
Thermographic study of nucleation and propagation of Portevin-Le Châtelier 
bands  

 
by R. Zielke, H.-A. Crostack, X. Feng, G. Fischer 

 
Chair of Quality Management, University of Dortmund, Dortmund, Germany, D-44227 

 
 

Abstract 
 
The occurrence of Portevin-Le Châtelier (PLC) effect in some materials is under the condition of certain 

temperature and strain rate. According to physical explanation, local deformation patterns of plastic instability rely on 
dynamical strain aging, dislocation interaction and negative strain rate sensitivity. The purpose of this work is the 
investigation of the nucleation and propagation of PLC deformation bands in Aluminium alloys. In particular, the 
morphology and kinematics of PLC bands are investigated experimentally using both mechanical and thermal 
measurement methods. The latter employs a high speed IR camera which captures temperature changes resulting 
from mechanical dissipation and heating due to the nucleation and propagation of PLC bands. Moreover, the 
algorithm of image correlation is utilised to calculate the plastic deformation from the contrast due to the roughness of 
surface. The simultaneous measurement of plastic deformation and temperature increment is a meaningful method to 
research the relationship between the local plastic deformation and heat dissipation. The measurements yield 
correlations between the spatiotemporal evolution of stress, strain and temperature in the specimens and PLC-band 
development. The dependence of band velocity and strain concentration on strain and strain rate is measured. 
Further the critical strain is measured with the change of strain rate.  
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1. Introduction 
 
A common technological method to increase the strength of pure metals is to introduce foreign atoms in 

metallic solid solutions in order to obstruct the dislocation motion. In some regimes of temperature and loading-rate, 
the interaction of such foreign atoms with dislocations can result in a negative strain-rate sensitivity, dynamic 
instability and deformation localization, leading to the nucleation and propagation of so-called Portevin-Le Châtelier 
(PLC) bands. From a technological point of view, the development of such bands results in a reduction of surface 
quality and strength, and therefore is undesirable. From the appearance of the recorded load serration, three types of 
PLC bands have been commonly distinguished [1]: type-A bands, which are nucleated near one specimen grip during 
a slight yield point, and then propagate continuously along the specimen with only slight load fluctuations; type-B 
bands, which are also nucleated near one grip, but propagate discontinuously along the specimen accompanied by 
rather regular load serration; and type-C bands, which are nucleated at random sites along the specimen length and 
cause strong regular load drops at rather high frequency. The unstable plastic flow is basically traced back to 
negative strain-rate sensitivity (SRS) of the flow stress, namely a decrease of the flow stress with increasing applied 
strain rate. Such an anomalous behavior may be induced by the dynamic strain ageing (DSA) within certain ranges of 
loading rates and temperatures [2]. 

In previous work, Neuhäuser et al.[3] used a multizone laser extensometer to monitor the local strain evolution 
along the gauge length of specimen and to determine independent values for velocity, width and inherent local strain 
of individual bands. In the work [4] the correlation between acoustic emission activity and PLC effect-induced strain 
jumps measured by the laser extensometer was studied. A two-dimensional analysis of local strain evolution due to 
PLC bands was realized by Tong using a high-speed digital camera and an image-based plastic deformation 
mapping technique [5]. Alternatively, the initiation and propagation of PLC bands were studied 2-dimensionally by 
use of infrared cameras. In this case the surface temperature field caused by heat dissipation and conduction is 
evaluated instead of strain. In the article [6], the Al-alloy Al-4wt.%Cu was investigated at a strain rate of 0.7 %/s and a 
frame rate of 60 Hz. 

In this work, the experimental results of a detailed investigation of the morphology and kinematics of PLC 
bands in AlMg3 (AA5754) by means of high-speed infrared camera (max. 885Hz), in combination with the mechanical 
measurement, are presented. At first, the experimental device and analysis method is described and then the Taylor-
Quinney-based relationship between plastic deformation and heat dissipation are investigated. At last, the results are 
presented in two parts: morphology and kinematics. The morphology is observed not only at the gauge length but 
also transition area near the head of specimen during the nucleation and propagation. The kinematics is 
characterized by using a method of presentation to investigate the PLC band, stress and strain comprehensively. The 
band parameters, in particular, band velocity, are measured in dependence on the strain and strain rate for type A. 

 
2. Experimental device and method of analysis 

 
2.1. Material  

 
The material investigated in this study is a technical AlMg3 alloy. The composition is Al-3.11%Mg-0.26%Si-

0.22%Fe-0.18%Mn (wt%). This material was prepared by cold-rolling into 1.5mm sheets. The prismatic specimens 
manufactured from these sheets were ground and polished followed by annealing in air at 673K for 2 hours and 
quenching into water. Tensile tests were carried out at room temperature using a miniaturized testing machine.  
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