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Method for measuring average blade tip clearance based on root mean square
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Precision Measurement Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract ; Online measurement of blade tip clearance provides important data support for the performance evaluation and fault diagnosis of
aero-engines. Most of the current clearance measurement technologies for aero-engines focus on measuring the clearance of individual
blades, and no airborne application cases have been reported. This paper addresses the challenges associated with the capacitive blade
tip clearance measurement method, such as high computational complexity, data redundancy, high sampling requirements, and
difficulties in solving for the average clearance. A novel method for measuring average blade tip clearance based on the root mean square
(RMS) of capacitive sensing signals is proposed. A blade tip clearance signal model based on RMS was developed, and the relationship
between the RMS value of the clearance signal and the average blade tip clearance was derived. Simulations were performed to verify the
impact of noise and time parameters on the RMS value of the clearance signal, and signal processing parameters for blade tip clearance
based on the RMS method were introduced. A scaled blade model was constructed based on the constant duty cycle principle of the
clearance signal, enabling dynamic calibration suitable for the RMS processing method. In-flight tests were conducted on the compressor
of a specific aero-engine to validate the feasibility and effectiveness of the proposed method. Experimental results show that this method
achieves average blade tip clearance measurement at a sampling rate of 10 kHz, with measurement errors less than 29 wm compared to
traditional methods.

Keywords : root mean square; average blade tip clearance; capacitive sensor; dynamic calibration; in-flight testing

ek H 3. 2024-05-11 Received Date; 2024-05-11

# AT H  FHR A RFHFEL T H (52205573, U2241265)  H E A5 RR2E 3410 H (2022M720106) | K E K AR QBT E A B & )8 1
T T H (2024XQM-0012) | A 25 M AR B AL 2 4 B H R 5206 3 (RS ) AR BUNRMIF IS 330 3 (Pilg2304) | [ KB 5 K % 351 (12022-
V-0005-0031) 3 B %5 By



513

BT R S S BT RGP 2 2R 8] B 7 1 - 81 -

0 35l

il

W (1] Bt S 25 & s BL BT 15 1P RE DT Al 19 SC k2
B AR A A i 2 K sh LT R 36 UE LA K g 5 12 Wi
PRAL T RO SR B B AR ) BRI R R
AR ARETY IR IR LR U
Fefipe ' v 2 et SR ) B ik T LT R PO
il AR AR AEIL S, 2RO T el RIS K BBl 2R
(] B A

P i) 00 £ 4 S B AT oy 2 B ] B 5 14 055
KRS b B8 B 2= S s HL A e e s L e
SRR L7 ) A i, A shBILEL i R] ik 6 JT 5% B R R
BT O TRV S A AR G 1Y SRR R R
CRLES NG/ TR S

(R N R I v 3 L = b0 N =i
oy R AEAT I 2 (1] B A BT R , S8 a8 o o >R 4 1Y
BE AT RO IR O EIRLLS S0E A5 B (8] B A5 5 1 i
WA L, AR R 1] it - e (L A A e B 2R AT BT

[l YA EE T T B 54 B A BIF T 4R A X5 5 %
P WAITEMRER L Haase F A1 R 17 505 515
9 AD SR I ERENS S D TR S BR B , A 1Y
S ALFRA FE ) 5 Satish S8 A P (A ) Fb 3 6 2R
] B5 5 ELAEAT AL PR, AR T RAE R A 2K HJE %75
LA BAR, TR HEAT R AT I 2 1 B 0 X
TSR L T T A (L 1Y R ] B AL B
U 0P 1T R i R B (L U e A X 1551 1, B2 v ] Bt )
FORTEE ARG AG O e SR AR T T I AR S
ZINIE PR (LA F) T 1, A A0 A i e 17 T A ] 2 0 )
JE o X E N ANSE T AR a] B R i 5T R R DU B, —
J7 T, A AORIEZE G A Xk A I A P ] B A N
REREAR T, B A J7 12 e JEE AR T i3 G 38 14 R A I
RITFERUE B AL . 3 —Jr T, B3 S brfi s & ghpl
IR 5C T A P 2 18] B LR AL 280 AR S [ A 5

FGE RIS 5 A BT I AR RGN R
N 215 o R i 0 A e LS ot i )t — 5 I A% ¢
2R 8] B A5 Ak B 5 R MO R L 1) A5 SR S R e 1)
IEWAUG T, 5 — T LS A S HILEL AR 5, s 150
JEE Ll TR A A i SRR E

AN AL Geirt 2R ) B A5 5 Ak BE 7 1% 108 B 22 )
B, 7 A A I B A5 O FLAS 5 A 35 A 5 AT
PG IR A T RIS S B T X RN b PR G4
T B REOR AR T RGN AL RIPLER, A K
SIVRILIE] B 2 A0 RS 36 v T OG- M ] i, A
RIR) B AR A B 7 35 14 [ B 50 A7 S 247 2 1o

Fit, XA IR PAFA FE

FEXT RN 5 1 oAb B 75 1 158 4 K B O
AR TR R EESR DL S Y- X 18] B ffp X £ 1) 30, 1 e 7E L 25
T2 [R] B A5 5 AL g BE il [, AR 1 7 AR AR i 2 4t
S T ETF AR (root mean square, RMS) A9 HEL 25 022
(IR AF S b A AL B AR AT TSR B R T
(] B A5 5 1 28 7 ML 55~ ] B O 2%, AT 1 I ) 2k
{7 5 W 75 X AR 5 1 R S R LA AT, T RMS-DC s
SR TR AR R 5 A RMS AL B, 5 T 5 T ]
BAE 5 o a5 LUANAE 19 A S HIL LS M B4 LU AR SE 0 T
G T RMS {5 5 AL B 3285 R GE, THEBIT S &
I AL AT AL B ES, SE B T X T s & sh Bl
47 ) 5t 14 g R, AR 5 1 T AEARCRAE R A A5 0 T 52
OIS IRy 22 I R ol N 1 N = 2 B i = =
BEIIAFE /N, 0 T4 () Bt ) S 9 LB F 52 B AT 8 R T

1 HEikEE

L1 BAEXMHRERERSRESKRE

HL A SRR S B [ it ) i T e o e
i T -5 A2 SR AR Sk M B AT A L A i, T IRT 1 T | 225
FERLIFEL A RE I 9 12 SR 1% K A1 0 728 HL 0408 18—
B, et i R A R 75— AR T et
By AR AL R, i 5 A SRR R PR A
K S A IEL 1 B 74k, 283 X o7 1 7 B S 2
fH TR N B B RS =

C

R ) PR

B A s S DN A ] it
Fig. 1  Principle of blade tip clearance measurement

using a capacitive sensor

Uy(t) =K, - C(t) (1)

b, U, (o) i B0 A % it A IR I BRAR 5, K
HL PR AR, C (1) MRS AR,

T AL SRS AT It 2 ] Bt i i, A SRR 5 i
S AL PR AR S TR AN W AE A, I ] B 5 52 ) - e Bt
s IS A R AR R 52, ok T A A%
JEAR B TGOS, i AR 18] B 55 8 I s 200 e 8 ik



- 82 - LSRR R e o

539 &

WES AN 2 FOR AR S A R AR T

K2 sl AR ml s

Fig.2 Measured blade tip clearance signal
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