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Casing Response Characteristics and Its Verification Considering
Multiple Blades-Casing Multiple Point Deformation Rotor-Stator
Rubbing Model
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(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: For the aircraft engine blade—casing rubbing fault, a new aero—engine multiple blades—casing
rubbing model which considers multiple blades—casing coupling vibration is put forward, based on the general
elastic Tubbing model. The new model considers the coupling action between the multiple blades and disk, the
blade and blade coupling, blade and casing rubbing fault and the rotor—stator clearance change on rubbing forc-
es, and it can simulate single point, part and whole—cycle rubbing faults on casing, part and whole—cycle rub-
bing faults on rotor. The new rubbing model is applied to the rotor—support—casing coupling model, and the cas-
ing acceleration responses under rubbing faults are obtained by the numerical integration approach. The aero—en-
gine rotor tester with casing is used to carry out the rubbing experiment whose rubbing positions are the single
point rubbing fault on casing and whole—cycle rubbing fault on rotor. The simulation results are found to agree
well with the experimental results and the new blade—casing rubbing model is fully verified. Finally, the other

rubbing faults with various rubbing positions are simulated, and their rubbing characteristics as well as the law
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of rubbing force variations with time are found out.

Key words: Whole aero—engine vibration; Blade—casing rubbing; Rotor—support—casing coupling dynam-

ic model; Casing acceleration signal; Rubbing force
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Fig. 1 Elastic rubbing model
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Fig. 2 Coupling dynamic model between disk and blade
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Fig. 3 Coupling model between two blades
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Fig. 4 Multi blade-casing rubbing model
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Fig. 5 Relationship curve between rotor-stator clearance and casing cycle angle

Fig. 6 Aero-engine rotor tester

Fig. 7 Acceleration test points on turbine casing
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Fig. 8 Rotor-support-casing coupling dynamic model
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Fig. 9 Solving flow for rotor-support-casing coupling dynamics with rubbing fault

(a) Experimental results

(b) Simulation results

Fig. 10 Waveform of single-point on the casing and whole-cycle on rotor
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(a) Experimental results (b) Simulation result

Fig. 11 Waveform (the enlargement of Fig. 10)

(a) Experimental results (b) Simulation results

Fig. 12 Spectrum of single-point on the casing and whole-cycle on rotor

(a) Experimental results (b) Simulation results

Fig. 13 Spectrum (enlargement 2 of Fig. 12)

(a) Experimental results (b) Simulation results

Fig. 14 Spectrum (enlargement 1 of Fig. 12)
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(a) Experimental results

(b) Simulation results

Fig. 15 Cepstrum of Fig. 10

(a) Rubbing position on casing

(b) Rubbing position on blades

Fig. 16 Rubbing positions of single-point on the casing and whole-cycle on rotor

Fig. 17 Evolution of rubbing force of single-point on the casing and whole-cycle on rotor
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(a) Waveform (b) Enlargement of Fig. 18(a)

Fig. 18 Waveform of single-point on the casing and part on rotor

(a) Spectrum (b) Cepstrum

Fig. 19 Spectrum and cepstrum of single-point on the casing and part on rotor

(a) Rubbing position on casing (b) Rubbing position on blades

Fig. 20 Rubbing positions of single-point on the casing and part on rotor

Fig. 21 Evolution of rubbing force of single-point on the casing and part on rotor
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(b) Enlargement of Fig. 22(a)

Fig. 22 Waveform of two points on the casing and whole-cycle on rotor

(a) Spectrum

(b) Cepstrum

Fig. 23  Spectrum and cepstrum of two points on the casing and whole-cycle on rotor

(a) Rubbing position on casing

(b) Rubbing position on blades

Fig. 24 Rubbing positions of two points on the casing and whole-cycle on rotor
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Fig. 25 Evolution of rubbing force of two points on the casing and whole-cycle on rotor
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(b) Enlargement of Fig. 26(a)

Fig. 26 Waveform of two points on the casing and part on rotor

(a) Spectrum

(b) Cepstrum

Fig. 27 Spectrum and cepstrum of two points on the casing and part on rotor
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(a) Rubbing position on casing

(b) Rubbing position on blades

Fig. 28 Rubbing positions of two points on the casing and part on rotor

Fig. 29 Evolution of rubbing force of two points on the casing and part on rotor
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(b) Enlargement of Fig. 30(a)

Fig. 30 Waveform of part on the casing and whole-cycle on rotor
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(a) Spectrum

(b) Cepstrum

Fig. 31 Spectrum and cepstrum of part on the casing and whole-cycle on rotor

(a) Rubbing position on casing

(b) Rubbing position on blades

Fig. 32 Rubbing positions of part on the casing and whole-cycle on rotor

Fig. 33 Evolution of rubbing force of part on the casing and whole-cycle on rotor
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(a) Waveform (b) Enlargement of Fig. 34(a)

Fig. 34 Waveform of part on the casing and part on rotor

(a) Spectrum (b) Cepstrum

Fig. 35 Spectrum and cepstrum of part on the casing and part on rotor

(a) Rubbing position on casing (b) Rubbing position on blades

Fig. 36 Rubbing positions of part on the casing and part on rotor

Fig. 37 Evolution of rubbing force of part on the casing and part on rotor
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(a) Waveform
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(b) Enlargement of Fig. 38(a)

Fig. 38 Waveform of part on the casing (changing along whole-cycle on the casing) and part on rotor

(a) Spectrum

(b) Cepstrum

Fig. 39 Spectrum and cepstrum of part on the casing (changing along whole-cycle on the casing) and part on rotor

(a) Rubbing position on casing

(b) Rubbing position on blades

Fig. 40 Rubbing positions of part on the casing (changing along whole-cycle on the casing) and part on rotor



B3 A1

G B2 LI 22 s A TR A el AR A LI ey B4R 03 143

Fig. 41 Evolution of rubbing force of part on the casing (changing along whole-cycle on the casing) and part on rotor
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(a) Waveform
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(b) Enlargement of Fig. 42(a)

Fig. 42 Waveform of whole-cycle on the casing and whole-cycle on rotor

(a) Spectrum

(b) Cepstrum

Fig. 43 Spectrum and cepstrum of whole-cycle on the casing and whole-cycle on rotor
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(a) Rubbing position on casing

(b) Rubbing position on blades

Fig. 44 Rubbing positions of whole-cycle on the casing and whole-cycle on rotor

Fig. 45 Evolution of rubbing force of whole-cycle on the casing and whole-cycle on rotor
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