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Vibration Characteristics Analysis and Frequency Modulation
Optimization of Circularly Interlocked Blade

JIN Ze-long, YU Jian-feng,ZHAO Jun-bo,SUN Dan
(No. 703 Research Institute of CSSC,Harbin, China,Post Code ;150078)

Abstract: In order to avoid the resonance phenomenon of the blade during operation, the full three-di-
mensional finite element analysis method is used to analyze the vibration characteristics of the whole
blade-impeller model for the low-pressure penultimate stage moving blade of a steam turbine. The results
show that the ' three key ' resonance occurs in the first-order vibration mode of the 8-pitch diameter under
the initial shroud thickness within the working speed range , which does not meet the frequency avoidance
rate requirements and is prone to resonance, so {requency modulation improvement is needed. The fre-
quency modulation is optimized by changing the thickness of the blade shroud and the length of the shroud
contact surface ,and the test verifies that the ' three key ’ speed and the working speed avoidance rate meet
the requirements after the frequency modulation,and the frequency modulation scheme is effective.
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Fig.2 Mesh division of finite element model
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Fig. 3 Local mesh division
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Tab. 1 Material parameter
e Loy 45
R /kg + m 3 7 780 7 860
LR/ GPa 200 204
NEL/NAA 0.27 0.286
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Fig. 4 Circular vibration mode
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Tab. 2 Dynamic frequency values of vibration under different working conditions( Hz)

25% T 75% T4 1009% T.#% 125% T
TAEE
1 Bir 2 W 1 B 2 1 [ 2 [y 1 B 2 [y
0 286.32 355.52 294.69 362.03 301.78 367.62 310.59 362.03
1 337.50 365.69 344.85 371.99 351.22 377.39 358.98 371.99
2 362.87 473.63 369. 81 478.72 375.96 483.11 383.23 478.72
3 385.96 599.46 393.04 603.95 399.18 607. 82 406.75 603.95
4 413.32 701.35 420.58 706.26 426.78 710.42 434.65 706.26
5 437.11 773.50 444.53 779.27 450.85 784.14 458.93 779.27
6 456.62 821.85 464.18 828.44 470. 62 834.01 478.87 828.44
7 473.58 854.21 481.26 861.44 487.79 867.56 496.19 861.44
8 489.33 876.40 497.13 884.09 503.75 890. 62 512.27 884.09
9 504. 66 892.05 512.56 900. 09 519.27 906.92 527.92 900. 09
10 519.97 903. 38 527.97 911.67 534.78 918.72 543.55 911.67
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Fig. 5 Campbell diagram of pitch circle vibration of

blade-impeller model ( first 2 orders)
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Fig. 6 The first-order vibration Campbell diagram of
the first 10 pitch diameters of blade-impeller model
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Fig. 7 The second-order vibration Campbell diagram of

the first 10 pitch diameters of blade-impeller model
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Tab. 3 Comparison of geometric size changes before and

after blade shroud frequency modulation ( mm )

[l 4544 VA i UG A
JEjig 4.7 5.2 0.5
Hefph i 8.4 9.4 1.0

L Ao 00 R S R 0 X - R
PEATHR BRI AT, A5 B RS 1 B 8 AR IR B Y
C=H S TARR BT R 3.27% 51 B 9
AR B A U T e G A i T R
-6.19% &K 4 43t THMIAT J5 1 B 8 TR bk
TFRXF . WA LI P 1B 8 35 A=A
FRETT AR L EK



5 3 1]

BT 26 P SRR S A7 SR A -5 -

x4 MEESMETJG | B 8 RMEBF EXTLL
Tab. 4 Comparison of first-order frequency avoidance
rates of 8-pitch diameter before and after blade

frequency modulation
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Fig. 8 Testing equipment and instruments layout
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Tab. 5 Dynamic frequency before and after frequency

modulation ( first-order)
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Fig. 9 Campbell diagram before frequency modulation

600 k=9 k=8
/® @/ k=7
N
=
5 500 /
K k=6
400 L
87.5% 100% 112.5%

TH
B 10 EmERIN/RE

Fig. 10 Campbell diagram after frequency modulation
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Tab. 6 Comparison between finite element calculation

results and test data

TR IR/ MR/ xR 2%
7 538 505.18 6.1
8 551 528.96 4.0
9 562 529.97 5.7
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