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Effect of excitation frequency on frequency response characteristics of
mistuned blisk
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Abstract: The blisk forced response analysis method combining fundamental mistuning model
(FMM), influence coefficient method, and modal superposition method was adopted. Considering the
influence of aerodynamic damping, the method was used to study the frequency response characteristics of
various mistuning blisks under traveling wave excitation. The influence of traveling wave excitation
frequency on the forced responses of mistuning blisks was summarized by analyzing the frequency
response curves of different mistuning blisks. The results showed that the forced response of tune blisk
generally increased after the superposition of random mistuning under traveling wave excitation in typical
frequency range, and there was a “response jump” near the peak. After further superposition of alternating
mistuning, the forced response significantly decreased, and frequency response curves exhibited “multi

peak” and “response jump”.
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Table 1 Design parameters and material characteristics of

the blisk
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DA 27
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W/ (kg/m®) 4530

NEL/N 0.34

PP E/GPa 105.5

B2 i
Fig.2 Blade model
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Fig. 3 Modal frequencies and shapes of the blade
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(N/m)

M 25 n SiiBay MR al BRI
25 1757.08 5836.44 6095.19
26 1999.11 1678.09 2610.06

27 124 494.67 75274.69 145 482.65

1 —13532.99 —341991.49 342259.15

2 4144.02 110597.65 110 675.26
3 2637.27 19010.43 19192.49
4 2457.24 11044.87 11314.91

3 BT 5 A

3.1 WHiEME

R L R AR A S Rk T A R, R
FHBAS B vk TS M A R A R[] 42 S A T
PR TS F E

A R B BUE VL A 550~630 Hz, H: LI
PO B 1 YRS I B B S R R N S, IR
B I 25 A I R AR AR b L A T A K T T
Jo B & B RS A 3R, AR K 0.01 Hz,

FEAT — 1 RAT U SR R I, Dt 4
1 27 A~ R e 1 fe K AE A i B TR RN 4%

20250313-4



5 8 4

P B S5 DR A 0T G 1 - A e 1 Y 5

AT 0% e L, 2 T 25 1 i R R — T AR A T
T T iR S e 3, Rl A 3 ) AR AR L, BV A
M 2 o PR E I B AR AS TR 15 42 (nodal diameter) 17
PR e it 2 an 181 7 iR o

1.0 ,
- - 13k
T oogl e 15t
08
g S
= —
E o6t it
ka
®
K 04t
it
ic
= 02
0 1 1 1 1
560 580 600 620
B2/ Hz

Bl 7 Bl -2 i 2%

Fig. 7 Tuned blisk frequency response curves

FEAE— AR AT IR, BBt o il £ 3
FEH S O G A< B KR AE BV 224 95K Bl AT R B T X
o T AR BB A AR, BV LR sk B o KAl .
P R — B 2 E T, DR 2 465+ A ) 3k 4 i
AT LAY 27 S0 e A 5 3 R R (AR ]

ENGIRE X2 (ANl ITA TSN RSP P ]
T S S BLE R L, 3X 55 2% 3Gk [18]
AT — B PRI 2 S A 38 s B e R
Bl [a] A, AT L2 R A 1 R 3 0 I B AR A 1
S BNBELJE A U/ N 3 I
3.2 BEHLKRIEM &

AR SCAE A3 AT 2 18 I 4 ) R B, A OGE
B ML 25 5 65 A0 10 R 6 R /N 6 2R, AR R S Sk
(18 5 AT 0 B AL 2 3R 1) 0T R A 25 AN KT 1%
FE T AR FH B AT AR 53 B X G2 (0 i 7 B 4 2%
SEBRBEALNG 25 1T 1B

i 1 Bt ML eR B AR BT 1000 4 48 X (B A 1%
DA HAF A IEAS 10 i BENLEL, R4 & 27 />R
BLEL, 1R 1 ARG I 4500 27 A0k A 2SS A
R, WK 8 iR,

1 8 il 100 20 Fifi #1125 8 1) 43 A RRAIE 5 45
1000 2H B AL 2% 38 1 3 A RRAE FE A — B, DL 2y
AT W Bl Ry 51, 115545 51 1000 ZH Bl AL 2% 3 it
B TE 25 7 SRR A 3R BB P B A 2%, an &l 9 ir
TNo LATIT 100 21 BEHL AR I8 R AR 2 47 450 ) il 26 31
IR DL 55 BE AL ISR I 45 ) LR AE

