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Reduced-order modeling and vibration analysis of mistuned
blisk with damping hard coating
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(School of Mechanical Engineering and Automation,
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Abstract: For mistuned blisk (integrally bladed disk), a method for damping hard coat-
ing on blades was proposed to reduce vibration and improve its working life. However, the
high fidelity model of mistuned blisk with hard coating tended to characterize massive compu-
tational scales in a finite element analysis, thus a method of double reduced-order modeling
was developed to deal with this defect. Degrees of freedom of mistuned blisk with hard coat-
ing were reduced by using an improved hybrid interface sub-structural component modal syn-
thesis (HISCMS) method, the modes of mistuned blisk with hard coating were reduced
based on a criterion of intensive modes and a method of subset of nominal modes (SNM). In
order to investigate vibration of mistuned blisk and the influence of hard coating on blisk, a
mistuned blisk with NiCoCrAlY+ YSZ (yttria-stabilized zirconia) hard coating on both sides
of blades was selected as example to conduct simulation. Results revealed that the method of
double reduced-order modeling can improve 25. 86 % —42. 05% computational efficiency un-

der the premise of the accuracy of calculation, the hard coating had strong damping effect,
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and resonant response of mistuned blisk in resonant areas can be suppressed remarkably.
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hard coating; mistuned blisk; double reduced-order modeling;

hybrid interface sub-structural component modal synthesis (HISCMS) method;

subset of nominal modes (SNM) method; vibration analysis
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Table 1 Material parameters of blisk and hard coating
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i PEAR i/ GPa 70 54. 494
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Table 2 Geometrical parameters of blisk and hard coating

HE o OUCER ol 4 AR 1 B TR A S TH - 2 R B S 2
Gk A RSP 88 BR oo 2 4 5 1 A B TR
12.77%~18.54% 5 25. 86 % ~42. 05% , {3 B 3
R 4 AR B R TR ROR R T
L Bl 5 55 25 A Uk 140 38 34 185 K5 32 07 T 1 v AR
ot o 3 .

110 F == R IR i P ) 12 A
100 F —— {45 5t r—%m&:mmﬂ;/
90 —a— fi‘-rJ\'.TJ“EZE!TTIEEht:fm;-f -

52 B (8] /min
=

BB
Bl 7 3 PR R Dy ik i B[]

Fig. 7 Computational time of three different methods

3Ny U Yol A6 A A 5 12 5 Al T el 7k 4R
IR 20 197 ] A7 4505 e g 22 46 6B . 7T LUK 21
XU 20 AR AT 1 S IR 5 S T T A MRS 28 ik
F14) 1 5 43 5 25 46 6HE TACRAF ik TO AR
R 19000, XU I 4 A Ty 1k 15 4 RO A 2 1Y
Wi 47 99 R A 22 4 XHE TBORAF S0 Ty Mk
{6 1. 4620, WAl i 22 (1 88/ . 3 LB L WL
AR A7 1 T R R F R R Y

K3 IWMARAERBNEERERBE
Table 3 Natural frequencies obtained by three different

methods and its tolerance
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10 1012.22 1009.78 1008.57  0.24 0. 36
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Fig. 8 Model assurance criterion
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Table 4 Natural frequencies of the mistuned blisk with or without damping hard coating

i A 454/ Hz
(1876 XS T ol 5 AR v S 35 I
Je i i "E%H C./% SR B R G/ %
1 680. 18 685.11 0.72 678.55 694. 77 2.33
2 727.51 741.57 1. 90 723.95 740.67 2.26
3 810. 07 821.07 1. 34 794. 91 812.13 2.12
4 948.19 957.08 0.93 943. 63 961. 35 1. 84
5 950. 48 962. 29 1.23 951.92 970. 14 1. 88
6 954.51 973. 14 1.91 958. 95 972.67 1. 41
7 960. 36 982. 96 2. 30 967.77 981. 99 1. 45
8 968. 76 993. 86 2.53 974.22 988. 94 1. 49
9 978.95 1001. 24 2.23 984. 39 999.61 1.52
10 991. 08 1012.22 2..09 994.52 1010. 24 1. 56
11 1103. 27 1130.53 2. 41 1078.71 1094. 93 1. 48
12 1201. 69 1235.12 2.71 1208.13 1224. 85 1. 37
13 1310. 19 1346.79 2.72 1289.63 1306. 85 1. 32
14 1508. 36 1542. 45 2. 21 1498. 15 1522.42 1.59
15 1542.52 1576.52 2. 16 1537.58 1564. 25 1.70
16 1587. 47 1621. 45 2. 10 1583. 41 1617.74 2.12
17 1652.82 1689.12 2.15 1644.75 1672.91 1. 68
18 1698. 49 1734.72 2.09 1693.61 1728.69 2.03
19 1735.16 1771. 48 2. 05 1734.91 1765.52 1.73
20 1792. 24 1831.76 2.16 1804.73 1837. 44 1.78
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Fig. 9 Modal loss factors of the mistuned blisk with or without damping hard coating
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