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Analysis of resonance margin of aero-engine turbine blade

based on campbell theory
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(Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: Aiming at the problems that the resonance characteristics of aero-engine turbine blades may lead to fatigue fracture
and vibration failure of the blades, this paper takes a certain type of aero-engine turbine blade as the research object to carry out reso-
nance margin analysis research. Firstly, the vibration characteristics of the blade are analyzed simultaneously based on the test self-
hammering method and the finite element physical simulation calculation method, and the correctness and practicability of the model
are verified by extracting the modal analysis results of the first six orders of the blade under the two working states. Secondly, on the
basis of the existing model, by drawing the Campbell resonance curves at different working speeds and combining with the actual
working parameters of this type of engine, the check and analysis of the speed resonance margin is carried out. The rotational speeds
at which resonance may occur on the blades are analyzed and the optimization and improvement plan is proposed. This method mainly
provides sufficient scientific basis and methods for the preliminary design and manufacture of the blade and the resonance safety in-
spection.

Key words: turbine blade; modal analysis; resonance margin; finite element

Wi HEH: 2022-05-28; fEEBH: 2022-06-11
BEEWH: His Rl TR HLE KL 15 (J2019-V-0006)
IR WAk, R, SREE, 4. ET Campbell BIE BITAS L SIHLIR I A LR A4 T ]. 3T
M A, 2022, 42 (4): 42-50.
Citation: TIAN S, WU Y H, JIAZT, et al. Analysis of resonance margin of aero-engine turbine blade based
on campbell theory[J]. Metrology and measurement technology, 2022, 42 (4):42-50.




iR HBit5HE - 43 -
0 35 1 EESHERER

=S R shHLR R AR . 222 RN T e
P ARG Z —, WAERs v, TRET
Mbess . AERSEIE . PEHIEOR | I SR |
FHRLE R & T 28 AR Z e B R ARG T
itz KB HLE IR BB B 55, S PristT i 72
SRS AN R SR SZ AR A Y, R A R 2]
I OB TR o MR N L 25 A2 S AR A% O 2 A
Wz — iR A i, s s TOUER T 2R3
TR 7 A B B e . SEBR AT AR R w i
R AR R AR A AR B B o . BRI
ML T BUN IR AT A, i BURZ 3R I8 IR Bl
Leimig it A B A ARG A IR L e Pk X Bk
SERAT . UTLRARSR, B K Bl AL R IR] A A 5K
HBL, ARG R GE T i, PR S BLIR 3 2k 8%
SR B S 2 b R S LA R R 60% ., TRt
B4R 3l S B % R0 I R Bl 2k A Y
70% 2 % ', W R RS BRSO B AR E
IR S K B RIL AR BT v i Ay ™ ) ) R

A A 2 e s AL B R R s T R 5
PrRACHEAKE A O 220, JCHJE I Ae I S5
LR FR A 2 4 Bh 5 0 14 T AR A A I I T & S LSk
PRECR, BLE OIS S shAILE AR e JE i 1 ik )
THLSTUERT . DA I 38 V)5 B I 7 A [ A Ik 30 -5 30
T2 W o R 2 AR R R AT TR AR T M4
WERILIRIRFE MR B B . R sh L s M A
AOBETE . Pk BEITAl Ak B 02 4 kT SE A 2R
S

A SR A 122 A A2 1 0 B vk S 2 ) PR 1)
FOFREIE S &, TR 58 Bk i 7 IR sl e PR A9 23
Br o BE TR M AR S 0 G K Sh AL T AR
FregdRsh R, SR AT b A WU R A S
ANSYS BPESR fif (9 45 R BEAT R 0] 4 L, PAB UESKR
fifp 7 5 9 T FEAE LA K R B ARG 5 B . R
BRI R AEAS 00T [ A R AR S R LAY
S5, 2l AN R MU B Campbell 181 7, JE T
LIRS T, S INE S R AR fE R B T AR
BRI T 00, B AR O A . X e B L
i e R A 4IRSl B 23 BT AL RE ST B AT B0 Y
R

X e I R FEAT RS A M RN T RS
R FEvE, HARSBIS N T R G A5 BT
FA R JEdE o, i BS abr EEA R A S
[ A A0 23 1 AR A g B X o7 IR R 2K, AR S
AL B AR S 0 BT 1 AR BIS B 22 TR e A A PR 3D
TR
1.1 EESWELRFEE

A ST GE R RS s R EhHLIR FE I f
HAR R — D ES A 2 il & 24450, FM0
IR Ir R8N 25 . Wik, T2
28 B A B SR A I — A S B T S
M Z A MRERS . WRIEARITME ) #in
Tk, %E H W LM R R G A B
TR A
[MX ()} +[CUX ()} + [KHX ()} ={F (1)} (D
Kb (M2 B WGk 1 22 5000 ot i 6 B
(CIRBLC A s (K] ARIBERRE s X () Ao i
WK s X (o) Rl BEm R 5 X (¢) MRS NG5 F(t)
R AR

WHEAF T, BT S TR
FELJE A IR Sk ok AT oK M . s ol T, =8 (1)
*%MHMALMWM#M%OOE%ﬂ%%%
MR 5 1 2R G0 YRS 0 B 1] A Ak A SR i R AR AR
SFHE SN, N