1000 20 0100 %

1000
800 [
p
g L
= 600
=
K L
= 400
=
200 -
0 :
-1.0 -0.5 0 1.0
WA %%
K8 BENLRIE i
Fig. 8 Random mistuning distribution
3.0 T
— ==
2.5+ — Rt 410041

— BEHLE R 100041

M e KBRS I /1075

560 580 600 620
WU Mz

P9 BRI SR £ (2 R AT IR0
Fig. 9 Random mistuned blisk frequency response curves

(2 nodal diameter travel wave excitation )

Tk, LAHT 100 40 BENL 3 R 1], #E—25 1t
BAF R FEALIS I A 13, 6 TR, 9
BATARATI I T oA 2, aniEl 10 fios .

XoF 0 M BEATL 2 8 i 5 R Bl ] 1 285 1 A5 i iy
LRl L& BLLL R AR

1) FEHLIS IR T P08 i 25 1 B, &4~
I 40 ) 7 S A A ), b 25 1) B s 7 4 T 3k
Jili A L A it A b, BRR 3N R AL, DRt
BEAL IS B M S AEAT— AR AT I S T (1% iR 36 o 7
e KA B S K T P 4

2) BATL 2 165 I 485 1% 51 i) 2 A i) 7 0 {5 A
T BT <o o Bk AR B G, A A 1 A8 ke
{155 6] — 15 AR AT 0 Bl T o o e A AR —
— 77 T AT 5 B B AR, L UG A0 R S A M ],
73— 7 AN [R5 A AT IR 8 T B4 5 K i 3 i vy A
XK/ RS MR S AR — S

R A 25 2 2 1 L A3 A 5 e 7 Bk A
PG 0 B DL R I B AE AT DR T A A A

20250313-5



IR DA

%41

5 :
—= WA
< 4l —— BpLkH ]
@
= 31
ka
&
X 2t
i3
ir
= -
Ok
560 580 600 620
WSiR /Hz
(a) —13i%%
3.0 : :
—= Pl
L > — BibLH |
20}
g
ifé\( 1.5+¢
L
i3
i
=
560 580 600 620
BRAR Hz
(b) —6T171%
3.0 : :
—=
257 — BEHLRI ]
20}

T H e KA 2SI % /1075

560 580 600 620
WAz

(c) 91#&

P10 BB TS amime i £k

Fig. 10 Random mistuned blisk frequency response curves

JO 2 S 8 I 25 Y 22 A A5 28 B R SR R4 3D,
G B 2 A VIR AR 2 i LA 2 R (3
P 20 B, AL K& A2 A 90°~—90° 1 Ik A%, 12 B A
ASAE MR S B i B2 AR ok A R, 5 B
i T 7 A AR AR X — BRI Hh A SO SR T
BOE BT B R BN, A RE A B I SR
B R Bl L, (5 R R A Bk A2 I AN B2 e 1] e
I S M IO K P B AR, A7) RE A B 2% 31 i 4
RS I R W 7 i AL B AT D0 IRl AR ) A T R
o SRR AR A A 7 Bk LB AR ) R
SCAHEIE

4 ZTEEESTXT A ST A 2200

4.1 XEEIME

e S B g R 3 H R LA E a2 BRI 4 4
Do A%, B AR 2 JEE B 1 T ke el AR it R S A AR
R P2 i R AR A R I JE R 1) A 2 Y
K&, A e — 2 A AT A o IR IT 4R VT
5 5 18] 1) AR R 2B 2 )2 A0 4 )2 MR, 15 5] 2
TR A1 I e T ABE TR 3 1) JRe 25 BTN g g A
B EIEMTME 1 B SR, 43508 601
Hz F1 620 Hz, X 3 Ji 4 i 7 451 %2 (583 Hz) 22 fk i
51K 3.09% 5 6.35%.

FH 2 B BT e Do A A TR X I - 5 o A A2 72
B 43 it AT R 48, K A T 40 ) 2 PR 3 b
ARCR I R 0 58 B A B, W 11 R, i
LR | EAR N s 1 ST = L o S g 1
BIRAREHE 3.09% F1 6.35%.

FEARZ BN G 50T, TR 2 ik
2 o 32 R A A I B AR N TR AR AT IR 4 A8 i)
ik, ik 12 fros.

