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The Effect of Linear Speed on the Wear Behavior
of TC4 Blade and Ni — G Seal Coating

XUE Wei — hai,GAO Si - yang, DUAN De - li,LIU Yang,LI Shu”
(Institute of Metal Research,Chinese Academy of Sciences,Shenyang 110016 ,China)

Abstract: The rubbing behavior between compressor’s blade tip and seal coating was simulated through a high speed
rubbing test rig. The wear behavior of TC4 (titanium alloy) blade and Ni — G (nickel — graphite) seal coating under linear
speed varying from 30 m/s to 150 m/s was studied. The wear mechanism of the rubbing system was studied based on the
results from scanning electron microscopy, energy dispersive spectroscopy and X — ray photoelectron spectrometer of the wear
scar of the blade tip and the seal coating plus the vickers microhardness test of the coatings wear scar surface. The results
reveal that with the increase of the linear speed, the wear rate of the blade firstly increased, then decreased. At low linear
speed, thanks to the severe densification of the coating, the wear of the blade was mild. The rubbing between the blad and
the coating wear scar$ transfer layer of which the microhardness was high resulted in significant wear of the blade at medium
speed. At high speed, the thick oxide layer on the blade tip prevented the transferring to the coating from the blade and the
wear of the blade was mitigated.
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Fig. 1 The cross — section morphology of Ni — G coating
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(a) Wear rate of the blade and weight loss of the coating
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Fig.2 The experiment results of the blade and coating at different linear speed
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(a) SEM image
Fig.3 SEM micrograph and EDX result of the blade tips wear scar after 30 m/s testing
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(a) Surface micrograph

(b) Section micrograph

Fig.4 SEM micrographs of the coating wear scar’s surface and section after 30 m/s testing
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Fig.5 SEM micrographs of the blade tip’s wear scar after different linear speed testing
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Table 1 The atomic percent

of the primary elements of A and B at fig 5(b)

Position 0 Ti Ni Al
A 64.6 32.1 1.6 1.5
B 47.6 48.9 1.3 1.1
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Fig.6  SEM micrograph and EDX result of the coating wear scar after 60,90 and 150 m/s testing
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Fig.7 The coatings densification factor and the normal

force at different linear speed testing
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Fig.8 The BSE image of the transfer layer's

section after 90 m/s testing
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Table 2 The Microhardness of the metal
phase and transfer layer on the

coating wear scar after different linear speed testing

Test condition of samples Position Microhardness , HV10
Untested Coating metal phase 381.7
30 m/s tested metal phase 387.6
90 m/s tested transfer layer 1039.6
150 m/s tested transfer layer 517.4
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Fig.9 The XPS results of the blade tips wear scar after different linear speed testing
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Fig. 10 The BSE images of the transfer layer's

section after 150 m/s testing
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