Aluminum Alloys, Vol. 2 979

PLASTIC INSTABILITIES IN Al-Cu, Al-Mg AND Al-Si ALLOYS
INVESTIGATED BY DYNAMIC ULTRA MICRO-HARDNESS TESTING

N. Q. Chinh, F. Csikor, G. Bérces and J. Lendvai

Department of General Physics, I:6tvos University, Budapest
H-1145 Budapest VIII. P.O.B. 323., Hungary

Abstract

Plastic instabilities in binary high purity Al-3.3wt%Mg, Al-1.1wt%Si and Al-(0-3wt%)Cu
alloys were investigated by using a Vickers hardness indenter in a dynamic ultramicrohardness testing
machine. The hardness tests were performed at constant loading rates in the range of 0.7 - 70 mN/s.
Load-displacement-time data were recorded during loading so that the dynamic microhardness could
be calculated. The load-displacement curves obtained for the solid solution Al-Cu, Al-Mg and Al-Si
alloys are not smoothly changing functions, but contain characteristic steps. This means that the
dynamic microhardness oscillates quasi-periodically indicating the occurrence of plastic instabilities
during indentation. The phenomenon is similar to the serrated yielding (Portevin-Le Chatelier effect)
often observed also in tensile tests. In the Al-3wt%Cu the steps disappear as Guinier-Preston (GP)
zones are formed during natural ageing. The occurrence and the development of the steps depend
both on the loading rate and on the composition of the alloy.
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1. Introduction

Plastic instabilities as the phenomenon of repeated yielding during plastic deformation have
been widely observed, and discussed in the literature under various names like Portevin-Le Chéatelier
(PLC) effect, serrated yielding, jerky flow etc. The phenomenon has been most often observed on
metallic solid solution [1,2] alloys but it appears also in precipitation strengthened alloys in
underaged condition [3]. In unidirectional deformation the most characteristic feature is the
appearance of serration (stress drops or steps) beginning from a critical strain, &,, on the originally
smooth stress-strain curves. Therefore, several works focused both theoretically [4,5] and
experimentally [6] on the determination of the critical strain. The physical basis for the appearance of
the PLC effect is a negative strain rate sensitivity originating mainly from the interaction between
mobile dislocations and diffusing solute atoms.

The PLC effect has been observed and studied in different modes of deformation, like torsion
(3], tension [7-9] etc. Recently, acoustic emission was also successfully applied to study the
mechanism of the PLC effect [10]. The appearance of serration e.g. in tensile tests means that at
certain points of the tensile stress-strain (o — ¢) curve the rate of work hardening, Jdo/ de becomes
negative, which physically means that sometimes the sample becomes locally softer at Increasing
deformation. A similar effect can be expected in depth sensitive indentation or dynamic hardness
tests. First results about the occurrence and the kinematic analysis of plastic instabilities in dynamic
microhardness testing have been recently reported [11,12].


















