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Natural Frequency Characteristics of Laminated Composite
Structures Reinforced by a Wavy CNT

Chunt Chultemsuren*, Hyung Bae Choi*, Sang-Youl Lee*"

ABSTRACT: This paper dealt with multi-scale natural frequency characteristics of wavy CNT (carbon nanotube)
reinforced composites by applying the Mori-Tanaka method, rule of mixture, and Halpin-Tsai equation. By compelling
benefit of an ad-hoc Eshelby tensor, the load-transfer characteristics of CNT with a waviness implanted in the
polymer matrix was determined. The numerical results obtained are in good agreement with those reported by other
investigators. Furthermore, the new results reported in this paper show the interactions between CNT weight,
waviness ratios and layup sequences of laminated composites. Key observation points are discussed and significant
considerations are given in practical designing of CNT reinforced composites.
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Fig. 1. Representation of CNT waviness [10]
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Fig. 2. Induced effective elastic modulus with increased CNT
waviness ratio [11]

Table 1. Comparison of induced frequencies (Hz) for all clamped
composite plates

Sahu & Datta Reo et al. Present

Mode .
(2002) (1999) analysis

1 69.76 69.2 69.799

2 142.27 1409 142.57

3 142.27 140.9 142.57

4 209.79 206.9 210.13
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Table 2. Comparisons of material properties for FPC with straight

CNT and wavy CNT
Composites with straight CNT
en [ x| e | o
wt% (Mpa) (Mpa) (MPa) (MPa)
0 5130.0 5130.0 7714.3 2082.0
1 14608.7 5601.1 7837.5 2088.0
2 24087.4 5780.1 7963.2 2091.9
3 33566.1 5911.5 8091.5 2094.2
4 43044.8 6027.4 8222.5 2095.1
Composite with CNT waviness factor A = 0.3
1 7085.6 5931.7 7853.9 2088.0
2 9002.8 6413.3 7996.4 2091.9
3 10907.2 6756.8 8141.8 2094.2
4 12806.5 7028.7 8290.2 2095.1
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Fig. 3. Induced natural frequencies of flat panels for different
weight and waviness ratio ([0/0/0/0])
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Fig. 4. Induced natural frequencies of flat panels for different
weight and waviness ratio ([0/90/90/0])
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