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Abstract: This study concerns the application of piezoelectric shunt damping in the vibration reduction of
the bladed disks in aero—engines. A topology optimization method for the distribution of the piezoelectric materi-
als on the disk of a blisk modal is proposed. The method enables the maximum damping with a restricted amount
of piezoelectric materials. Moreover, bonding the piezoelectric materials on the disk prevents the interference to
the fluid field and therefore it preserves the fluid efficiency. First, the theoretical basis of the topology optimiza-
tion is introduced. The modal electromechanical coupling coefficient (MEMCF) is the critical parameter relating
the modal strain field, the modal frequency and the best damping ratio. Its calculation formula is derived. Sec-
ond, the topology optimization is proposed based on the modal strain field. Note that this method is applicable to
arbitrary structures once the finite element models are given. Eventually, the proposed method is applied in a

compressor bladed disk of aeroengine, where both the single-mode and multi-mode situations are considered, to
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study its effects on the damping in different modes (disk dominant, blade dominant and disk—blade coupled

modes). When the mass of piezoelectric materials is only 5% of the disk, the optimized piezoelectric damper can

provide up to 13% modal damping ratio for the disk dominant and disk—blade coupled modes. On the other hand,

modal damping ratio achieved for the blade dominant modes focuses on 2%~4%.

Key words: Piezoelectric shunt damping; Bladed disk; Vibration reduction; Modal electromechanical

coupling coefficient (MEMCF) ; Topology optimization
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Table 1 Material parameters of PZT-5H

[1/(1700& )
B/ (m/F) 1/(1700¢,) }
| 1/(1700¢,)
1.13x 10 0
h/(N/C) 1.13 x 10*
|-5.8x 107 -58x 10" 2.1x 10*
[1.26 x 10" 8.0x 10" 83 x 10"
8.0 x 10" 1.26x 10" 83x 10"
"/ (Nim?) 8.3x 10"  83x10" 1.21x 10" .
2.3x% 10
2.3 % 10"
233 x 10"
p/ (kg/m®) 7500

10°F/m,
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Fig.1 Flow chart of the optimization procedure for single

mode
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Fig. 3 Flow chart of the optimization procedure for

multi-modes
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Fig. 4 Blisk finite element model
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Fig. 5 One sector of blisk model
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Table 2 Material parameters of blade disk

Parameter Value
Density/(kg/m*) 7800
Elastic modulus/GPa 209
Poisson s ratio 0.3
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Table 3 Disk dominant and disk-blade coupled modes

S NDI
1 0,1,2

2 0,1,4,5

3 0,1,2,3,4,6,7,8,9,10
4 0,4,5,6,7,8

5 1,2,3,4,8,9,10
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Fig. 9 Position of piezoelectric material in disk when the

goal model group step S=1, NDI=0
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Fig. 11 Damping coefficient when the goal modal group
step S=1, NDI=0 (M = 5%)
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Fig. 13 Damping coefficient when the goal modal group
step S=1, NDI=2 (M=5%)
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Fig. 16 Damping coefficient when the goal modal group
step S=1, NDI=18 (M=5%)
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Fig. 17 Damping coefficient when the goal modal group
step S=1, NDI=0 (M=10%)
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Table 4 Best damping coefficient

Damping ratio Damping ratio

Goal mode
(1st mode)/% (2nd mode) /%
1 12.6 3.6
2 7.2 6.9
1 and 2 12.1 6.3
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Table 5 Resonant frequency and piezoelectric damping

Peak Frequency/Hz Damping ratio /%
1 199.7 12.6
2 1018.3 1.1
3 1474.8 1.7
4 4381.9 0.4
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