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ABSTRACT

Equal Channel Angular Pressing (ECAP) is one of the severe plastic deformation processes in which an ultra large
plastic strain is imposed on the material to get ultrafine grain structure. In this research a die having angular
channel was designed. The channel angle and outer curvature angle were kept as 90° and 15° respectively. In order
to investigate the effect of the grain refinement during ECAP on mechanical properties of Al 6061 alloy, the
specimens was pressed by specific route. ECAP causes an impressive grain refinement and strengthening of
material. Microstructural observation was undertaken using microscopy. In this research improvement in the
mechanical properties of aluminum alloy 6061 after passing through ECAP was studied. Also change in
microstructure was studied. We evaluated the mechanical properties such as tensile strength, ductility, and
hardness. Effect of process parameters such as route and temperature on the microstructure and mechanical
properties was studied.
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1. INTRODUCTION

Aluminum alloy 6061 is one of the most widely used material. It is used in aerospace industries, construction
industries, automobile industries (Chassis of Audi A8), military application etc. As reduced in weight in automobile
results in greater fuel efficiency, so there is increase in the use of aluminum in automobile. It is important to
improve mechanical properties of aluminum alloy 6061 to increase its use.

Severe plastic deformation (SPD) process is one of the best process to improve mechanical properties of material
The most common process of SPD is equal channel angular pressing (ECAP), which involves pressing a billet
through a die consisting of angular channel having an angle typically 90°. The process of ECAP allows us to
introduce very large plastic deformation to a work piece without altering the overall geometry of the work piece.
This result in a ultrafine grain structure of workpiece [1]. According to Hall Petch equation the yield strength of
material vary inversely with its grain size so using ECAP yield strength of material can be increased.

Hall Petch equation is,
o, = oo+ k/Nd
Where,
oy = Yield Stress
o, = Material constant for starting stress for dislocation movement

k = Strenthening constant
d = Average grain diameter
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1.1 Objective

1] To design the ECAP die for Al-6061 alloy.

2] To carry out ECAP process on Al-6061 alloy

3] To study microstructural changes in Al-6061 after processing through ECAP at different temperature.
4] To study the changes in the mechanical properties of Al-606 alloy

1.2 Four fundamental routes of ECAP

ROUTE ‘A’ - Sample is pressed repetitively without any rotation.

ROUTE ‘B (A)’ - Sample is rotated by 90° in alternate direction between consecutive passes.
ROUTE ‘B(C) ¢ - Sample is rotated in same sense by 90° between each passes.

ROUTE ‘C’ - Sample is rotated by180° between passes.

2. EXPERIMENTAL PROCEDURE

2.1 Material

Aluminum alloy was investigated in this study, Al 6061, which is an AI-Mg-Si alloy. The Al 6061 specimens were
obtained from 10*10 mm square bar stock. The specimens were machined such that the specimen axis was parallel
to the extrusion direction of the rod. For die and plunger steel C45 is selected as it has sufficient hardness to avoid
crack at corner and for machining.

2.2 Design of ECAP die
In the design of ECAP die the parameter such as channel angle, angle of arc of curvature are selected such that the

process is optimum. For optimum process channel angle and angle of arc of curvature is selected as 90° and 15°

respectively [3].
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Fig 1 Design of ECAP die.
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2.3 Equal channel angular pressing procedure

Billet of 10*10mm square shape and 85mm length was heated in furnace up to 200°C and placed into die. The die
temperature was maintained using rod type heater. The temperature of specimen is recorded using infrared
temperature sensor. Then the sample was pressed using UTM of capacity 100 metric tons. The 110KN plunger
forced required to extrude the sample. The MoS; is applied on specimen surface as lubricant. The sample is pressed
by route B(c).
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Fig 2 Experimental setup

3. RESULT AND DISCUSSION

Microstructure
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The microstructure of specimen before and after ECAP process for single pass is shown in figure 3. As shown in fig
ultra-

fine structure was obtained. The microstructure was observed under electro spectrum microscopy.
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Fig 3 Microstructure of initial specimen (a) and specimen after single pass through ECAP

4. CONCLUSIONS

In this research microstructure of aluminum alloy 6061 subjected to ECAP process at 120°C was investigated and
compared to the sample with no ECAP. The ultra-fine microstructure of aluminum alloy 6061 was obtained. The
mechanical properties can be related to the microstructure by using Hall Petch equation. So it can be seen that by
obtaining ultra-fine grain structure mechanical properties of aluminum alloy 6061 was improved. The strain
distribution depends on process route and number of pass. To use this process for mass production the process time
should be reduced.
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