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Abstract: Rotor—stator rubbing is common in aero—engines, and the induced rotor vibrational characteris-
tics are affected by the rubbing materials. The soft coating made by vulcanized rubber is considered for rubbing
case, followed by the experimental investigations on the kind of progressive rubbing between the seal-labyrinth
and the seal—case of aero—engine booster. The rotating speed, vibrational displacement waveforms, shaft orbits
and whirl features during the rubbing process are analyzed. In the results, four variation—phases are observed for
the investigated rubbing, wherein the rotating speed experiences a period of uncontrolled—deceleration, super—
acceleration, oscillating—recovery, and excessive—deceleration. The most significant changes of vibrational dis-
placement waveform are captured in the uncontrolled—deceleration phase. The shaft orbit varies from stable to un-
stable, and recovers to be stable finally. High—order superharmonics (corresponding to the resonance of the rotor

and stator) , the modulations of the fundamental frequency and low—order harmonics of forward whirl and back-
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ward whirl are excited by the soft rubbing. The vibrations at the turbine end are slightly impacted by the rubbing

at the booster end.

Key words: Aero—engine; Soft-rubbing; Vibrational characteristics; Shaft orbit; Whirl analysis
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Fig. 1 Schematic diagram of test rig

Table 1 Main characteristic dimensions of rotor system

Component . Inner . Outer Length/mm
diameter/mm  diameter/mm
Fan disk 60 396 50
Booster drum 382 398 138
Fan shaft 47 71 262
Turbine shaft 0 50 1772
Turbine disk 289 507.8 20

Vulcanized rubber
coating

i Labyrinth teeth | Booster drum

" Booster stage
; labyrinth K
\, seal rubbing case J/ "8

(a) Booster drum

(b) Booster stage labyrinth
seal ring case

Fig. 2 Photos of rotor and stator for rubbing
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Fig.3 Curve of vibration amplitude versus rotating speed
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Fig. 13 Whirl order analysis of the drum during rubbing
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