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A study on the optimization of ECAP by processing parameter analysis
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Abstract

Parameter analysis has been performed for an equal channel angular process. The processing variables such as
channel configuration, friction coefficient, and ram speed were investigated by means of the magnitudes and
distributions of effective plastic strain analysis through the deformation. The materials considered were pure aluminum
and titanium. Here firstly, a finite element implementation by using the commercial ABAQUS software was carried out
for both the aluminum and titanium materials based on the L-channel configuration. The experimental investigation
then has been conducted using the obtained data. Finally, the ability of robust metals which can be produced by the
optimized ECAP has been discussed by the appropriate parameter analysis.
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Fig 1. Schematic diagram showing ECAP process.
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Fig 2. Finite element model for ECAP process.
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Table 1 Processing variables for ECAP Analysis
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(Avg: T5%)
+1.786e+00
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+1.212e+00
+1.021e+00
+8.298e-01
+6.385e-01
+4.473e-01
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+6.487e-02
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(Avg: T5%)
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+1.113e+00
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+6.958e-01
+5.566e-01
+4.175e-01
+2.783e-01
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+9.409e-23

(b)
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+5.584e-01
+4.467e-01
+3.350e-01
+2.234e-01
+1.117e-01
+2.807e-24
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(Avg: 75%)
+1.248e+00
+1.109e+00
+9.706e-01
+8.320e-01
+6.933e-01
+5.547e-01
+4,161e¢-01
+2.774e-01
+1.388e-01
+1.863e-04

(d)

Fig 3. Predicted equivalent plastic strains of titanium
with various die angles; (a) ®=90°, ¥=0" (b) ©=90°,
Y=60°, (¢c) ®=120°, ¥=0° and (d) ®=120°", ¥=60".
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(d)

Fig 4. Predicted equivalent plastic strains of aluminum
with various die angles; (a) ®=90°, ¥Y=0° (b) ®=90°,
¥=60°, (c) ®=120°, ¥=0° and (d) ®=120°, ¥=60°.
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Fig 5. Pressure changes against simulation time of
titanium with various friction coefficients.
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Fig 6. Pressure changes against simulation time of
aluminum with various friction coefficients.
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Fig 7. Predicted billet configurations of titanium with
various friction coefficients; (a) u=0.0015, (b) u=0.1 and
(c) u=0.15.
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(c)
Fig 8. Predicted billet configurations of aluminum with
various friction coefficients; (a) u=0.0015, (b) u=0.1 and
(c) u=0.15.
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Fig 9. Predicted (a) equivalent plastic strains against
node position and (b) pressures against simulation time
of titanium billet under various ram speeds.
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Table 2 Chemical composition of titanium (wt. %)

Ti C Fe H N o

99.2 | Max.0.1 Max.0.3 Max.0.015 Max.0.03 Max.0.25

Table 3 Chemical composition of aluminum (wt. %)

Al Si Fe Ti Vv Cu Mn Others

99.56 | 0.07 | 0.34 | 0.001 | 0.008 | 0.001 [ 0.004 0.002

Table 4 Conditions of experiments for ECAP process

. [0 4 V. T
Variable . s ram .
() (") (mm/s) (C)
Titanium 90 0 2 450
Aluminum 90 0 5 400

Table 5 Geometrical evaluation of deformed shapes
(units in mm)

Material Titanium Aluminum
H 0 h / 1% h /
0.0015 82° 109 |27 |80°| 07|43
Predicted 0.1 84° | 1.6 | 0 | 84° 09| 0

0.15 8° 1.7 0 | 8° |20 0

N4

0 0.2 0.4 0.6 0.8 1 12
Simulation Time[sec]
(b)
Fig 10. Predicted (a) equivalent plastic strains against
node position and (b) pressures against simulation time
of titanium billet under various temperatures.

Un-deformed Zone

’.-"Stable Deformation Zone

(a)

(c)
Fig 11. Configurations of the billet; (a) definition of
geometric factors, (b) titanium and (c¢) aluminum

samples.
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