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A Numerical Investigation of the Effect of Die
Friction in ECAP (Equal Channel Angular Pressing)

M. H. Seo and H. S. Kim

Abstract
Equal channe] angular pressing (ECAP) is a convenient forming process to extrude material without
substantial changes in the sample geometry and this deformation process gives rise to produce
ultrafine grained materials. The properties of the materials are strongly dependent on the plastic
deformation behaviour during ECAP. The major process variables during ECAP are 1) die
geometries, such as a channel angle and coner angles, and 2) the processes variables, such as
lubrication and deformation speed. In this study, the plastic deformation behaviour of materials during
the ECAP has heen theoretically analysed by the finite element method (FEM). The effect of the die
friction on the plastic deformation behaviour during the pressing is discussed by means of FEM

calculations.

Key Words : Equal Channel Angular Pressing, Friction Effect, Inhomogeneous Deformation, Finite
Element Analysis, Ultrafine Grained Materials
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Fig. 2 Finite element mesh system for the plastic
deformation analysis

2400 ——m=01s

----m=00

0¥ T r r T r T
40 60 80 100 120 140

Displacement (mm)

Fig. 3 Calculated Pressing load versus ram
displacement during ECAP

LE=

4. 27t

na

Fig 32 ECAP 34 ol 9 olseje Had s5
o AxtAstolrt. vho] gl m=0¢1 -5t vhad<r

IS ad7E8sHER/A4199 A33, 20008/ 221

o



mF0159 Aol EIAL WIPYS B AolB B
oA g vhael Sig sEe] Frhuel Uehdnk oF
243 Besiel BCAP 34 % 429 W8g 59
SAoz 49 & 5 Uk oleid WY 3 a0l 44
EE el F7he Rie] wAsE 3oy Fue

3= 9] ECAP @vgﬂ%ﬂﬁg

>,

)
xR

BN

o
Rl
o,
>

i R

2 R ool o

Fig. 49] (c)~@@d)l 1%
TE T to] 3
atgo] &3l 57}?1”4. /‘]ﬁdol
8 HE5g Fo= o}v%
497 (Fig. 49 @)~
o] X=X aFo] i%"“ 1:}

©
e

re
&

U ofy
rir r-{u:

o

2 e B
i

ok

A

¥
i
=

d
=
Y
©,

2

> o 0
>
1o

rﬂrLuHur.&riLm}iro{Nomﬂzlo

)
o

3} | mEolu 2“74101] A et
AR 27 52 94U Aloe) & BFUAA <
Zo] g nzt uxé F7rH "k E & 2
o] ofg A} AJH Apole M Fo] AT (Fig. 49
(D)(E) #x). »pA= 582 (Fig. 49 (E)~)e= AHe]

S¥Rol WYFAS s BoBA ol FAT L
she wololth % FHel A% BCAP 34 249 u
o tore FHE vue F gdov Ase 2 9Fe
A @At A2 g 5 o A9 oA B
B ope 2ol 3 Ao oaEt)

Fig. 43 oH4%7} 09) 245k 01591 259 ¥ 8
atolth. Wl gyl Fo asue B An Fop
29 Aol AlHel B2 (Bl o UelA] He
gol gl FAW WU dege ¢ & Aok B
3 ERLEAE o8 e 4PN E o)g} 2o

Ol

222 | s=AMII8EE X /498 #3385, 2000d

= (a) é (®) (c)
- } ] ]
L (o) ] (o) @
(A) m=0.0
é (a) é (b) (c)
.
] ] ]
(d) l (e) (7)

(B) m=0.15

Fig. 4 Deformed geometry changes during ECAP

E#—i— xﬂ"&%
w A Az

»
£
R HE
mT e o
ok ™ [ oZ o
2R E oo oo



:rL

il

1

A4

X
Aol A 2l

2
T

1
o

ks

e o
It} Fig. 5

PA

1

Q

Z

=4

Aol A tho] o}

(<)

12 Tl

B

A7t Az o
RGE

L
s

274943 (ECAP)
[e)

]

Pk

=]
o] LA

& A}

2

d

A

A

ol A

7] =

X2 L I

%%%i%%%ﬂﬂﬂ 4%%
- .:\‘olﬂﬂoog _ETWM. J:H ‘Mr. _Hx_ ° 8 NNO83S
= A 2 o) Fonlow . SreNNMO®T Sogcac88a
PELTLFLE e wmD .BEBSRIELE J2EEZEEEES
} - [T ST IR I S i T - COTOOQOQ™v v
Mwﬁ thﬁﬂoaTia_.ﬂiﬁh MTOEQW SSoSdcdne WU B OuGnE N
= T o= oo T W B KN <mUOWWLOT
2T T o Mo_,.,ﬁ& S - <DOOWLOT _ -7
B rod or o o g
I T - gi S £i
T E X T T do B o] O = o B i : =R
CE I pELR Ty Y Xn e =) s
1__/lz_|HT MVwﬁLMﬂoﬂoﬁ EH._M <0 8
W ol :iwulowyAl,__w.‘_Jx.Nﬂ ﬂavln.u I
a A e o L &
CRERTERILR SR ﬁ
A L g ™ < #
do r — = o7 Ay
L o o il
%E_L‘ﬂ%wﬂa%k_o%? g ~
o oof A Mm e T o I~y
Wl T s LY
Ty Eris EE Sl i
RS R SR - Ty !
o e P wApw S
A . o
TR ETRETET N DR
I rdpPo B & o
TR oo Wmﬂﬂoﬂuéu
Amte TeEZEe =
& o % u o B NN woo N woo
YT E RS T L8388Sgs3ngy U59g238838
@ 1o mﬂo S H73840M%Mn:3._—% Py whneIsoJ@RaR
5 b Eewee] -8 AR A == g
oLy EK ngMﬂJIUrm:i SoThag Wb WMo n
Yo
< O

0 0.9826E02

0.15

a -3.7999E02

a
A <COmOoWLOT

™
o p— i) of
esgm MW ET
m-ﬂ_/ﬂ__ﬂ%ﬂio ﬂ_,.ﬂu‘.rm#ﬂw,voMo

(A)m=0.0

droop 9 oo A —
R A - S
TEpdmd 33D o ¥
TEINEY S
_ = % e %0 g
Mguﬂmﬁmr%awmA%
1 B
FETaEmIT I
TV g o
om0l O 3o
4%%@%%%&41
[ 3
T TR P T T e e

2000/ 223

=,

B X/A9A A3

18

=

ol

=AM

Fig. 6 Distribution of effective strain in the specimen
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Fig. 5 Distribution of mean stress during ECAP
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