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Abstract: Based on the fractional-order thermo-electric-elastic theory and the Legendre polynomial series
method, a mathematical model for guided wave propagation in functionally graded hollow cylinders was estab-
lished. The effects of the fractional order, the piezoelectric effect, and the radius-thickness ratio on the wave
propagation, especially on its attenuation, were discussed. The numerical analysis results indicate that, the pie-
zoelectric effect on attenuation mainly concentrates near the cutoff frequency and the mutation frequency, and
causes the mutation frequency to shift forward. The fractional order has a great impact on the phase velocity
and attenuation of the thermal wave mode, and has an opposite impact on the phase velocity around the cross-

over frequency point where the crossover mode occurs with the thermal wave velocity. But the thermal wave at-
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tenuation gradually decreases with the fractional order. Meanwhile, the 1st longitudinal mode attenuation is
suppressed by the piezoelectric effect. However, the attenuation of other modes significantly increases, and the

impact of the electrical open circuit is greater than that of the electrical short circuit.

Key words: guided wave; fractional-order thermo-electric-elastic; functionally graded hollow cylinder; disper-

sion; attenuation
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&1 MHSH(PzT-4) 2
Table 1 Material properties( PZT-4) [?2]
property C,, /(N-m™?) C,, /(N-m™2) Cp;/(N-m™) Cyy /(N-m™2) Cy /(Nem™) Cy /(N-m™?)
PZT-4 1.39x10" 7.78%10'° 7.43x10'° 1.39x10" 7.43%10" 1.15x10"
property Cy /(N-m™?) Css /(N-m™2) Ce /(N-m™2) eis /(Com™?) ey /(Com™?) ey /(Com™?)
PZT-4 2.56x10' 2.56x10' 3.06x10' 12.7 12.7 -5.2
property e5 /(Com™2) ey /(Com™) e/ (CEN"m™?) £, /(C*Nm™?) &5 /(C>*N"m?)  p/(kg'm™>)
PZT-4 -5.2 15.1 6.46x107° 6.46x107° 5.62x107° 7.5%x10°
%2 Cobalt/steel (HAF KIS
Table 2 Material properties of cobalt/steel >
material C, /(N-m™2) C, /(N-m™) Cp /(N-m™) Cy /(N-m™) Cy /(Nem™) Ces /(N-m™2)
steel 2.692 3x10" 1.153 8x10" 1.153 8x10™" 2.692 3x10" 7.692x10'° 7.692x10'°
cobalt 3.071x10" 1.65%x10" 1.027x10" 3.581x10" 7.55%10'° 7.105x10'°
material p/(kg-m™) C,/(J-kg"K") B, /(N-Ktm?2) B,/(N-K'm?) K /(Wem™“K!) K;/(W-m LK)
steel 7.85x10° 477 6.0x10° 6.0x10° 52 52
cobalt 8.836x10° 427 7.04x10° 6.9%10° 69 69
®3 MRS
Table 3 Material properties ")
property CdSe PZT-5A property CdSe PZT-5A
C, /(N-m™2) 7.41x10' 1.39x 10! &y, /(CEN"1m™2) 8.26x107" 6.00x107°
Cp,/(N-m2) 4.52x10'° 7.78%10'° £y /(CEN"m™?) 8.26x107" 6.00x107°
Cy /(Nem™2) 7.41x10" 1.39x10" £33 /(CANm™?) 9.03x107 " 5.47x107°
Cp3/(N-m™) 3.93x10" 7.54x10" K, /(W-m™-K™) 9 1.5
Cy /(N-m™) 3.93x10"° 7.54x10" Ky /(W-m™-K™) 9 1.5
Cy /(Nem™) 8.36x10'° 1.13x10" Ky /(Wem™K™) 9 1.5
Cu /(Nem™) 1.32x10'° 2.56x10' B, /(N-Km™) 6.21x10° 1.52x10°
Css /(N-m™) 1.32x10'" 2.56x10'" B, /(N-Km™2) 6.21x10° 1.52x10°
Ce /(N-m™2) 1.445x10" 3.06x10" B85 /(N-Km™) 5.51x10° 1.53%x10°
e3 /(C-m™?) -0.16 -6.98 P, /(C-Km™) 0 0
e3, /(C-m™?) -0.16 -6.98 P,/(C-Km™) 0 0
33 /(C-m™?) 0.347 13.8 Py /(C-Km™) -2.94x107° -4.52x107*
es /(C-m™?) -0.138 13.4 C,/(J-kg-K™) 260 420
ey, /(Com™2) -0.138 13.4 p/(kg-m™) 5.504x10° 7.75%10°
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Fig. 2 The real part convergence analysis of the dispersion curve (N = 3)
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Fig. 3 The imaginary part convergence analysis of the dispersion curve (N = 3)
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