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Abstract; In order to reduce the failure of bladed disk system, the vibration characteristics of bladed
disk system with crack was studied. The structural model of bladed disk with different crack depth and po-
sition distributions was established, and the vibration characteristics were studied by finite element analy-
sis(FEA) method. The results show that the crack significantly reduces the natural frequency of the
blade disk system, and the reduction amplitude of the fundamental frequency increases with the increase
of the crack depth. Compared with a single crack, when the blade disk structure contains two cracks, the
second-order frequency of the bladed disk structure will also be reduced. And when the two cracks are
distributed in two adjacent blades, the degree of reduction of the second-order frequency is weaker than
that of other distributions.
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Fig. 1 Model and mesh division of bladed disk

system with cracks
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Tab. 1 Static and dynamic natural frequencies of

tuned bladed disk and cracked bladed disk systems
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TR T meorm wEVE AL
1 420. 68 410. 66 428.68 418. 66
2 420.94 410. 86 428.94 428.86
3 421.35 419.06 429.35 429.06
4 422.4 419.94 430.4 429.94
5 422.6 420.55 430.6 430.55
6 424.5 422.74 433.5 432.74
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Fig. 2 First six-order mode shapes of tuned bladed disk and cracked bladed disk systems
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Fig. 3 Comparison of natural frequency data between

tuned bladed disk and cracked bladed disk systems
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Tab. 2 Frequencies of bladed disk with different
crack depth in static state(Hz)
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2 413.58 413.87 413.98 415.18 415.51 418.72
5 411.20 413.64 413.80 415.04 415.14 418.09
8 403.66 413.86 414.06 414.94 415.55 417.74
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Tab. 3 Frequencies of bladed disks with
different crack depth in dynamic state( Hz)
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J&/mm
2 426.60 426.82 428.83 431.06 433.70 426.60
5 425.01 426.65 428.22 430.58 432.47 425.01
8 418.30 426.90 428.04 430.24 432.16 428.30

RIEIE 4 AT LA R RS 5 R 55, S
B K TR S AR, A 0 S MR Bl 25 R B o T
BT, R ZAE0 f1 H 0 2 hb H SRR (6 2 S, 44
VR JRE P AR [T 22 6 25 45 4 ) 0 3903 7 2 B
MZUAY 2 mm B, 1 BTR T AR, T 2



- 70 - W hE

3 5 T

2022 4F

S0 8 mm i, 1 BOR TR . Al LRE S
FE R, - 24 ST WA B AR

435 -
e &
430 - A N\
_x
Ao N\
o5 o
N
junt
g 4201
<
X S
ﬁ 415t - e
i) — ﬁ —a— HSTREE2 mm
410 - —o— AV EES mm
& WSTRBES mm
v ZSREE2 mm
405 - ., & WS mm
- < ZFSTREES mm
400 1 1 1 1 1 1

0 1 2 3 4 5 6 7

B4 FRRGREREARREIRL TRMZE
Fig. 4 Frequencies of different crack depth

under different working conditions
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Tab. 4 Static natural frequencies of bladed disks

with different crack distribution locations( Hz)
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Tab. 5 Dynamic natural frequencies of bladed disks

with different crack distribution locations( Hz)
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30° 416.45 422.33 427.04 428.63 431.04  433.30
60° 418.01 419.95 427.14 428.95 431.42 433.84
90° 418.35 419.39 427.13 429.69 432.08 432.62
180°  418.51 419.12 427.91 428.65 432.01  432.37
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434
30° 403.17 406.92 413.85 414.22 415.26  416.32
60° 404.89 406.52 413.96 414.27 415.51 416.14
90° 404.96 405.50 413.72 414.59 415.46  416.00
180°  405.91 405.42 412.91 414.36 415.31 415.55

LA S T RLE Y, g e A e B A Ol
B, B RSO LR AR 2l i B A5
A SEIRRAEAR . AR T A o A 00, S PS80y
ATEARSR A R B, i3S M RN B e 22 5
T2 REBONFR AT AT I, i S5 AT B AN 1
HTIE AT, SRS B, 2 S EOLR A & RS0
Fr AT A B A A e A, H i AR . B
BE I, shZS B0 N R E A R, A T B
LT, I B A5 A AN BB, TCie R T
Al Fp oA, i BEES A BY 2 B s R AR e, IF B
ARG AT AEAAR i, 2 Bt 4R A0 i) e
55T HAL A 1 B

450 —=— #4530°
445  —e—if60°
HA90°
440 [ —— 180

——FhA30°
435 —<— ghA60°
430 - > 3h&90°

—o— FhA180°
425

420 |
415 ¢

4
g
410 | /
405+ =%

400

& B/ Hz

1 1
0 1 2 3 4 5 6 7

B S5 REFARIHUEFLTEIREFIRE
Fig. 5 Different order natural frequencies of bladed

disks with different crack distribution locations( Hz)
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