[ A, DA 3 bt Fr 450538 114 28 85 R A 4%
1], % EE Bl 9 i 2 R 3 R R A AR AR 13 1 AR
—6 TR, 2 AR 9 WARLT U IR T A A il £k
Wi 13 Fros .

(a) 2B (b) SR Ho

Fl11 & 2 Fha 3 AR R B s AT 4
Fig. 11 Alternating mistuned blisks with 2 or 3 blade

frequency types
1.0 T
L o8—— B ]
=
}:{E
=

560 5éo 660 eio
HRhR Mz
(a) 2FpgiHant F

20250313-6



#
&

= B e SUPS LI L E S e E AL

Fig.

it B R ZS MR 13/107

@
12

A R KBS % /1075 B KA 2SI 9 /10°73

R B KA R /1075

—_
(=]

o
)

o
=)
T

=
~
T

=3
[\*)
T

12

Alternating mistuned blisks frequency response curves

1.0

0.8

0.6

04+

1.0

0.8

0.6

0.4r

1.0

0.8

0.6

BRI

- i

560 5éo 660 éio
R /Hz
(b) 3FSIRM

N AT IR T B SR R AR AT 2k

under different travel wave excitation

SRR
- i

560 580 600 620
BT %/ Hz
(a) 131748
I
————— b

560 580 600 620
WA /Hz
(b) 67742
—
_____ mﬂﬁ i

560 580 600 620
PR/ Hz

(c) 29918

1.0 :
SR
0.8} “oo Bk

0.6r

04r

Wt R AR A /105

560 580 600 620
PRI Hz
(d) 9771%

P13 S AR - 25 AR At 2 % L
Fig. 13 Frequency response curves of alternating mistuned blisk

and tuned blisk

XoF b0 BT 38 R A0 - 25 R B R e 285 1 A ) iy
LRl L& BLLL R AR

1) 38 Rl T W 45 vy A1 e i 2 2 B0+ B A
“Z W REAE, DA B0 5 3 B A A I A 1 Y
o BT R R — B, A [) 0 ) 5 A0 e i 06 {1 AR —
o XTSRRI A 1 B RS AR 4l
F AR R K] 43 R 22 X A TR AS AR 11
BT, B4 F B v i 4% BB 8 R 42 00
RS IR 70 iy LR A0 3 X6 o 1 3 it e P AR
ik, A7 AL 5 P - SRR LA T AR R AR . PR, %
TRAFEASTE, 76 5T E M TR W) A 1 F A
AR 3 59l & A e L4, o o, S ik )
N

2) 2 R F Y 58 B ARG R Bh B2
P B0 AR A/ DN, R S B R 3 Jm R AR
EF . BRI, F 2 Flosii 32 - i i) 38 1 i A 46 1Y)
I 5 g A A5 ) 1o W6 R Ip 48

3) & 3 FRE A B 3 R R A I 6 R B
RHLJE Ay el 8 5 SR A -, R T A 003 3 I 3 )
Ak BRI, B 3 R R I F f BE R R AR
B R i KA g 7 B /N T bR e S 2
T o 31 36 1) 38 A 45

4) S Up R S A L, 3SR HE A AN R
BRAT WA (e 7 ] - A A, RIS A5 AR
(ns RN e NS R N N DL
/I, E AR 22 0 B 22 SN
42 BEMZTEHEMAOMEN KB &

TESCHPES 3.2 AV ET 100 41 BEHL I I AT |,
B NSCREE 4.1 AR 3 R RAER 38R
FEATAS 2] 100 213 0T 3SR R R AL R TS I 4
TSRV ARR AR AT T (0 45 fHh 22,

20250313-7



IR DA

%41

& 14 BT o

3.0 r
. 25} — I
s - — WA
5 —— BEHLZR
= 201 SRR ]
K
¥ 1.0F
j—‘E i
= 05} ;;u- i i o riT
o ; : )
560 580 600 620
BT/ Hz
(a) —13742
3.0 T :
ZERR
L 23 — i
IS —— Wb
2 20r —— SRR
§15-
K
o 1.
iy
=
560 580 600 620
BT /Hz
(b) -6t
3.0 T :
— SR
© 25¢ — WA
= —— BEHLSR I
5 a0t —— SRR
% .
K
o 1.
iy
=
560 580 600 620
BT /Hz
(c) 2194%
3.0
i SRR
>3 — i
20F - K@*ﬂﬂiiﬁ] ]
: SRR+ BB S 9

