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Research on multi-channel blade tip clearance testing technology for
turbine blades with shrouds
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2. State Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract: The shrouded blades are widely utilized in significant rotating equipment such as aircraft engines due to their
functions of enhancing blade stiffness and reducing secondary losses. And the multi-channel high-precision online
monitoring of blade tip clearance parameters is a crucial aspect in ensuring the safety and efficiency of engine operation
during its runtime. To achieve this goal and inhibit the adverse effects of the axial displacement, a novel "I-shaped"
core-pole capacitance sensor is designed in this paper. Based on the modified labyrinth teeth, a tip clearance
measurement model is established using the parallel-plate capacitor principle. A 12-channel blade tip clearance
measurement system based on I-shaped core-pole sensor was developed. Calibration within a 3 mm measurement range
was conducted on a simulated labyrinth disc. and precision testing was performed under +=1 mm axial displacement.
The results indicate that the measurement accuracy of the aforementioned blade tip clearance measurement system
exceeds 45. 4 pm. The final stage involved the synchronization testing platform for blade tip clearance of actual engine
blades with shrouds. encompassing twelve measurement points across three levels. Results demonstrate that the
proposed 12-channel blade tip clearance measurement system exhibits high reliability and repeatability, and meets the
needs of tip clearance measurement of shrouded blades.

Keywords: turbine blades with shrouds;blade tip clearance; multi-channel;test bench experiment
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Fig. 1 Blade tip clearance’s principle and output results

measured by capacitance method
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Fig. 2 Measurement model
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Fig. 3 Experimental system platform
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Table 1 Detailed parameters of experimental system platform
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Table 2  Calibration coefficients (three significant

digits retained)

RE a; a, a; as a, a,

fE  0.0594 —0.550 1.98 —3.64 4.27 —0.113
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Fig. 4 Blade tip clearance calibration curve and calibration residuals
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Fig. 5 Results of blade tip clearance precision measurement under

the axial displacement of ==1 mm
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Table 3 Layout of measuring points
SRR /() LA R 46/ mm
L1P1 3 1.12
L1P2 93 1.12
L1P3 183 1.15
L1P4 273 1.12
L4P1 6 1. 26
L4P2 96 1. 46
L4P3 186 1.27
L4P4 276 1. 27
L7P1 21 1.31
L7P2 111 1.21
L7P3 201 1.03
L7P4 291 1. 26
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Fig. 7 Results of blade tip clearance measurement in stage 1
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Fig. 8 Results of blade tip clearance measurement in stage 4
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