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Measurement Method of Residual Stresses in Thick Composite Cylinders

Jong Woon Kim, Dong Chang Park, and Dai Gil Lee

Abstract

During manufacturing thick composite cylinders, large thermal residual stresses are developed and
induce catastrophic interlaminar failures. Since the residual stresses are dependent on many process
parameters, such as temperature distribution during cure, cure shrinkage, winding tension, and migration
of fibers, calculation of the residual stresses is very difficult. Therefore a radial-cut method have been
used to measure the residual stresses in the composite cylinders. But the conventional radial-cut
method needs to know numerous material properties which are not only troublesome to obtain but also
vary with change of fiber arrangement during consolidation. In this paper, a new radial-cut method
with cut-cylinder-bending test was proposed and the measured residual stresses were compared with
calculated thermal residual stresses. It was found that the new radial-cut method which does not need
to know any of material properties gave better estimation of residual stresses regardless of radial
variation of material properties. Additionally, interlaminar tensile strength could be obtained by the
cut-cylinder-bending test.

Key Words: Thick Composite cylinder, Thermal Residual Stress, Radial-cut Method, Curved Beam
Bending, Shear Deformation of Fabrics, Interlaminar Tensile Strength
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Fig. 1. Inter-yarn angle (M60).

Table 1. Specifications of cylinder specimens

M60 M90 075

R Rt o et o As

W7 a (mm) 60.9 90.7 75.8

2|7 b (mm) 120 120 120

Z1o] w (mm) 36.3 36.6 17.5
A&zt B +38° +38° (Fig. 1)
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Strain gages

Fig. 2. Radial-cut test.
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Fig. 4. Force and moment components during the
cut-cylinder-bending test.
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