I H e KA 2SR /1075

560 580 600 620
A Hz
(d) 9771%

14 SR ATI Sk A R A p At 2 x) 1L
Fig. 14 Frequency response curves of alternating mistuned blisk

and tuned blisk

Xt EC o AT BRI A SRR A L B
T 81 2 1 SR A S I 2 0 e 2 A AR T 26
ALK B LA AL

1) FEA R ARAT Bl T, B 28 8 5 0 1Y
BEAIL I I I35 B0 A iy £k A R ] — 5 4 AT
W T A SR BRI SEAR DL, 4TS B ] f
“ZZ U ELUE(E TR SEA AR

2) AEBEAL IR I et B Ry R P AT i T
B2 A5 AR O AR AT WL , B hin SR ALY 1
HLR 8 i 25 1 0 02 1) A8 /N T B ML G 3 o, L0
(B e A i % , X 3 1 28 N S i At — 7 T ]
DA /N B BIL K ] I 94 56 38 W 1z, 55 — 757 1T Al LA
A& W) JI7 WS (L T B Rl AR, 0 — 2l /N i £
F1% 552 P i SO 7 -

3) Z B BEHLK I T B IR 3 = R AL B2
NSRRI ) I RIL 2R A P 258 4 o A7 247 1A K
TR I AN SR R B, HLAE BRI i 2
Wiy 157 458/ AT DR T, BI—-13 9 AR -6 5 4247
PR, 5 AL T I A8 o B K P AR — 2L

5 & &

RSO 2 T Ll R VA 1 1 Pt 258 56 30 M i
RN T ik, TR IR S BLE M A AF T, RS B
T ORI BEHILJC I e 25 S R L 2 14 O
LB HES W Bt i T N CI ESSi Sl A
SRS E, BARLEEUNT

1) B IEEHLIC SIS, B - SR AT R T
F1% 5 301 ) 783 49 DA, LA ) by 24 A8 T R AR 1B,
HARZFE BN BEAIL IS 18 I 58 A A0 ) iy 2447 45 P
e e TN EN L 2 (= 7E S I N TR EE S D SR ERO N
AN PR B FEAS — 2, B X AR A
1 BIHJE U HE o

2) TN A A A B AL 2K T Pt A £
ARAG R 5 SR B SRR AL, B < 2 I
ik, W6 50 5 HL A 5 A [R) A3 - e M g — 2, B
S 7 AT AR T 3 P 25 A 52 R A S 2
IR

3) B AR HE IS , Pp i i 2 R RE AIL G 1
BLAEFR T W ARAT BN (VL 2 3548 A0, i AR
X AR T B4 W S D 903X S8R BN I
B e R ROR E DI G .

4) TESE PR TR v g Bk it 5 5 38 R 30 )
RN, 28 052 AL ) 7 VA AGE T 2 B4 T B
Tl 5 A2 O T 28 Bl BEL T AR /N B 1 O

20250313-8



5 8 3

P B S5 DR A 0T G 1 - A e 1 Y 5

WA, SR L S50 U (LA 5% (g A% m LAk — 2
/> 214 A A AT Y R

BRI A A SR h SCh B B S A L (B

A T, T TR R
S %k

[

(2]

[31]

[4]

w

(6]

(7]

(9]

(10]

(1]

ANDERSON P W. Absence of diffusion in certain random lattices
[J]. Physical Review, 1958, 109(5): 1492.

WHITEHEAD D S. Effect of mistuning on the vibration of turbo-
machinery blades induced by wake[J]. Journal of Mechanical Engi-
neering Science, 1966, 8(1): 15-21.

WAGNER J T. Coupling of turbomachine blade vibrations through
the rotor[J]. Journal of Engineering for Gas Turbines and Power,
1967, 89(3): 502-512.

DYE R C F, HENRY T A. Vibration amplitudes of compressor
blades resulting from scatter in blade natural frequencies[J]. Jour-
nal of Engineering for Gas Turbines and Power, 1969, 91(3): 182-
188.

EWINS D J. The effects of mistuning upon the forced vibrations of
blisks[J]. Journal of Sound and Vibration, 1969, 9(1): 65-79.
EWINS D J. A study of resonance coincidence in bladed discs[J].
Journal of Mechanical Engineering Science, 1970, 12(5): 305-312.
EWINS D J. Vibration characteristics of bladed disc assemblies[J].
Journal of Mechanical Engineering Science, 1973, 15(3): 165-186.
EWINS D J. Vibration modes of mistuned blisks[J]. Journal of En-
gineering for Power, 1976, 98(3): 349-355.

