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Slippage Effects on the Curvature Shape of
Unsymmetric Laminates
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Abstract

The room-temperature shapes of cured unsymmetric composite laminates have out-of-plane warping
after autoclave processing. In addition, they exhibit two stable room-temperature configurations due to
snap-through phenomena when the side length of laminates exceeds a critical value. The cured shapes of
unsymmetric laminates are influenced by many environmental factors. Experiments show that the effect
of too-plate cannot be ignored and has significant influence on the cured shape of unsymmetric

laminates.

In this present study, approximations to the strain fields are used in the expression for the total
potential energy and the Rayleigh-Ritz method is applied. The slippage effects resulting from the
interaction between the laminates and the tool-plate are considered. By introducing a dimensionless
slippage coefficient and correlating the corresponding value with experimental results, the influence of
processing parameters is investigated. Modeling is extended to predict curvatures of plate configurations

with various aspect ratio. .
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Fig.1 Schematic configuration of transverse  shear
stress distribution
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Fig.2 Modeling for the determination of slippage
coefficient g,
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Fig.3 The shape of autoclave and curing cycle
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Fig.4 Change of curvature through length of side
for [0,/90,]laminate

(Smooth Al Tool B;= 8,=0.055)
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Fig.5 Change of curvature through length of side
for [0,/90,}laminate
(Smooth Al Tool B;=8,=0.11)
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Fig.6 Change of curvature through length of side
for [02/902]laminate

(Rubber Tool B;= B,=0.0856)
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Fig.7 Change of curvature through length of side
for [0,/90,]laminate

(Rubber Tool 8= 8,=0.11)
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Fig.8 Change of curvature through length of side
for [0,/90,}laminate with (,2mx0.2m
(Smooth Al Tool B, =0.075, B,=0.055 )
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Fig.9 Change of curvature through length of side
for [05/90,]laminate with (.1#X0.3m
(Smooth Al Tool 8, =10.075, B8,=0.055)
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Fig.10 Change of curvature through length of side
for [0,/90,]laminate with (.2 0.3m

(Smooth Al Tool 8;=0.075, B;=0.055)
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