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Diagnosis of clamp loosening faults in aero engine accessory pipes
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Abstract: To effectively detect and localize vibration faults such as clamp loosening in aero engine accessory pipes, this paper proposes a
novel diagnosis method based on dynamic responses of accessory pipes and transmissibility functions. The dynamic model and equation of the
faulty pipe are established based on the principle of structural similarity and dynamic similarity, where the impact of the fault is simulated as an
additional nonlinear load acting on related position of the pipe. Through the analysis of structural dynamic characteristics, the relationship
between dynamic responses and fault occurrence and location is derived and analyzed, a fault diagnosis method based on transmissibility
function is then proposed, and the operating process of the method is summarized as well. The accuracy and practicality of the proposed fault
diagnosis method are verified through multiple experimental examples. Theoretical analysis and testing results show that the diagnostic method
proposed in this paper can accurately detect and localize the existence and position of the clamp loosening fault. Meanwhile, this diagnostic

method is suitable for single and multiple clamp loosening faults in aero engine accessory pipes.
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Fig.1 Aero engine accessory pipe
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Fig.2 Multi-degree-of-freedom dynamic model
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Fig. 3 Multi-degree-of-freedom dynamic sub-model

gk A0 (8) AL B X, X 9) Tt — 4
ME N




1186 w® @I T

[ 5 38 4

[—.Q2mi +jQ(ci + i) + (ki + ki+1)] -

. X (Q) . X (9 _ Li(G9)

Qc; D) ——— — (92 i+ i+ . = . 5
090+ gy ~0% D) Y0y = X )
2<ig<n-1,Q=aw, +bw, (10a)

EEa

|-@mi+i0(ci+ e + ki ki) | -

. . . . L,' ~.Q
(GQc;i+k)Tio1;(2) — Qi1 + kiv1) Tir; Q) = X,«?jQ; H
2<i<n—-1,Q=aw, +bw, (10b)

K, T,,GQ) F T,,GQ) AL b ek . By A% &
25 R Al L a1 e Rz, X (10) H R A 5 A Sl R A
KM AR Ty R L (). ISR (4) iy A B
F1 (L A0 AT

u(®)= ) Bicos@t+p); Bi# By, =201, ¢1#¢

(11)
g K0 1 B st R & A AR Ak, T A5 3 5 5L (10b)

AL B T R A
[~@2mi+j Qe+ ) + (ki + ki) |~

. . . LY (9Q)
(49c; +k;) Tilil,i (49) - (Qci + ki+1)Ti]-3+1,i (G9Q)= m 5
2<i<n—-1, Q =aw, +bw, (12)

o, BAR B 2R A A B

XA M (10) B (12) & BR, 45 6 10 2k 1 2 80
(T 5 . BHLJ@ FRIEE 3R 500 PR35 AN AR, (H B 5| ke 1
B LR 7, 1L 3% oR BORN B AR Ak T ARk, il

= (10) 3250 (12), 7115
- (Qci+k) [Ti—l,i (G9)- Ti]il,i(j‘Q)] -

, on 78 ol | L2  LYGQ)
(Qcis1 +kir) [Tm,i (4§ - Ty, (JQ)] = [X,gQ; - XIB(]Q)] H
2<i<n-1, Q=aw, +bw, (13)

e 3 (13), B I B REAE A B,GQ) AT KL L
LG9 LGQ)
Xi(2) XP(9Q)
[Ti+l,i(jQ)_Ti13—1,i (JQ)] = (jQc; +k;)
(GQcii+kiy) Ti,(GR)-TE,,GQ) .
(GQc;+k;) T (GR) - T, (G2) ’
2<i<n—-1,Q=aw, +bw, (14)
N R A5 A8 b T R S (TE AR sl B ), AR 4t
Il (L GALE (G2)) B 5K (14) 20

. JQci1 + ki
()= ——;
Bl (J ) jQC,‘ +kl

2<i<n-1,Q=aw, +bw,

o, AR o7 FOR A
T 2R 5 4 Aub Tl RROIR A CF A sl ), AR 2k
Jia it (L GR)F LY (1)) A A%, 2 (14) 224

ﬂi(ig):

(15)

L(Q L(9)
X,(i9 X*(jQ 1Qci+ki,
B(0)=— U9 XTGQ) Qe
|71, GQ)-TE, Q)| -(Qci+ k) 2ci+ki
2<is<n—-1, Q=aw, +bw, (16)

Horp, bbr“d” FoR R .

XF A3 Hra (15) Al (16) % 3, ik b 45+ Hh R AiE
it B A ) i B 5 AL R AR AR A o DRI, R 1 R
WK T GGR) T LAE SR AH I iR R AT S5t 09 A X

AL
43G9 = ﬁ—?(’?ag(’g) | X 100;
2<i<n-1, Q=aw, +bw, (17)

Xf 52 B A B PR A A, el T I A R Lt ER
B 1R 25 W S e, AR 2 M T B AE 25 Al Ak T (g R IR
AT B ) B AT e 23 A%, e i T 1)
AN PRI, R AR Ab T IR A (TE A B B ) X
INE ) B2 W PR A D 2 25 (B R B O ) i R T
SELAS L AR A2 W DR Ry 3 T 2 AT
13, UL 25 4 A T RRARAS . 5 =2 A, a2k
BT B 12 TR DR A B S R, 8 B A I 45 A A Tl
PR

I3 Ak, I (14) R RE R DL H, AR N A9 4R AIE
Al AL RO AR . B, X (17) R 2
W PRI 7~ ELAR T D 3 R, 3 A S B i R A2 W 7R
HAEE T, IR RES SR EESHINE ]
BN

£1 BEESH
Tab.1 Key parameters

M Ioyvisliea T, (iQ) TR

c RELJE S Q L/ TR

K Rl B:(2) SERHE
#(1) R Sl 2 ] B GRQ) WAL
xi(n) Rl S R ] B 4G9 IS
x,(1) HF SRS i) X, (9 i A
u;(t) R Sl 1] Ui(Q) MBSl 1]
0] I Sl i ) L:(jQ) MBI e ]

R e 5232 TR 19— B R Y, AR SR G Y i T A%
1B PR A 12 W7 7 TR B R TR AR AN IR 4 TR o

g2 3 [ FEEIPAL >

2

5?%2[ (EReRlE >
v

*/FEBEZ»( i RO )
v

R4 [‘S& R AT Fﬁi@l&‘ﬁ?)

B4 BWirkKRERE

Fig. 4 Operational process of the diagnosis method
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