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A dynamic clearance measurement method based on
a fast sparse frequency-swept interferometry

Xiao Lin',Lei Xiaohua', Guo Guanghui®,Chen Yuru',Zhang Peng'

(1. Key Laboratory of Optoelectronic Technology and Systems, Minisiry of Education, Chongqing 400044, China;
2. AECC Sichuan Gas Turbine Research Establishment, Chengdu 610500, China)

Abstract: In this article, a dynamic clarance measurement model based on the swept frequency interferometry is formulated. The
relationship among the clarance, Doppler error and light source sweeping speed is deduced. The Doppler error correction coefficient is
defined to compensate for the Doppler error. The characteristics of the instantaneous frequency change of the clarance are analyzed when
the sweeping speed is changed. And the applicable conditions of the Fourier transform demodulation method are obtained. The influence
of the number of sparse frequency sweeping points and noise on Fourier transform demodulation is simulated and analyzed when the
clarance changes in the form of a triangular wave. Then, the applicability of the method in Clearance of labyrinth measurement is
analyzed. Finally, a clearance measurement system based on a fast sparse frequency-swept Clearance of labyrinth interferometry is setup
and dynamic measurement experiments are carried out. Results show that the mean square error of measurement is less than 0.2 pm
when the sweeping rate is 20, 40, and 60 kHz, respectively. The clarance change frequency is 100, 500, and 1 000 Hz, respectively.
And the repeatability error is less than 0.3 pwm.

Keywords : frequency-swept interferometry; sparse sampling; clearance; Fourier transform

INERSY AR CHLIE 84T WX AT IR
W FAFBA TR SH, R SPLBH EE 5
S LRI £ Ty vk £ B AR RS, B
fouzs R SHURATAS AR DNE, s AT 2 B H E 220y ik A ik AR IR A L
KA BRSNS K L2 e FRIs AT RGBS B HREHIESE DN S 2 090 B ] 3 A ) i R (HAZ BT
Z— EEAE IR i AR, B RS E T RS R A R R, e A AR RSk RO

0 35l

[l

Yk H 47.2022-05-19 Received Date; 2022-05-19
* FEATH . F R B RBLEIE4 (52175530,51975077,51675068 , 61875023 ) 15i H ¥ B



9

HOAR S R TR BT B4 S 2 B A 53

RGAEIRA R SHHLIFHE 0 T A A Tl A0 B 1 )
BRI, LA Ty ik, T2 ek it T
o AR TOLL AA 4, AR AR R SK HAT T i i
ANRGE PR PE AL T IRA K S HLN R B
TEIU R B AR E P AT R AT AR B T2 )

FE TP AL A B B AR, I B R B R
R UL AFR RSO TR G A BT IR, (AR
Frh M, i TR0 B A AR AR 5 1k 1 2235 #12
O T 3 AR 1 25 2 R S BR A) BR AL A i A R R = B
5o ORI, VF 20T P AT S SR T4 0 2% 8 B 174 1
INE R, LATHBR 2385 #iR 22 A2

TR RO G IR IE SO DGR 454
TSRO BUR SRS S I BTG IR i
JCRAER ARG A X Ty AR RE RS AT A 223
R 2E AR m RS B2 (B AP eI i RS 20 B
AR RIREE SR T IR, O T FER R A I IR,
VY223 A2 ¥ Tao 55 MSUHE T B 0GR, XL
) FATUIN - 7R & BB BORR A T0k  SE B T kG
AR, ZIT IR T RS EA, B
RiGHE

T ] AL BE A 1) SEL | 5 T BRI ROG TR, A SCHRE 1
TR AT B A S 2 ) B O vk BRI R
JCIRA AR R AR iR 22 Il ad i L2 iR
ZEBIE L — L M 25 iR 22 B RO, LI
i 4 [ i 2l AR O AR, R SCRFN i LIRS 3RAT 1
AR AR VRS B A5, b T TRIBR L = A

S T V07 VA SR B U ] o 0 PR R
IR S5 1B 52 0, X207 VR (0 AT RERE AT T

1 ETFREFBBHFT SR EEENE
[R3E

1.1 hEEFENSHER

H A TRAS TR WmE 1 s, idahd
TRYBIBR B I a] ¢ B R %, B L=1(1) , A HOLHE
1(t) NALRERTTE] A .

. _ )

c

A e IACHEREHRE , FFH 1(0) IWEAE AT FRR N .

zu>=u0)+fku)m (2)
FH L 1(0) TRERS TR BRAS B v (1) 37 Bl 25U 17 1Y)
BB 2 [RIAE A st TA] Y pR

e BP0 SRR f,(0) , M TFARRGEMEHMA
WEIE A LM CUR BT y £S5 0 MIEOEHI R E R AT

(1)

LB
v

e

s s —

g —tr— | summmee R e
r AAAAN ANANANANAI 4/
S y

L

1 Bl Ta] B ] e Y

Fig. 1 Dynamic clearance measurement model
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