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Study of temperature-curvature relationships in Bi-stable Composite Laminates

Moore, M*" Firouzian-nejad, A.? Ziaei-Rad, S°. Eidani nezhad, A.*

1. Department of Marine Engineering, Khorramshahr University of Marine Science and Technology.
2. Department of Mechanical Engineering, Isfahan University of Technology.

Abstract

The interest in bi-stable structures comes from their ability that these structures can have two different
stable equilibrium configurations to define a discrete set of stable shapes. The geometrical changes
occur with no need to continuously consume power, and mechanical hinges to preserve the structure in
each stable shape. It is known that asymmetric composite laminates can have bi-stable response to
different kind of loadings. In this research, the non-linear temperature-curvature relationship for the
asymmetric composite laminates is studied using Rayleigh—Ritz technique. Attention is focused on
studying the effect of material temperature dependency and resin layers; especially in the bifurcation
point by use of analytical method. To this end, the well-known analytical theories are extended and
used to consider the temperature dependency of material. The results obtained from the theory are then
compared with the finite element simulations results and a good correlation is obtained. Finally, an
experimental investigation is carried out and several specimens with [90/0]+, [70/-20]+ and [70/20]+
compositions were manufactured. In order to study the effect of resin layers, optical microscopy is
utilized and the exact thickness of different layers in the manufactured specimens is determined. The
thermal responses of the manufactured plates were measured and used to validate the results obtained
from the analytical theory and finite element simulations.

Keywords: Bi-stable laminates, Asymmetric laminates, Rayleigh—-Ritz method, Composite plate,
Thermal response.

Figure 1: Saddle-like and cylindrical shapes of non-symmetric composite plate after applying thermal
loads.

Figure 2: (a) Schematic view of the laminate coordinate system and the principle directions. (b)
Schematic view of the laminate composition.

Figure 3: Longitudinal elastic modulus versus temperature for T300/5208 graphite-epoxy composite.
Figure 4: Transverse elastic modulus versus temperature for T300/5208 graphite-epoxy composite.
Figure 5: Shear modulus versus temperature for T300/5208 graphite-epoxy composite.

Figure 6: Major Poisson’s ratio versus temperature for T300/5208 graphite-epoxy composite.

Figure 7: Longitudinal thermal expansion coefficient of T300/5208 graphite-epoxy composite versus
temperature.

Figure 8: Elastic modulus of epoxy resin versus temperature.

Figure 9: Typical image from optical microscopy of thickness of a [90/0]; laminate with x50
magnification.

Figure 10: Temperature-curvature relationships for a [90/0]+ laminate by considering the temperature
dependency.

Figure 11: Temperature-curvature relationships for a [70/-20]y laminate by considering the
temperature dependency.

Figure 12: Temperature-curvature relationships for a [70/20]+ laminate by considering the temperature
dependency.

Figure 13: Temperature-curvature relationships for a [90/0]+ laminate by considering the effects of
resin layers and layup thickness variation.

Figure 14: Temperature-curvature relationships for a [70/-20] laminate by considering the effects of

*Corresponding author, E-mail: m.moore@kmsu.ac.ir
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resin layers and layup thickness variation.

Figure 15: Temperature-curvature relationships for a [70/20]; laminate by considering the effects of
resin layers and layup thickness variation.

Figure 16: The vacuum oven, dial gage and a [90/0]+ specimen.

Figure 17: Maximum plate height (H).

Figure 18: Experimental, theory and finite element predictions of laminates middle point height with
different stacking sequence as a function of temperature.

Table 1: The constant mechanical and thermal properties of T300/5208 graphite epoxy and generally
epoxy resin over the temperatures.

Table 2: Models characteristics and the average thickness of each layer within the laminate.

\i2



