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Hot Corrosion Analysis and Improvement of Gas Turbine Rotor
Blades of Turboshaft Engines

YE Fei, KUANG Qiao, LI Jun, TENG Guan-hong-wei
(Zhuzhou Regional Aviation Military Office, Hunan Zhuzhou 412000, China)

ABSTRACT: In order to improve the structural integrity, safety, and reliability of the working blades of aviation engine gas
turbines. This paper studied the hot corrosion-fatigue failure mechanisms of gas turbine rotor blades, including the structural
failure mode, the distribution law of corrosion pits, as well as the erosion and oxidation mechanisms of thermal barrier coating
and blade superalloy. The results showed that the surface coating corrosion spalling occurred in the high friction coefficient area
of the gas turbine blade under the action of high temperature gas scour effect and hot salt corrosion. The corrosion pit was
formed after the blade alloy substrate of the spalling part of the coating was oxidized and eroded by high temperature gas. The
protrusions or depressions on the surface of corrosion pits caused stress concentration, which accelerated the initiation of fatigue
cracks and finally lead to fatigue fracture of blades. The chemical nature of corrosion and oxidation of high temperature resistant
coating and nickel-based alloy matrix on gas turbine rotor blades caused by typical corrosive substances is investigated. Finally,

suggestions for improving the thermal corrosion of gas turbine rotor blades are put forward, which can provide useful reference
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for preventing the thermal corrosion of aviation turboshaft engines.

KEY WORDS: turboshaft engine; turbine blade; hot corrosion; fatigue failure; mechanism analysis; improvement measures
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Fig.1 Hot corrosion phenomenon of gas turbine working blades in various ty]pes of gas turbine engines:

a) PT6 series turboshaft enginel®; b) 30 MW gas turbine!*!; ¢) certain type enginel

; d) CFM56-3 turbofan engine!®;

e) RD33 turbofan engine!”’; f) GE MS5002 gas turbme[gl

1 HRFTESESH

1.1 SReE

U, SRR R AL T IR e e, & PR
HEHRESTH, BHLB BRI, SaEE,
3 T R R SIMLE T A R A, RIBR 2 i il
Pish, BRI b 1 Rk A A B (LU
TR 1S E ), 1 RSB (DIF
faiFR 2 S0k, 1 R iR eyt 5 B e (LIF
faiFR 3 SR ). &8, LLE 3 Mt B S I,
S R IR AR S, WK 2 R,

350t

5= D 250 )
P2 e I A A A 2 L DL

Fig.2 Inspection of faulty blades macroscopic condition
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Fig.3 Decomposition inspection of blade 1: a) fracture site; b) black spots and cracks on the back of leaves
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Fig.4 Macroscopic decomposition inspection of blade 2: a) black spots on the back of leaves; b) corrosion pits and cracks in leaf basin
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Fig.5 Macroscopic decomposition inspection of blade 3: a) black spots and cracks on the back of leaves;
b) corrosion pits and micro-cracks in leaf basin
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Fig.8 Hot corrosion morphology of blade basin surface near exhaust of blade 3: a) blade after the long test;
b) same engine blade before the long test
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Fig.9 Hot corrosion at the inlet edge near the blade root
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11 Microstructure of blade body surface coating:
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between coating and substrate
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Fig.10 Hot corrosion at the inlet edge near the blade root:
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Fig.13 Equivalent stress distribution of corroded blades
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