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Abstract: To analyze the blade/casing rubbing-friction process of aero-engine, a blade/casing rubbing-friction model is es-
tablished based on the finite element method. The stress, deformation, temperature characteristics of blade/ casing under mul-
tiple rubbing are studied, and the dominant factors of thermal deformation caused by rubbing are explored and analyzed. The
rubbing-impact between blade tip and casing of aero-engine will increase the temperature of the contact interface friction, which
will not only change the interface temperature state, but also cause additional thermal strain and thermal stress of blade/casing
through thermal deformation. Interfacial frictional heat changes the temperature and also induces thermal expansion strain of the
casing and blades. The blades show an elongation trend and the casing show a partial upward arching trend after being heated.
After the blades have rotated once, the casing generally shows a tendency to arch toward the blades. However, the deformation
of the blade tip due to the inward arching of the casing not only does not extend, but is compressed and shortened by the cas-
ing, and expands in the width direction at the same time. The superimposed effect of the casing and blades after being rubbed
and heated results in additional compressive stress between the blade tip and the casing. At the same time, the cause of ther-
mally induced strain stress mainly comes from the effect of friction heat in the casing. Therefore, the friction heat of the casing
is the main source of longitudinal displacement and longitudinal stress.
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Table 1 Physical properties of titanium alloy

_ Specific heat Thermal
Temperature/ °C DensnY: capacity/ conductivity/
em™D) (k ag) (Wen KT

25 4420 546 7.0

200 4395 584 8.75
400 4366 629 11.35
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1400 4225 714 24.6
1600 4198 750 27
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Fig. 1 Geometrical model of blade/ casing rub-friction
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Fig. 2 Grid division of blade and casing: (a) overall grid, (b) grid of friction area between blade tip and casing, (c¢) grid of con-

tact area between blade tip and casing
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Fig. 3 The Mises equivalent stress distribution of the blade and the casing after one rotation of the blade: (a) the overall of blade/casing,

(b) the local of blade, (c) the local of casing
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Fig. 4 The deformation characteristics of the blade and the casing after one rotation of the blade ( deformation magnification 500 times) :

(a) the overall (U,) displacement distribution characteristics, (b) the appearance comparison of the blade tip before and after

deformation, (c¢) the appearance comparison of the casing before and after deformation
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Fig. 6  Variations of the surface temperature and deformation displacement of the tip of a single blade during one revolution
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