[M{X ()} +[K]{X(1)} =0 (2)

B AR

{X(0)} =[X,]sin(wt + ) (3)
K o HZ AMERGEEATRE; [ X,k
WA, Bin4Ens). 0 (2) M (3) #F17H
H, 15

([K]- W[ M]){X,} = 0 (4)

FEE R, MZRGEHAT A RSN, R
FERE A RUE, R v SR ERE AT DA 5345 2

Det([K]- & [M])=0 (5)

TR (4) Fx (5) X, Al o® 19K 0]
R — AN KA SCFFAEEL A (R, W)X n AR 7]
530
([K]- 0{M]){X'}=0(i=12,n) (6)

i

i



<44 - BES5HE

202255 42 % % 4

MR Hra R Al LU Y, RS A i A
T 52 T g — A [R] 25 (8] T 2% R 1 4 Ak
A, ARG MR T B A W) B AR AR A T
JC i GBS AL AR BB A XTI, BT LR i 57
f 07 RE L IR SR, R 0 i 1 P R G R A
SSE o, WKL R AR SR A A0 R R D A
AT, MR RS HUE BRI AR S X 4
AR PR A, SR 28 6 17 1) BRI TR /N I
TSRS, FIEAM IR B RS, S {y
HEIA B X oy, W — s &, — e
2 B i B IR S R G0 B b AR A
AN A IR LI R

2 REMFH B ANSYS ST

ANSYS A B 5T 43 81 R B0 30 A0 0% 5 1 % 22
SRR G (LSRR AT ) SEATES AR, AL
(5 L350 B % G2 02 R RS Ak sl i e it
A, RSB ik, 58 BOS I R B 45 4
B, BT ANSYS-Modal BEEe 3R ES | 58 B it
F A RS i 5T
21 EEER

fitZs & sl e it & — > 2 M i 2 4454

PRI RESE, JFAEm w8 Jr 1) 47 76 W] 2 9 A8 A 3
fifk PR3k 2 [ea] R SR A0 25 K S BIL I8 A I 1 A A G
B NS Sh— T A B O3 BT i B R 8 S O
Z A2 M S A AE R, BT LATE RS2 LT BT
R HIMERIESE . S8 B B 7 S5 A 2 i 2
35 SMES LR A, Ak 1 i .

K1 S
Fig.1  Structural model

R REAR SRR, TAEARRER
B, PRZ AR BT IR 4, AEM il
W e e R I m iR A M kL, R Ay 1k
(2RI E M 2R A =R AN ISR S0 5 L RN S o
MR PERES BN R LR ), Hp Rk R 50
TR S A TRE  THE AR, £ 900 CAEAT
W, 2RI MKk 2 Bk 3] 15,48 x 1070, M F K3
25.24 W/ (m-°C),

K1 WS R AR SRR AR

Tab.1 Mechanical property parameters of turbine
blade materials
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Tab.2 Natural frequency of turbine blade under different working conditions

Pras R 4 s

[ A 4514 /Hz
13
0 r/min %3 1000 r/min 733 4000 v/min #8000 v/min F%3#£ 12000 r/min F53# 14000 r/min % 3
1 863.69 945.2 947.3 951.2 954.2 960.1
2 3100.00 3360.8 3382.7 3397.5 3409.7 3422.1
3 4008.10 4186.6 4198.9 4210.3 4228.8 4239.3
4 4738.10 4900.4 4914.1 4930.5 4940.5 4951.2
5 5925.20 6451.3 6466.3 6472.2 6489.3 6502.5
6 6558.90 7939.9 7950.2 7960.3 7975.9 7983.4
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(a) Ist mode shape
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(b) 2st mode shape
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(c) 3st mode shape
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(d) 4st mode shape
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(e) 5st mode shape
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(f) 6st mode shape
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Fig.4 Modal shapes of blade in order 1~6
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Fig.5 Modal analysis test system

32 KR

R TR B SR TR, R L E A
S b, s EGSON T, 2t i
PO A% 20 B ab BRA P b, IfAE I SR T
T 135D A5, Fe BRI B B R HRRHES, a0
6 FTm o HMUT, K55 10 S AR i e
4 e 07 £ A 1 A SR AR Y e A U R —
el 0 St o5 IR AR A RS T 1 R e A
YE R is o 5 RERE | SEEMERE, #t
T AR BG5S VE i W55 5 RS 1
SIEE AR . R e 135N EE R,
PRARN DN S A e 2 il 3k DL L, MR RS
2 A BTSRRI A - 2 B eR A, T4 )
SRRt SRR A RO SRR, e
RIS AT 5 53 B AR BT 7T 6 B i3Ik sl 4 %
HRAL,
33 RBER

Fie L3R Ty vk R R BT s e shpL i e i
TR, 515 B AT 6 B fU RS IR A4S
R 7 s, W BB A R S RN R 3
B

R 20 I 2 45 R 5 O 25 T ANSYS

Ko BIALL oM

Fig.6 Model test point distribution
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Fig.7 Test results of 1~6 mode shape
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Tab.3 Modal natural frequencies of blade in order 1~6

(1976 AR /Hz

1 890.7
3500.0
4100.0

6003.3

2
3
4 4832.5
5
6 6700.0
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Fig.8 Comparison of simulation results with test results
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