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Behaviour analysis of a bistable twisting hybrid composite plate with an external
metal layer and effecting factors on stability region
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Bistable and multistable plates are types of smart composite structures that have two or more static
Received 15 November 2016 equilibriums. In this paper, a bistable hybrid composite plate with an external metal layer is studied. The
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difference between these plates and conventional bistable composite plates and bistable hybrid
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composite plate with an inner layer of metal is their deformation. In other words, unlike the
conventional bistable composite plates, in both stable states, transverse curvatures that have the same

Keywords:

Bistable hybrid composite plate size and sign but twisted curvature are considerable. The analytical method for studying the behavior of
Morphing structures the plate is Rayleigh- Ritz method and minimization of potential energy and finite element is used. In
Von — Karman equations order to increase the accuracy of the Rayleigh — Ritz method, out of the plane displacement is guessed

Rayleigh — Ritz method

ay ! ( by using Legendre polynomial. First, states of equilibrium and stable states are determined. To better
Finite element simulation

understand the difference between a bistable hybrid plate with an external metal layer and a CFRP
bistable composite plate, a comparison between deform at room temperature, curvature and out of plane
displacement is done. In the next part, the moment required to snap through between stable states is
achieved. Also, the effect of metal layer thickness on out of plane displacement and stability boundary
is investigated. Comparing the results of the proposed shape function and Hyer shape function
compared to experimental results and the results of finite element analysis show that the results of the
proposed shape function are more accurate.
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Fig. 2 The resulting equilibrium states for plate [0/90]: (a) the first
cylinder stable state, (b) a second cylinder stable state, (c) unstable state
saddle
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Table 1 Mechanical and thermal properties CFRP [0/90] and the
aluminum layer [12]

Jlade datine
126 (GPa) CFRP Jsb oLuiS Jgoe
838 (GPa) CFRP _s,e olucsS Joas
4.47 (GPa) CFRP 5, Jsi
0.3 CFRP ygulys oy
0.25 x 107° (°C) CFRP Jsb 5, blusl o,

34 x107° (°C) CFRP _i,c )l bl ey
0.125 (Mmm) CFRP 4¥ 2 culrs
06 G o oS
211 (GPa) GLJI Jsbo S Jsos
70 (GPQ) pgairagl (yluciS Jgoe
23.6 x107° (°C) poriagll 5y blul o
0.240 (MM) poiegll Y Culs
0.1 0.06
E 005 0.04
N
0 10.02
0.1
N 0
¥ (m) 0.1 -0.1 X (m)
@-alh
0.1 0.06
E
< 005 0.04
0 i ‘0.02
0.1 ‘
E 0.03
N
0.02
¥ o001

0.1

0

Y (m) X (m)

-0.1 -0.1
C-2

Fig. 1 The resulting equilibrium states for plate [0/90/AL]: (a) the first

cylinder stable state, (b) a second cylinder stable state, (c) unstable state

saddle
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Table 3 Curvatures obtained for the plate [0/90] for cylindrical stable
states at room temperature
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Table 4 Compare out of plane displacement of a point (x=0, y=-L/2)
for two types of plates [0/90/AL] and [0/90]

Sgazme gl IS 2l ple IS &b SRV
(cm) cm) goloiiny (cm) slay
1.69 1.73 1.91 [0/90/AL]

0.0025 0.003 0.0042 [0/90]

[0/90/AL] G5 55 30 51y a8 S amive 5l )l plralr alin 5 Jguer
[0/90] ,

Table 5 Compare out of plane displacement of a corner for two types of
plates [0/90 / AL] and [0/90]

(cm) cm) golpiin cm) slay
7.27 7.29 7.66 [0/90/AL]
2.23 2.24 2,57 [0/90]
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Fig. 3 Curvature vs. side length for square plate [0/90/AL]
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Fig. 4 Curvature vs. side length for square plate [0/90]
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Table 2 Curvatures obtained for the plate [0/90/AL] for twisted
cylindrical stable states at room temperature
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Fig. 7 Effect of metal thickness on out of plane is a plate corner
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Snap through
to other
stable state

"

Fig. 5 Schema torque applied to the plate and snap through to the
other stable state
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Fig. 6 Torque vs. out of the plane displacement a corner during snap
through process
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