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Effects of the equal channel angular pressing (ECAP) on the fracture and
fatigue parameters of Al-6063 alloy
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ARTICLE INFORMATION ABSTRACT

In this paper, effects of severe plastic deformation (SPD) on the fatigue crack growth, mechanical
properties, texture, roughness and fracture toughness of Al-6063 were studied. The Al-6063 alloy was
deformed by ECAP process. The average grain size refined to less than 100nm. The textural study
conducted before and after ECAP process. The fatigue crack growth tests were performed for different
load range at same load ratio. The yield and ultimate stresses increased about 230% and 79% after
ECAP process, respectively. The elongation reduced from 16.6% to 7% after four passes of ECAP
process. The fatigue crack growth rate increased after first pass of ECAP process. The Paris equation
parameters changed before and after ECAP but there is no significant change for different load ranges.
The fracture toughness decreased after first pass of ECAP process. The atomic force microscopy (AFM)
were used for measuring roughness. The scanning electron microscope (SEM) pictures were made for
fracture surface study. The ductile and fissured fracture with large dimples were seen before ECAP
process. The fracture surface with refined dimples observed after ECAP process.
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Fig. 1 Fundamental processing routes used in ECAP [7]
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Table 1 Chemical composition (wt. %) of Al-6063 alloy

Al Si Fe Cu Mg Mn
Base 0.44 0.93 3.50 1.02 0.59
Cr Co Pb Ti Zn Ni
0.03 0.005 0.1 0.04 0.38 0.005

Fig. 2 (a) Schematic view of die parts (b) cross section of assembled
die (c) Cone shape parts of the die
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Fig. 3 Stress strain curves for Al 6063 before and after the ECAP
process
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Fig. 6 Atomic Force Microscopy image (a) as-receied (b) after five

passes of ECAP process
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Fig. 7 material surface 3D image (Atomic Force Microscopy) (a) as-
received (b) after five passes of ECAP process

la:L"> oole (@) Lf“l Gy 9wy, e Ja..u53 oole c]aaa G M).leaJ 7 JS.Q
ECAP a8 Wb 5 51 o (D)

After fifth pass
T T Max: 10.62

50um /
T

As-recieved

Fig. 8 Pole figures for as-received and after ECAP process samples
ECAPAL] 3 5l s g ol oole sladiges (gly (ol Slan 8 JSCi

12 o plads 17 0,93 1396 siausl o r30 il as igee

111
300
250
Ezoo-
= (200
@ 150
g8
e C
100 -
L B11)
s0b 220
it
(] e N R R R R
30 40 50 60 70 80
zg(degrees)

Fig. 5 Intensity (a.u.) for different 26 degrees for sample after five
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