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Rotor-Stator Axial Clearance Measurement Technique of Engine Based

on Frequency-Swept Interferometry
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Engineering, Chongqing University, Chongqing 400044, China

Abstract Rotor-stator axial clearance measurement requires small-size sensing probe, large measurement range,
and high measurement accuracy. However, existing measurement methods cannot meet these requirements.
Considering the characteristics of rotor-stator axial clearance variation, we propose a measurement method based on
frequency-swept interferometry and develop a corresponding high-speed real-time online measurement prototype.
The prototype combined large-bandwidth high-speed frequency sweeping and periodical Doppler error smoothing to
achieve a large measurement range and a high measurement accuracy and used a single-mode optical fiber to realize
the small-size probe. To test the prototype performance, we built a simulation experiment platform for the proposed
rotor-stator axial clearance measurement. Dynamic clearance experimental results showed that the measurement
range of the prototype was 20 mm, and the measurement accuracy was 0. 08% of the full range at 15000 r/min. The
proposed prototype represents a new measurement technique for rotor-stator axial clearance measurement and
provides an important reference for improving measurements.
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Fig. 1 Schematic of the clearance measurement system based on frequency-swept interference
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Fig. 2 Schematic of rotor-stator axial clearance measurement. (a) Schematic of the rotor-stator axial clearance of the aeroengine

and measuring point of the probe; (b) the real-time rotor-stator axial clearance and the clearance desired to be measured at

the measuring point
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Fig. 3 Rotor-stator axial clearance simulation experimental platform
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rotational rotor; (b) the enlarged region of the measurement result when the rotor and motorized stage start;

2.145

W1 4 1) B JF 4, 5 62 B8 6 DL S0 pm By 20 B 2D B
400(A D 25 S an 15 5 pros . ANIE 5Ca) iy 2 FE il i

SR AT LUE W, W g5 R AR A RAF e,
I 9 LA LGS 2] 20 mmo AR S(h) a] LLE H,
5 A sk 20 1 Iy, e 9 b 1E s 3] 15000 r/min,
BRI LA KA TR B2 15 pm W £ 3 (H 2
PEBh B AIE AL T30 46 [E] B, B B AR B 3
VUG s i A s i B B 2P ik 5 4, X
VLT SC g Rl B A AR A EE R AR SR,
ek, K 50c) 2 10 mm [\ B Ab — 4~ 4 3F 4 B
B TR B, BT LABE S L 20 3 & B S 50 pm,
Hau#aRttr s —%, B5(dDRRNES
i/Fi_éiFEiE"J?'ﬂ'ﬂéi% Wk, ‘Zﬂ"i{ﬁﬁ
21.025 mm Ff 35 £ 30, X 5 H g A9 2 2 45 R E
21.035 mm AH3L .

1.3

(b)
]
=12}
25 L start motorized stage
L=}
g start rotor
F11f
1.0 4 . .
0 0.5 1.0 L5 20
Number of measured points /10"
21.10

(d)  stop motorized stage

2105 %

Cl learance /mm
(=]
Ll
=
(=]

5 20,95 F

20.90 s . . L
452 4.54 4.56 4.58 4.60 4.62
Number of measured points /10°
Jia i R R OR #
(A BLF% & A - 55 oI SRy 3 K ]

(a) Whole testing result in the case of
(c) the

enlarged region of the measurement result at 10 mm clearance; (d) the enlarged region of the measurement result when

the motorized stage stops

Xt 4004~ 25 #E & B 09 B4 5 07 B & $ 4t i 238
[E] B AR AT XF B, AT DA A AR ) R 25, (5] 6 i
Ro A LLE M, LE 0~20 mm & 35 [ Py i 2
Qb F —15~15 pm, AU A5 4G FE 29 i FE 19 0. 08 % .
G RGO T T 2% iR 2052, FEHL
B I S R A BT 0N, HE: 0~20 mm (14 & Y5 [
52 4 BE A5 T 2 T i Bl 10 B A T R . A,

FL AL i R A 2 AN T RE B 5 1R DL EF IR B L O AT iR

HEMATHETHLL METFRERNT 5%
00 RO 36 B R R 2K £ B 0B OE R &
S T S SO i SR T £ SR A

i Y, N SE B 25 SR AT LU, R G RA R4 1t
PRAE T -

1O Fr R 7 i 5 A A I R A AUR M O

1112004-5



Measurement error /pum

50 100 150 200 250 300 350 400
Number of measured steps

K6 iRz

Fig. 6 Measurement error

$£58% £ 1181/2021 £ 6 B/HNAEXBFEHE

R TS HON LB, AT LUE - 8 08 T 9 12
EIE B WAL A B RO ek
AR, JFL T 6 5 L (51 RO AR A 0k 5 D) o e R
R T A T 25 H R E R RE S 1 1 T e o
B 1 g S 5 i e ] B R O R LS B S I AR
2 5 0 TR RSk TR, DL b vk R D AT
W WO kTR EWR ZEOLL, Bt T Wk
EOLT RO W R RO L,
37 R T 573/ S AN

F1 ORI ARG SHOT L

Table 1 Comparison of relative parameters for different methods

Method Measurement range /mm  Instrument precision /% Measurement speed ~ Probe diameter
Reflective intensity ratio'"” 0—4 0.6 2 MHz 2.5 mm
Laser phase ranging''” 0—9 0.3 200 kHz 6 mm
White light interferometry' " 0—5 0. 04 ~1 MHz NA
Frequency-swept interferometry 0—20 0.08 2 kHz 1.5 mm
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