SRINIVASAN A V. Vibrations of bladed-disk assemblies: a select-
ed survey[J]. Journal of Vibration, Acoustics, Stress and Reliabili-
ty in Design, 1987, 106(2): 165-168.

SRINIVASAN A V. Flutter and resonant vibration characteristics
of engine blades[J]. Journal of Engineering for Gas Turbines and
Power, 1997, 119(4): 742-775.

SLATER J, MINKIEWICZ G, BLAIR A. Forced response of blisk

[12]

[13]

[14

[15]

[16]

[17]

(18]

(19]

(20]

20250313-9

assemblies: a survey[J]. Shock and Vibration Digest, 1999, 31(1):
17-24.

CASTANIER M P, PIERRE C. Modeling and analysis of mis-
tuned blisk vibration: status and emerging directions[J]. Journal of
Propulsion and Power, 2006, 22(2): 384-396.

FEINER D M, GRIFFIN J H. A fundamental model of mistuning
for a single family of modes[J]. Journal of Turbomachinery,
2002, 124(10): 597-605.

FEINER D M, GRIFFIN J H. Mistuning identification of bladed
disk using a fundamental mistuning model: Part [ theory[J]. Jour-
nal of Turbomachinery, 2004, 126(1): 150-158.

FEINER D M, GRIFFIN J H. Mistuning identification of bladed
disk using a fundamental mistuning model: Part I application[J].
Journal of Turbomachinery, 2004, 126(1): 159-165.

WANG Y R, FU Z Z, JIANG X H, et al. A mistuning effects on
aero-elastic stability of axial compressor rotor blades[J]. Journal of
Engineering for Gas Turbines and Power, 2015, 137(10): 102504.1-
102504.12.

FU Z Z, WANG Y R. Mistuning and structural coupling effects on
flutter of turbomachinery blades[R]. Zhuhai Guangdong: Interna-
tional Conference on Structural Engineering, Vibration and Aero-
space Engineering, 2013.

FANG M C, WANG Y R. Intentional mistuning effect on the blisk
vibration with aerodynamic damping[J]. AIAA Journal, 2022,
60(6): 3884-3893.

DBl B, FAE . 5 S B E i 2k 1 4 R 0 i R 43 A
[0]. 025 8 1273, 2022, 37(10): 2224-2232

FANG Mingchang, WANG Yanrong. Forced response analysis of
the mistuned bladed disk with aecrodynamic damping[J]. Journal of
Acrospace Power, 2022, 37(10): 2224-2232. (in Chinese)
HANAMURA Y, TANAKA H, YAMAGUCHI K. A simplified
method to measure unsteady force acting on the vibrating blades in
cascade[J]. Bulletin of Japan Society of Mechanical Engineers, 1980,
23(180): 880-887.

(R TR A)


https://doi.org/10.1103/PhysRev.109.1492
https://doi.org/10.1243/JMES_JOUR_1966_008_004_02
https://doi.org/10.1243/JMES_JOUR_1966_008_004_02
https://doi.org/10.1243/JMES_JOUR_1966_008_004_02
https://doi.org/10.1016/0022-460X(69)90264-8
https://doi.org/10.1243/JMES_JOUR_1970_012_055_02
https://doi.org/10.1243/JMES_JOUR_1973_015_032_02
https://doi.org/10.1115/1.3446180
https://doi.org/10.1115/1.3446180
https://doi.org/10.1115/1.3446180
https://doi.org/10.1115/1.2817053
https://doi.org/10.1115/1.2817053
https://doi.org/10.1115/1.1643913
https://doi.org/10.1115/1.1643913
https://doi.org/10.1115/1.1643914
https://doi.org/10.2514/1.J060797
https://doi.org/10.1299/jsme1958.23.880

	1 理论方法
	2 整体叶盘
	2.1 模态特性
	2.2 气动特性

	3 叶盘频响分析
	3.1 协调叶盘
	3.2 随机失谐叶盘

	4 交替错频对叶盘频响的影响
	4.1 交替错频叶盘
	4.2 叠加交替错频的随机失谐叶盘

	5 结　论
	参考文献

