¢, d, are obtained by FEM,

while load-displacement, e, is obtained by
experiments.)
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