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Experimental Study on Torsional Characteristics of Fan Blade Tip
ZHOU Xiao—yang, ZHANG Long, XUE Xiu-sheng, WANG Liang, CHENG Hao

(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: In order to study the torsional characteristics of the fan blade tip, a new dynamic measuring
method for blade tip elastic deformation angle of an operating engine based on blade tip timing technology is pro-
posed. The first stage blade tip torsional characteristics of a low bypass ratio two—stage fan were investigated un-
der different operating conditions during rig test of the compressor. The results show that the elastic deformation
angle increases with rotational speed and increases while the compressor characteristic curves approaching unsta-
ble region. The maximum deformation angle of 1.25° was recorded near the surge point at 100% corrected speed.
Variable inlet guide vanes (VIGV) angle has a significant impact on the elastic deformation angle only when oper-
ating near the surge line. Elastic deformation angle oscillated sharply at surge point at 90% corrected speed with
VIGV angle at —=5°. It is estimated that the torsional amplitude of bladel were 0.18° (hefore surge), 1.05° (at
surge point) and 0.11° (after surge). It is possible to measure blade vibration by monitoring elastic deformation
angle.
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(a) Finite element model (b) Load and constraint condition

Fig.1 Finite element model of the fan blade
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Fig. 2 Deformation of the blade
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Table 1 Results of elastic deformation angles in different conditions

Axial direction/ Circumferential Radial direction/ Elastic deformation
Condition Position
mm direction/mm mm angle /(°)

Leading edge -1.58 1.03 0.34

80% working point 0.92
Trailing edge 0.13 -0.18 0.29
Leading edge -1.61 1.04 0.35

80% approaching surge point 1.07
Trailing edge 0.15 -0.20 0.30
Leading edge -1.69 1.13 0.38

90% working point 1.10
Trailing edge 0.11 -0.17 0.31
Leading edge -1.84 1.22 0.39

90% approaching surge point 1.22
Trailing edge 0.17 -0.22 0.33
Leading edge -1.77 0.97 0.47

100% working point 1.25
Trailing edge 0.28 -0.50 0.52
Leading edge -2.10 1.63 0.55

100% approaching surge point 1.43
Trailing edge 0.26 -0.34 0.47
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Fig. 5 Sensors installed in the engine
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Fig. 6 Blade tip timing system
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Fig. 9 Elastic deformation angle varies with time
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Fig. 10 Experimental performance of the fan
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Table 2 Comparisons of elastic deformation angles in

different conditions

Condition Measured Calculated  Relative
value/(°) value/(°)  error/%
80% working 0.90(0.77~1.08) 0.92 2.2
80% surge 1.03(0.88~1.27) 1.07 4.8
90% working(a=5°)  0.98(0.83~1.15) 110 12.2
90% working(a=-5°) 0.98(0.78~1.12) 12.2
90% surge(a=5°) 1.14(0.88~1.26) 12 7.0
90% surge(a=-5°) 1.17(0.95~1.32) 4.3
100% working 1.08(0.90~1.27) 1.25 15.7
100% surge 1.25(0.98~1.41) 1.43 14.4
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Fig. 11 Characteristics of the torsional vibration
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