Jun. 25 2013 Vol. 34 No. 6 1474-1484
Acta Aeronautica et Astronautica Sinica ISSN 1000-6893 CN 11-1929/V

http: /hkxb. buaa. edu. cn hkxb@buaa. edu. cn

doi: 10. 7527/S1000-6893. 2013. 0080

TRAL BRDT, R, £, FARS, BE AT, LA

1. , 210016
2. s 110015
b ’ 4
4 100% o s
: V2 : A : 1000-6893(2013)06-1474-11
b b b
N A} b A
o b
’ ’ b b b
b
b b o
o Y A} b
[1-4] [5-8]
b b ’ o
[9]
o ~ N b
b b o
o b
b b
’ b
b o b b b 4
: 2012-05-29; : 2012-09-05; : 2013-01-24; : 2013-02-19 14:36
: www. cnki. net/kcms/detail/11. 1929. V.20130219. 1436. 004. html
: (61179057) ; (613139)
* .Tel. . 025-84891850 E-mail: cgzyx@263. net

¢ YUMY. Chen G. Liu 'Y Q. et al. Aero-engine rotor-stator rubbing position identification based on casing strain signals. Acta
Aeronautica et Astronautica Sinica, 2013, 34(6) . 1474-1484.

. 2013, 34(6): 1474-1484.

. .



1475
4
12
4 ,
N /4 1
’ ’ o ’ € 5 €o
’ H Rl ~ Rz ~ Ra R4
° H AR] N ARZ N ARg AR1
1
o
L1 €
R+AR, R+AR, &
' | 0 ¢ ©
[10] , 1
l, r , A=’ Fig 1 Schematic of full-bridge connection
O Mo A ,
’ R = lp/A ’
) ’ 1,AR AR, | AR, AR,
e<)—4<R R + R R )e‘l. (5
_9R,, L oR oR
dR = aldl+aAdA+apdp (D , (5) AR,.AR;
R =lo/A ; 1/4 . (5)
o ol / AR, . AR; . AR, R
dR = £d1 — £5dA + do @
A=m?, dA/A =2dr/r,
dr _ dl
r A - ,
dR = £ (142, 94 9 3 o
% - ¢ ; glg - TFCE ’ ’
0
€ 5 Te ,E ’
. k=042 +mE . dR= (1+20e+ 1/3; ’
r.Ee., 0—2—0 .
dR
c k



1476 Jun. 25 2013 Vol.34 No.6

. /41
. S1/4 10

AR, » AR, s
1—Compressor casing; 2— Turbine casing; 3—Rubbing screw Strain e CoOnverter | | NI9237 data
terminal acquisition card
2
Fig 2 Rotor experiment rig of an aero-engine s
& P & & Rubbing position Support Strain mean
dentificati vector . = PC
identification Gnehins features
4
s 4
. Fig 4 Flow chart of rubbing position identification
. . 4 .
3 o 2.2
[12-14]
1:
b b
5 o

1—Rubbing spark; 2—Rub through spark
3

Fig 3 Rubbing experiment of the rotor experiment rig of

an aero-engine

’ o 5

21 Fig 5 Pasting strain foils along casing axial direction

H

NI 9237 o



1477

3
31
b
b b
b
4
b
N N A b
1 500 r/min 4
3 H
32
b
(
1—Vertical upper rub; 2—Horizontal right rub; 3— Vertical lower ) N N
rub; 4—Horizontal left rub; 5—Upper right strain; 6—Lower ~ 80 ° 8~
right strain; 7—Lower left strain; 8—Upper left strain 15 . 8~ 15 ,
7
Fig 7 Schematic of positions of strain foils and rubbings
“_ cee ”»
10 kHz, RN OGN ,
R=120 Q, k=216, N >
e, :Z 5 V, ~ o
: @ (B D =
b
Le, . . 8~ 11 . 8~ 11
e = — 6
ke .
6 s 1 o
1
. EX
Table 1 Experimental data E
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Table 2 Rubbing position identification average recognition based on strain signals of Project 1
Test Training Test Unknown Training Test Unknown sample recognition/ %
method sample sample sample sample sample The first time  The second time  The third time
numbers numbers numbers  recognition/ % recognition/ % experiment experiment experiment
A 159 161 640 100 99. 63 88 84 85. 74
B 162 158 640 100 99. 88 97. 38 85. 99
C 161 159 640 100 100 75. 31 89. 52
2 ) ,
’ ) ’
’ ’
’ )
’ °
, 2) 2
o 2 ,
, 10 , 10
, , 3 .
3 2
Table 3 Rubbing position identification average recognition based on strain signals of Project 2
Test Training Test Unknown Training Test Unknown sample recognition/ %
method sample sample sample sample sample The first time  The second time  The third time
numbers numbers numbers recognition/% recognition/ % experiment experiment experiment
A 161 159 640 100 100 100 100
B 158 162 640 100 100 100 100
C 159 161 640 100 100 100 100
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Aero-engine Rotor-stator Rubbing Position Identification
Based on Casing Strain Signals
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FENG Guoquan?, WANG Deyou?

1. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics s Nanjing 210016, China

2. AVIC Shenyang Aero-engine Design Institute , Shenyang 110015, China

Abstract: In order to effectively identify aero-engine rotor-stator rubbing positions. an identification method based on casing
strain signals is proposed. Two experiment projects are proposed and compared. One is to paste the strain foils along the
casing axial direction, the other is to paste them along the casing circumference. A rotor experiment rig of an aero-engine is
used to simulate rubbing faults of different radial rubbing positions. The casing strain signals of the rotor experiment rig of the
aero-engine is collected and the strain mean features of the two experiment projects are extracted, which are then input into
a support vector machine to identify the different rubbing positions. The results show that the strain mean features based on
the experiment project which paste strain foils along the casing circumference can effectively identify the rotor-stator rubbing
positions of the aero-engine, and the recognition can reach 100% . But the strain mean features based on the project which

paste strain foils along the casing axial direction has a lower recognition rate.
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