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Free vibration characteristics analysis of FG-CNTRC Kirchhoff
plates on viscoelastic substrates in thermal environment
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Abstract: FG-CNTRC demonstrate significant engineering value in advanced equipment manufacturing due to their exceptional mechanical
properties and designable characteristics. The critical problem of nano-reinforcement scale effects on mechanical response mechanisms was
addressed through integration of nonlocal theory with the Eshelby-Mori-Tanaka method, resulting in the development of a nano-to-macro multiscale
constitutive model. Based on mathematical characterization of spatially gradient-distributed CNTs ( carbon nanotubes ), the thermo-mechanical
coupling effects from environmental temperature and visco-Pasternak substrates were incorporated. Vibration governing equations for nanocomposite
structures were established through Kirchhoff plate theory and energy variational principles, with characteristic frequencies of simply-supported
plates subsequently solved. The influence mechanisms of CNTs’ characteristic parameters and thermo-mechanical coupling effects on the natural
frequency of structural systems was analyzed. Results demonstrate that the constitutive model effectively characterizes the stiffness-weakening effect
induced by CNTs’ scale effects. This effect simultaneously suppresses the stiffness enhancement from substrate elastic parameters while significantly
increasing sensitivity to temperature variations. Moreover, the critical volume fraction for structural reciprocating vibration shows positive correlation
with substrate damping parameters.
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Tab.5 DFF of CNTRC plates under different CNTs distribution types and nonlocal parameters
CNTs 434 5 )

¢ UD FG-V FG-X FG-0
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0.15 ~0.411 8 +2.659 1i ~0.409 9 +2.326 0i ~0.411 8 +3.172 4i ~0.411 8 +2.067 6i
0.20 ~0.411 8 +2.449 0 ~0.410 1 +2.175 5i ~0.411 8 +2.900 5i ~0.411 8 +1.934 5i
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Fig.3 Imaginary part of DFF for CNTRC plates under

different nonlocal parameters and substrate stiffness
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Fig.4 Imaginary part of DFF for CNTRC plates under

different temperature fields and nonlocal parameters

Bl 5 &R T FG-V CNTRC 3 JG 44 [ 45 451 %
HEFRBE CNTs {471 ﬁj‘iﬁt%ﬂﬁﬁilﬁﬂ}ﬁﬁﬁﬂﬁﬂ* 1L
A SR E S8 ¢ =141 165 N - 2,
ME ] LLE H fﬁlﬂﬁﬁiﬁﬂlﬁf%ﬁzT éu
CNTs (RBU BN T 80 % F I A8 £ B, FG-V
CNTRC H JG 1 A LA i 5 o % %‘%Hﬂﬁtﬁﬂﬁﬂiﬁ
AR YR s 24 CNTs (R8O £ i), To i
AN AR RE CNTs {&F] ﬁi&ﬁﬁi‘ﬁnﬁ'ﬁiﬂ (=]
TR R 5%, UL FG-V CNTRC 4R 119 8l K|
JERE CNTs {RFR 53 B30 38 i $2 e , AFL 3 B Aop 2
BRI/, AR I TR B S B 25K
F18) 385 DRI 184, 3% 2 R O SR IR BHLJE S B4 T #E
FG-V CNTRC % At sh (1 g, 1] CNTs {415
B rgm a2 m A B kiR s Re . Bk, B



3 ]

S IR BB RER | FG-CNTRC Kirchhoff B2 F1 RSN 407 £ 201 -

JESHOBR , RE R AE BB , X 7 A9l SRR 34
WK

3.0

-a-c,=4¢]
25 A5
76,760
sot c=Tco

t t

T

15F

Im(Q)

1.0-F

0.5F

S CNTRC AR JC ik 40 HAT g R Bl CNTs AR B3 K
SEAABHLIE S8 22 i 26
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