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A modified shape function for calculating stable configurations and natural
frequencies of bi-stable [0/90]+ composite laminates
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, thermal and vibration response of cross-ply bi-stable composite laminated plates was
Received 08 January 2016 studied using semi-analytical, finite element and experimental method. In order to evaluate the semi-
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analytical and finite element results, a bi-stable composite plate was manufactured using a special
Available Online 12 April 2016 yt p p g asp

procedure. Next, geometrical characteristics and displacement of different paths on the plate were
measured experimentally at room temperature. In semi-analytical approach, the two stable states and

Keywords:

Bi-stable Composite Laminate the first natural frequency of cross-ply laminates are calculated based on Rayleigh-Ritz approach
Rayleigh-Ritz Method combined with Hamilton’s principle. In this study, a modified shape function was introduced that allows
Thermal Response the curvatures to vary in both longitudinal and transverse directions. Using the modified shape function,

Natural frequency

Finite Element Simulation the displacement of the plate in its stable configuration and the first natural frequency of the plate can be

more accurately predicted compared to the Hyer’s shape functions. The obtained results from the
proposed shape function are in good agreement with the finite element and experimental data. The
proposed shape functions can also be used in dynamic and vibration analysis to determine the snap-
through load of the cross-ply laminates.
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Fig. 2 Application of bi-stable composite laminate in variable camber
trailing edge [21]
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Fig.3 Schematic of the plate and its geometrical parameters
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Fig.4 Typical images from optical microscopy of thickness of
manufactured laminate with 50X magnification

et b (6 )58 oS Sin L o aisls 35 a5l ()l uSe 4 S

25°C (slos 10 39 3o sl Sl axmio (9,0 ol 450 513 Jaux

Table 3 The effect of the order of in plane displacements on stable
configuration of the laminate at 25 °C
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(mm)  (mm)  (mm) () (M) s 0,=0,
1324  -1317 007 471  -0.03 6 3
41321 -1310 011 470  -0.04 12 5
4132 -1309 011 469  -0.04 20 7
4132 -1309 011 469  -0.04 30 9
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Table 4 Minimum and maximum values of the curvatures for the
investigated models
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