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Method for Rub Fault Detection Based on Electrostatic Technique .
Model and Simulated Experiments
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Abstract; A new method for rub fault detection based on electrostatic technique is discussed for online monito-
ring of blade rub in aecroengine. The generation process and charging mechanism of blade rub debris are first
analyzed, and then the electrostatic probe theory and characteristics of electrostatic induction of a point charge
are presented. After that a periodical rub detection model is established. The model shows that a series of
characteristic frequencies which decay greatly over frequency will appear in the sensor output signal when peri-
odical rub occurs. Two simulated rub experiments are performed with an electrostatic sensor. The result of the
first experiment shows that rub debris could be detected by the sensor, while the activity level (AL) signifi-
cantly increases and the event rate (ER) does not change during the rub. The second experiment shows that
the characteristic frequency and its double frequency in the signal and the amplitude decay greatly over frequen-
cy. Thus, the validity of the periodical rub detection model is proved.
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Fig. 1 Principle of electrostatic monitoring

2 i il JEE UKL 7 A= 5 e AL B

2.1 il BE SR PR A MR

I JEE 825 (1) ffy B KA W 5 AL el 2 s -
TRy o o T PR ot AR B R ) 22 () 8 A AT A Vi) v
FR TR A BB 1% 0 [ A g o ik B B X < o e Rl
T AL 2 T AL 100 m/ s, PR AR A R Y 2
T (AT 35 700~800 °C LA 1) 3 Ji b e 1 1o
PR, PR A KRR R

TR B R T A P ILA SR
G, WARLTE R T BE B AR T I B 0 3 mT LA B
FI Archard B R .

_pPV
W =" (D

W BB e NBEREG P HEGT VA
TSR s H Oy BEE A i 8 OR R R E

D AT LUF W X F 4 8 1 -1 I
FEER S W JEE I B A0 R 5 A e L Bl R R B
5 B BRORE R 118 B I L

ilf 5 2 7 AR R AR 2 AR R I 0K 7 4 . /NI
L 1) 7 A R R I R AL (6 3457 A 1 2 f R
8, T CHIURE 7 2y U2 H i R ML I i 5 Y i
JEE A J) B ol 8 R0 b il R T AR . i S L I i
JEE 7= A 1) 0K 7 PR AR 38 R TE 40 pm DL

2.2 il BE B L feT FE AL TR

il P AL A A HRL A R 2 % o B KL AE 7
A IR A IR AT AR SR SR i I T X —
)+ R U M H A L EE A T 2 15 3
KL AL i T e B i i P S5 I 2 4 S T N
17 BB B i 22 0 e WA N AL S AR MR I B . A
VKL A A 0 38 . A R 1L B T A 4 0 SRR HL A
JEE A58 FL 77 P T PR EE SR ) ) BRI L
I (14 38 B2 T ) Al BEAF B A G . SCHRLLL 1A
il AU 7 ) ) e v A 5 DR 7 2 I R I R
A A T R R O . PR AR R RS
St v L B A BT AL ) B AR T
BRI Z A0 R 2 rh i) R e g e A L B L £y I
S BRI P UL 9 A L S DR

3 TR I R AR 2R

3.1 FEHMEKFE

% B R K T B2 A5 5 P s oy



1158 iz

EORIE

AU oI URL I BB L I PE BB 2 B
K A TR T 3 K B
X

AT
Aunf/TLgmmf

A G g el il uE P A RN AT (S 55 T Bri
B (B O 1 s, B 1 s KEETHIE —4> AL
msN A GO EHCRFERAE T IR AR REG
G 1 G () LB FOR AR J HYJRN HL AT 15 5

3.2 EHR

F & (Event Rate, ER) I E XK

ER(1) — ]‘ﬁ/[x 100% (3)

KM B —A AL RO 0 7 LS 5 B
i AL K R s MG A K=23N iz
o BoP SRR SR LR,
i B LA 5 Y IE 5 03 3R D I 0 R (Posi-
tive Event Rate, PER) #l fi 2 {4: & (Negative E-
vent Rate, NER),

3.3 HIHSH

B4 40 #r (Shaft Order Analysis, SOA) [+
3 M BURL I 7 AR 2 15 5 il i) B A O, i TR
ol 55 T e T 23 R O Yl Cn i AR Al PR

4 A T L B £ A

NI R GBI 58 5K I R R EE 4y 1
JL A HL A 5 7 T 0 R — U Bl R KO
BER s O BRI B A o fl T At e 2 Y
CHIANR B 250 R R [ 7T RE i I 30 2R K 7 1
R T Ll A 43 A 2 e E O R T Al R I ) O
S, FAT R MR T SOk T BLAR A T — R il g
A 1 A G 0 % L R o M ek e TR
155 o B BRI R 43 1 i TR B A 4 R R T
iRy ii N

AR5 DA L AR HE R D B 2R 0 B
HEL i LSRN £ 5 M Y L S5 S Tl b A
S IE R ) 5 0 HE S L TR U R e P R B
BRI AR A I 57 VR Sl R SR S A R 12
W ASS R 1) J & i ok

4.1 FBARSFER
& q j‘j—‘)ﬁEﬁ’ﬁjsu q j‘jqj’[:;‘al' ﬁ*ﬁé{ﬁ—‘

P T s ARG R 0T T G s Y R g

E=-1 (4)

ednat

K e=eve, e g s TN ARG A HL 800 W E
25 A HLH B e S SEBR A TP A A XA H R
Ko BAR A b HL AT RO Q. A% R RN THD
BN ALl F A a & BB EACE —F ik
SACT A% IR R T L T A 12 3R T A 5 30 T EG P
PR VeS|

Q
AEANE 5

K Ex A XI5 B 7 15 8% 4% 26 1m0 AT
I Ex=E., fX@ MG

Q~§§ 6)

R R A 2 T ) JER N R AT e Q IE Bb T i JR%
HL T g » B2 L T 3 22 ) B B S
4.2 HEBHEHETHEBNES

BEORL 75 A% B % 3 W b Y BN L g R

Qo) iy M W TE Al 2 ] py &1 2 TR B L BR R

Pl 2 R DAy i A5 el () 45 25 P L 5 C DA 0004 ] e )
SFRA

@oG)c::RH a0

P2 e AR O

Fig. 2 Equivalent circuit of electrostatic monitoring
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Fig. 3 Periodical rub fault detection model based

on electrostatic technique
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Micrograph of typical rub debris
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