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LOCALIZED BULGING DUE TO STRETCHING IN AN INFLATED TUBE ;" 1
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LOCALIZED BULGING DUE TO STRETCHING
IN AN INFLATED TUBE

Zhiming Guo Shibin Wang " Linan Li Qi Liu
( Department of Mechanics, Tianjin University , Tianjin,300072 , China)

ABSTRACT A localized bulge forms somewhere along the length of the hype—elastic tube in the presence of axial load when
the pressure of the tube inside reaches a critical value P, . In this case,the instability of the tube occurs with or without axial
tension, which has effects on the stability of the inflated tube. On the contrary, the tube is first inflated and then subjected to
increasing axial tension, it is observed that a local bulge appears when the axial tension increases to a critical value F,. The 3D
profile is recorded and measured by high speed CCD system and digital shape analysis software , respectively. For the range of axial
tension is controlled by the stretcher. It is shown that initial internal pressure should be high enough but lower than the value of in-
stability of the tube,otherwise there is no bulge no matter how large the axial tension is. In addition the initial pressure lowers the

critical axial force of localized bulging.

KEYWORDS Localized bulge;3D profile;Initial pressure lowers the critical axial force

1 INTRODUCTION

The inflation of an tube provides a good illustration of the phenomenon of the initiation and propagation of an instability''’
which shares the same mathematical and mechanical features with a variety of other strain localization phenomena in engineering
structures and materials. A local bulge appears somewhere along the length of the tube with the internal pressure drops. The effects

231 Pamplona et

of the axial load and extension ratio on the inflation of tubes are studied in papers such as Kyriakides & Chang
al. ") and Goncalves et al. °'. In their research, the tubes or membranes are generally loaded axially first and then inflated.
Kyriakides & Chang show that axial tension lowers initiation and propagation pressures, and change the profiles of propagating
bulge. Pamplona and Goncalves et al present the bulge localization for the same specimen may vary with the value of extension
ratio. The analysis of instability of tubes for stretching is not so common, but the these structures under internal pressure are may be
used widely. The rest of this work is divided into two sections as follows. A set of experiments are carried out firstly and then present

part of results. The paper is concluded with a summary and additional remarks.

2 RESULTS

An experimental device is used to stretch the pressured tubes and measure relevant parameters. The stretching velocity is 80
mm/min,and the values of pressure in the tubes are maintained a constant with a pressure maintaining valve. Some results in a set
of experiments are presented in Fig. 1 and Fig. 2 as follows. Fig. 1 shows effects of initial pressures and axial loads on instability of
pressured tubes. In the range of stretcher,the bulge would not form if the initial pressure is not big enough. Fig. 2 shows that when
the bulges occurs, critical axial force decreases as the increasing initial pressure,and demonstrates the difference between two ways

of loading.

3 CONCLUSIONS

In this work ,we observe the phenomenon of localization due to axial stretching in an initial pressure hype—elastic tube. When
the tube is first loaded axially and then inflated slowly, the bulge occurs due to increasing pressure inside no matter how large the

axial tension. On the contrary, the tube is inflated to approach the state of instability firstly, the localized bulge occurs due to
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subsequent stretching. In this case,the axial force leading to localized bulge decreases with the increase of initial pressure in the
tube. It is probably that the bulge would not appear if the internal pressure of a tube is lower than a certain value. Besides, the

curves of pressure and axial tension are different in the two kinds of loading ways when the bulge forms. More theory analysis will be
carried out and relevant results will be reported in separate papers.
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Figure 1 The effect of initial pressure on load—displacement curves in(a) ,and
the instability due to stretching in inflated tubes with different pressure
values in(b)
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Figure 2 Critical forces for bulging as a function of initial pressures inside the
tubes in(a),and the critical pressures for different extension ratios
with two ways of loading in(b)
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