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Split Die Design for ECAP with Lower Loads
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Abstract

Equal channel angular pressing (ECAP) is one of the effective methods to produce bulk-nano materials by
accumulating plastic strain into the workpiece without changing its cross-sectional shape in the multi-pass
processing. However, the forming load becomes higher for manufacturing large specimens using conventional
solid or split dies because of friction, flash formation, and usage of dummy specimen. In the present
investigation, better split die was designed to reduce the forming loads and improve the geometrical accuracy
of the specimen in the multi-pass ECAP. The new die exit channel was also designed to reduce the friction
effect. Experiments with AA1050 specimens with a square cross-section were carried out to examine the
design goal using the proposed split dies for routes A and C up to four passes. The numerical forming
simulations were used to determine the effective geometry of various die models in the present work.
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Fig. 1 Procedures of the multi-pass ECAP using
conventional dies
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Fig. 2 Schematic diagram of processing routes A and C
in the multi-pass ECAP
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Fig. 3 (a) Schematic diagram of conventional dies, and
(b) experimental set-up
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Fig. 4 (a) Load stroke curves, and (b) generated flash
obtained from experiments using conventional dies
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Fig. 5 Deformed specimens obtained from experiments
using conventional dies
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Fig. 7 FEA for the geometry effect of the exit channel
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Fig. 8 (a) Generated flash, and (b) distributions of
material flow velocity
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Conventional die: specimen 1
Ceonventional die: specimen 2 (Dummy)
Proposed die: specimen 3

Proposed die: specimen 4 (Dummy)
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Fig. 9 Load stroke curves obtained from experiments
using proposed split die
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Fig. 10 Load stroke curves up to 4 passes obtained from
experiments using proposed split die

A
frddte 84, F E7duE Y
AAE ] M7t 5 mmE B o
I AT

o

o

N
L o[V off
ol

ol T

o

¢

ol 32

o 32

o &

o

5
o iy

ofrt
oft
fu
o 1N
2
N
N

32 e
7E ol &
ol
o

2l
lo

09& 0_9‘1:

o o
N
o
>,
N

u
b
-z
i
N
Y
o
2
2 8ol g
4 o
O%
g RS
Ach
o
]

o2 ofl 32
ot go L

okl Mz
)
>
£ ¥ ot
oﬂﬁig

2 2 o 1o
1o,
%

o]

=

32

4y Lo 8 b ot
2 1
ot 1o
r

%2
oo
tlo
o
©,

O =
(o =2
P,L
ofy
. 10 d

g

o W
|

ox 2 O Q Mg
I
N

T oo

)

ok

o

lo Lol
M



22 A7 . BT .

Fig. 11 Deformed specimens obtained from experiments
using proposed split die
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