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Vibration Characteristics Study for the Hard Coating Blisk
Using Finite Element Method
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Abstract: Vibration characteristics of hard coating blisk and the damped vibration reduction of
hard coating were investigated using finite element method. Firstly, the equation of motion of hard
coating blisk was achieved according to the energy method and the Mindlin plate theory and the
complex modulus theory; then, modal characteristics and forced vibration response of hard coating
blisk were solved; finally, a blisk with NiCoCrAlY + YSZ deposition hard coating on both sides
of blades was taken as study case, the finite element model of hard coating blisk was validated by
the theoretical analysis and experimental test. The results reveal that the NiCoCrAlY + YSZ hard
coating has weak effect on natural frequencies, but a strong damping effect on the blisk, and
forced responses of the blisk were suppressed remarkably by the NiCoCrAlY + YSZ hard coating.
Key words: blisk; damped vibration reduction; hard coating; finite element method; dynamic
analysis
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Fig. 1 The hard coating blisk and hard coating blade
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Table 1 Material parameters of the hard coating blisk
ZH L UL s R 2
R Q235 -A NiCoCrAlIY + YSZ
¥ A i/ GPa 210 54.50
W/ (kg-m ™) 7 600 5 600
HEE/N Y 0. 30 0.3
PAFERHF 0.000 6 0.0212
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Fig. 4 Natural frequencies of the hard-coating
blisk obtained by FEM and experimental
test
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Table 2 Natural frequencies of the blisk with different
coating thicknesses

Bk A/Hz  B/Hz C/Hz D/Hz PAD/%
1 146.20 145.50 144.81 143.47 1.87
2 146.53 145.82 145.13 143.79 1.87
3 158.77 158.04 157.33 155.94 1.78
4 196.47 195.70 194.96 193.53 1.50
5 236.48 235.76 235.07 233.76 1. 15
6 244.77 244.15 243.56 243.47 0.53
7 282.85 282.31 281.82 280.93 0. 68
8 293.90 293.44 293.01 292.27 0.55
9 299.90 299.47 299.09 298.44 0. 49
10 301.81 301.39 301.02 300.40 0. 47
11 749.14  748.17 747.98 747.71 0.19
12 756.30 755.35 754.47 753.95 0. 31
13 798.97 797.94 797.60 797.37 0.20
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Fig. 6 Ratios of modal loss factors of the hard
coating blisk with different coating
thicknesses
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Fig. 7 Forced responses of the hard coating blisk
with different coating thicknesses
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