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A tilt-insensitive dual-ring coaxial multi-fiber bundle based
blade tip clearance sensor

Jiang Meng Zhao Fuhao
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: To address the significant impact of end-face tilt on the measurement accuracy of fiber-optic blade tip
clearance sensors, this study presents an enhanced multi-fiber bundle sensor with improved tilt insensitivity, based on
the structure of a dual-ring coaxial fiber-optic sensor. The key innovation involves dividing the six receiving fibers in the
inner ring of the dual-ring coaxial probe into two symmetrically distributed receiving fiber bundles. This modification
introduces a second independent output characteristic parameter, the ratio of light intensities R, between the two inner-
ring bundles, supplementing the traditional single output parameter R, , which is the ratio of light intensities between
the outer and inner rings. Optical simulations with the software Zemax were conducted to verify the relationships
between the two enhanced output characteristic parameters (R, R,), the end-face tilt angle 3, and the blade tip
clearance z. A dual-parameter decoupling model was subsequently developed to simultaneously invert both the
clearance ¥ and tilt angle B based on the measured output parameters. The results demonstrate that when f3 varies
within 0°~10°, the calculated blade tip clearance derived from decoupling the sensor’'s output parameters exhibits an
error of less than 3% over the measurement range of 1.0~ 2.5 mm, confirming the reliability and measurement
accuracy of the enhanced fiber-optic sensor under complex operating conditions.

Keywords: tip clearance;end-face tilt;optical-fiber sensor; multi-fiber bundle; dual-parameter decoupling
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Fig. 1 The measurement system of a dual-ring coaxial
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Fig. 2 Two-dimensional measurement plane of the optic-fiber

tip-clearance sensor

AL MO T 114 S T B A B2 1) A7 A [R] R 2 il R
e [ Al 28 D' 27 A S ) R SOOI 2 A B 35 O 22 . 3 2K
ERARE B2 O AR R AR X R AR Gt XLV ) Al A% i
WM EERBZ 1,
1.3 M#BERARERST

DOLEF R KL

AR A0 XV ()t 70 01 2T S i 4 A 5 i T AR 2
(53] 14 IR AT 5 5 T XU [+l 28 D 27 A% S e R G 454 i
H—Fh B HE B 2L HOL LT R s . IR RGO R R K
A g 3 s . AL N R S Ah Bl WOE 2 D [ il

TUHES s Horb N IBL A 6 AR FZEOGER X FR 70 19 8

3 MREAOLE R K

Fig. 3 The optic-fiber bundle probe of the sensor
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The optical model of the optic-fiber sensor
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Table 1 The parameters of the optic-fiber model
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Fig.5 The output optical characteristics of the sensor
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Fig. 6 The output non-coherent irradiance distribution images of the sensor under different tilt angles
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Fig. 9 The output parameter R, of the sensor under different tilt angles
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Fig. 10  The influence of the tilt angle on measuring

tip clearance with a traditional sensor
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