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Research on fan blade crack fault identification based on tip timing

Sheng Changwen, Jiang Yongzheng, Huang Lei,Zeng Liying,Su Bangwei

(1. Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment, Hunan University
of Science and Technology, Xiangtan 411201, China; 2. Xiangtan Industrial and Mining Electric Drive
Vehicle Quality Inspection Center, Xiangtan 411201, China)

Abstract: Fan blade is a key component of wind turbine, and its crack fault is particularly common. The presence of cracks can cause
damage to the blade or unit. Therefore, based on the tip timing principle and analysis method, a method of fan blade crack fault
identification is proposed. Firstly, according to the principle of tip timing, the influence of blade crack on tip offset under load is
analyzed, and the mathematical model between tip offset and tip offset time is established. Secondly, through the simulation analysis of
blade tip offset degree in different states, combined with the mathematical model between different working condition parameters and tip
offset time, the crack characteristic signal is identified. Finally, the results show that the recognition method proposed in this paper can
successfully extract more than 92% of the characteristic signal of the crack, and can complete the extraction and analysis of the crack
signal in real time, indicating that this method can realize the real-time recognition of the crack fault.
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Fig. 1  Principle of blade tip timing
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Fig.2 Schematic diagram of blade deformation
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Fig.3 Schematic diagram of blade micro-element
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Fig.4 Simple diagram of a blade with cracks
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Fig. 7 Schematic diagram of simulated crack region
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e i [ S e
ELONTEREME e R
m 18 - &

817 B 08) .ooe- DU e
E 6 =
S e Eo4
£15) .-
14 0 )
56 58 60 62 64 66 68 56 58 60 62 64 66 68
B3 /rpm 38 /rpm
(a) HHAB2 i A X e (QLENEEE)
(a) Relative offset of blade tip deflection (b) Tip time interval

11
Fig. 11

ANFLARZS I e A X i 8% 12 B st (] [ B
Relative offsets of blades in different states

and their time intervals

HI P 100 0 Fog iy R 8ot e 7 KU
LA B R DR /IN— B, 52 AR 5 A2 f B e
AFFEZES . M R A7 A RAU, I be A2tk 22 57
AR, HLBE A XU (1 9 2 Sl B 8 7 o — 5 1S
DU, i A B, iy TR A, AR i B et A
A, AR S E T 1N Al B A5t 78 A R, ISR B[R] ]
(PSS

4 SCISISE

4.1 ZIW/HE

i TR, T 8 — 25 B UE A B IT B 4 R 1) o
P F KR 0. 89 m /INELAY KALER i 36 &5 2847
SEOG, W 12 FoR 3 AR A H AL e R B S

AR RBERe . e T fE R S AR R R TS HOL 2
TR, 73 B TE X I AR FIARGER , AR AL AR b s
PR , 2R — 7 ) 0 AR AR A A S R AR i 1
SRR A S T W B A IR RV 5 2 R A AR R U
TR T DM BB A K A R 8 Y R ) A, ) W O A Rt T i
AR e s T 41 B B[] R ] 22, 5 i 7 1 B
SUHCBEIN B B 22 A8, RIVAT RASIE IR A AR

il
IR

PR _EALAL

K12 fi s KL &
Fig. 12 Simple fan experimental bench

4.2 RIEFRRITTE

LR AR B S WML LSS & I /T 7 H —
HRBRATAAIE f3) FH T 22 288 BOCAL SR AT | PO A% I i 1
IFIE]A 1.5 ms, AFDLEE 6 B B8 Ik e85 - T 40 em K5 7



541

B SC A BT IR SE I A XBILI R L B0 R U B 5 63

AME AR 53 9 IEXT 26 IR i A2 e AERR AT b B 1E %
2RI AR 1C Ry AR SR A5 | T X6 I AR ) A% JER AR 1
T A SRt | SR ) I AL T 002 i, i ) 2 iR
R 10 ot o i R E R B B RIAE R g,
B 13 PR,

K13 A2
Fig. 13 Blade crack location

L

TEME e AR v, 25— i 1 B ik i AR AR o 1 %
o AT A s 107, P e S S A 00 81 - - 3
ISR 17 OIS 18] A5, SR FH RIS 4R A R A% g
FIBRE 1 I I I B A% 28 AL, RO AR AL =4
W, T e 2 it e e B A 0 55 S o 52 ) I 1)
7, (] Matlab 2 5 B2 5, SR I 8 67 05800k X T
JIT IR AT L3 1y , 4 3RS I e 80 £ RS 11 i ]
A, LA B A 5 A T 04 A ) s g e 5 0 3
T TINBCHE XT EARE | BT A5 B X2 0 e AR AL IR
AL SRS T A3 F) RF 143 172 s , BsF 18] 1] o 22 B I 7 A
Feshatn e 14 Fros . BE— 5 B 2k i fL
SRS A [ ] B, A5 T 3 ) 4[] [ a1 5 %
P A EDGERIBORE K X5 I T 3 A R 4 1 18] 18] g 23 531
ek, IS 1.2.3 SR,

167 LT
16.2 150 FEAERREL
1571 X7
y1525
152 | ~
© 147 il | | \ il
E§ 142 M‘ ‘}h)(SO | ” H \ ”‘~"’”. \|H
E 137 ‘M Ly 135 | | “‘\ it \H“ i \“
E 3, ]\ il M [ U“ H‘ A A e I
1274 H'*’ il t"l (Pks
12 ‘ i
lx3
7Ey 1175 _ ‘XIH() ‘ ‘
U207725 50 75 100 125 150 175 200
A R FR I B
El 14 F—nt fEERECS & R B se et
25 I 2Z2 18] e s ] ]

Fig. 14 The time interval between when a certain blade

has cracks and when all blades are intact
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Fig. 15 The time interval between the tip and root of each

blade when a certain blade has cracks
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