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On the Characterisrics of Acoustic Emission and Multivariate
Statistics in Micro-Damage Evolution Process of
Paper Sheet Subjected to Force Action

ZHANG Liang', LI Jian-yu', QI Gang'*
(1. The School of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China;
2. The Department of Mechanical Engineering. University of Memphis, Memphis, TN 38152, USA)

Abstract: Damage and fracture behavior of paper sheet subjected to force action involves its service
performance. So, investigation on its damage and fracture process not only helps to reveal the physical
nature of paper sheet damage, but also helps to more scientifically and reasonably assess the paper
sheet quality, improving the production and processing technology of paper sheets. This paper
presents a quantitative description method for the assessment of mirco-damage and fracture behavior of
paper sheets. Firstly, according to the essential corelation between AE signal and micro-damage
event, basic characteristics of paper sheet damage and fracture were studied by collecting and
observing AE signals emitted during loading process. Secondly, since collected AE signals contain
large amount of data and information, resulting in the difficulty in data analysis and processing, so
multivariate of random damage method was adopted. AE data were analyzed by using probability
entropy and Andrews curve. Finally, a complete macroscopic description of micro-damage evolution of
paper sheets was achieved by using a trajectory of damage states. Results show that paper sheet
micro-damage evolution presents obvious stepped change characteristics. Andrews curve clustering
results effectively discriminate the similarity and difference among different damage stages. At the
same time, scanning electron microscope observation of paper sheet on different damage stages
provides experimental evidence. Taking typical kraftliner as a case the validity of above-mentioned
method was verified.

Keywords: paper sheet; micro-damage evolution; acoustic emission (AE); multivariate of random

damage; probability entropy; andrews curve; trajectory of damage states



