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Blade detuning test, mistuning identification
and model verification of blisk
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(Aero-engine Thermal Environment and Structure Key Laboratory of Ministry of
Industry and Information Technology, College of Energy and Power Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The blade mistuning identification and model validation for an academic blisk test piece
based on the blade detuning tests were performed. Blade detuning tests were carried out to obtain the
‘blade-alone > modal frequencies of each individual blade of the blisk. A guideline was proposed for
determining the position of the detuning mass onto the blade. Secondly, a novel mistuning identification
method was introduced to account for the residual inter-blade coupling effect due to detuning masses and
yield more accurate blade mistuning identification results. The impacts of different detuning mass and
positions on the blade detuning test and mistuning identification results were investigated. A mistuned
blisk finite element model could be further established; the mistuned blisk model was experimentally
verified by the conventional modal test. Excellent agreement was achieved between the numerically/
experimentally derived natural frequencies and mode shapes of the blisk. The majority of the frequency
deviations fell below 0.3%. Results showed that the novel mistuning identification method improved the

accuracy of the blade mistuning patterns directly obtained from the blade detuning test results. The
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resultant mistuned blisk model can effectively reproduce the natural vibration characteristics of the real

blisk test piece.

Keywords: blisk; blade mistuning; blade detuning test; mistuning identification;

model validation

— AT B R AR BN R T AR e B
BT P BOME SR A PR, R &
SR U TR S A BT B i Al | A
WT7 1) K IR B . R, R T R 22
32 A7 A0 A5 DR RS, A AR I 25 R 2 R [ A
MR Y AN 0] 5 G M A7 AR /N 22 5 (R 2R )
5 K .25 W AR 2l Jm) A B G i 3 4R 2 i
KA iz F 2544 BELJE AP (i A5, 8 A - 2
i HBA TR S AR T AR B S A A 1 R
B KA G PR 55 R OB IR, n
AR YA S S G U R A I 5 O A R S AR R (R
S5 Eh 12 o M SO RO R —

(PSR YN F#RE L PN S R A
RO ARSL R - oA 903 e A N A, T iR
RUGRAFAL ) B LAl 2 B0 AT AR I I sk B
R PRI ZEAS OB REIE SR, S AR RIE 2URY
R VR A B R B ) g A A o e T R
i ARAT I BRI o A, It — 28 S 2
P AR SR AR A 1) 22 S A A, AT S5 B Y
JAEHERE . EaR I BERUR TR 3l SR
T, X g AR S 2 B iR 22 O U . LI,
PSR 0 G T R A I 58 P A 2 i R R ] A R
AROT M 7 JE PR A TR SR, B fRnt
A B BABSEES AR I, ik
TR ERS B — PR T X — B X
AT A 14 BB A2 I 3t X A AT RO R Ok
TR R 2 A4 BT A B AR Bl R I 2R R A 2
BEESBOR B IS AF SR BB R AES . B RY
RIEHRRIT T 2R FH A 2% RO T Il e BT
Ji 22 i AL LA B DAy o o 00 BB R - 24
RS EUT . BBk UL, B TR AR SRS
IR By 50 AL 2R F) i R 38 R ) A ) B
AR b AL PR A B A

UTAF SR, — P i B AN TR < BN I R R Bl
03 L G ) 5 IR ARSI 55001 3 1 73 A1 )R 2 5
FATRBOR B 2 1 T ARSI Z g i fig
TR B, A O R AE R Y BT A ASM AY
Jir A AR DM R TR [ B4 A 3 o i, LAY R Al
DR PR 254G B DB PR R BR R o SR 16 S i DU

T G ) S Rl ek, AR e 25 ) SRR 3 R B
ARG £ b Tz A, (R B H S B g
Fr A RBNREIE . R g IR Sl a0 R 1 2R AIR,
AR 2L BRFBCIR I Ak PR BR, AR5 PRI O R
W BT A < B I B B IR S RO i — 2 T
X IO PR A AR R A S0 A

SRMIZBA Hh, G 2 i e i sl i 37 21 1Y
“EAASTIE R IR S AR SRR R TS A R A B
RS AR Tl RORUSE i << i e 2 4
JI A SEHERT A A LR M i A R, o A
A RS @A s o BRI T A e,
Z [ A Fe B A A AT IRAF A —E R b 4R S
BRI o AR TS ESR UL, KB IR B
R A5 A8 v 4B S Hh R AN IS AP0
SCHK [23] R ELA5 AR 1, )5 AR 5 3L
o7 5 S50 Ao R VIR S I AR A R AR
WA AR ER A AR i, AR SO
EIT IR T — 0k BRI e 35 ok ) B AR i 25
AR TRIIR B A 5 2800 e AL VAL BB vk . %07 ik
B R C 22 i O FOAK B SR 2 1 800 1)
BERY,

AR SCRE i — B TR A T R EE T A Al ik s
T A A 3 SR HE U R AT 5T . 0,
Xl e A 26 1 T R i A i R 3 03K
B — b BT A i 385 o A B T SR D5 A It S
b B BRI 5 ek ) R R I 2 A (] 4R
SRR ROV AR AP AL I 7 3%, DLAR e B AR R
AT B AR I HER s R, IR TEA [
figp o B L B X R AR I A AR Sl R
A B GE SRR R, LG IE i i 1 A
HEN, JF fie 28 57 O I B T I AT FROTRE Y d
Ji X e A 35 T e L A R 2SI, A X %
BEAL A RO FAERA PEEA TR A
1 BEMEHAFRBERSIVURKS

KiEPHR
ASCLLE 1(a) T 0I5 A A B R i 4

I R x5 W F i 15 DR/
R (B 95 1~ 15) KL KRR A 5 £ 41, okt

20220267-2



533

BSOS B SRR ST PR SRR A

BEAE A S, R RIE EE M T AR N
/I Y 22 S5 BT R

XF E BT AR R AR A A
Fi DX UL ] 1(b) ) AT RS 0 B0 A, T 3R BRG]
AR, W 2 s R B A A
15285 1 B A8 AH L 19 #8548 X (coupling index, CI,
IEH 1) (BRAL: %), DA XS HE - 8] 9% 3l R 5 4500
SR AT AL RAE o BRI 25 I ) R SRR B 2500
FEP A T SR EZ RN IRSFEE RO, 8
B WLEE I A Sy B R A AR A A X I -
B A ARLE R R S BRI AT 3 2R G 4R 80 &
5, 2 W RN LR R E R AR B BT RY
FREE JIT ATARA SR U, B BT AT I B P A
EUCNAE + E, AE I SVERIR U NMESh & o Bk
JIGH) T I A A I B A S I AT BRI T E
XF T EAR Al R S R AR SR, SR AR
S (18 1 el AR 2500 38 AR 7 b 1 R, A i P 1
HNT+AEJE ., Al 8 32 5 1 B AR i S48 250
RWAZ . SEbr b i T -4 R sh G %00,
R ARSI A B AR A T b A T R S 1 10
ZIa o BET BRI, B AR AR I RS S

|

(a) 29 (b) BOHA FROCHER

I N R A i

Fig. 1 Blisk experiment piece
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Fig. 2 Natural frequency-nodal diameter diagram
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Fig. 4 Blade detuning vibration test
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