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Finite Element Analysis of Compressor Blades
of Gas Turbines Considering Crack Sizes and Locations

Yun Ho Kim

Department of Mechanical Engineering
Graduate School of

korea Maritime and Ocean University

Abstract

Severe load conditions for the compressor of gas turbines to improve power
generation efficiency cause damage to compressor blades. A breakage of one
blade can cause consequent damage to the power generation system, which
thus leads to loss of the generating efficiency and economy. Therefore it
becomes necessary to detect damage of the compressor blade before it breaks
down and also it is important to understand the effect of cracks on the
compressor blades.

In this study, the structural analysis using finite element method is
conducted to obtain the stress distributions over between compressor blades
without and with cracks. We also find the stress differences according to the
different crack locations and lengths on the compress or blades. The effect of
crack size and location on the tip displacements of the compressor blades is
investigated to predict the possibility of compressor blade’ s breakdown
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according to crack state. After that, modal analysis is performed to compare
the natural frequencies of the compressor blades without and with cracks.
The tendency of the frequency change is discussed according to the different
crack locations and lengths.

KEY WORDS: Compressor blade; Crack; Finite Element Analysis; Tip

displacement; Natural frequency
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Fig. 1 The shape and size of compressors blade LO, L1, and L2
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Trailing edge

Fig. 2 Location of the leading edge
and the trailing edge
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Table 1 Material properties of GTD450 and IN706

. Densityl kg/m* Young’ s Poisson”’ s
component | Material ,
] Modulus[GPa] Ratio
Rotor | GTD450 8.054 210 0.382
Blade IN706 7.75 203 0.29
Table 2 Chemical composition of GTD450
component | P Ci Ni Cu Fe | Mn | Mo Cr
wt%) | 0.05 | 0.03 1 7 1.75 | 73 1 1 14
Table 3 Chemical composition of IN706
component Al C Cr | Co|Cu|Fe | Mn|  Ni Nb P Si Ti
Wt(%) | 04 | 006|145 1 | 03 | 40 | 035 | 40 | 25 | 0.02 | 035 | 15
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Suction side Pressure side Suction side Pressure side

(a) Load including centrifugal, (b) Centrifugal force
pressure, temperature

Suction side Pressure side Suction side Pressure side
(¢) Pressure (d) Tempreature

Fig.3 Analysis result of the blade
considering centrifugal force, pressure, and temperature
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Blade Contact Surface

Fig. 5 Contact surface of the blade
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Fig. 6 Crack location of compressor blade
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Fig. 7 Stress distribution of compressor blades with no crack
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(a) Crack length2.54 mm (b) Crack length 5.04mm (¢) Crack length 7.62 mm
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(d) Crack length 15.24mm (e) Crack length 22.86mm (f) Crack length30.48mm

Fig. 8 Stress distribution of LO compressor blade
with an initial crack at 0% span
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(a) Crack length2.54 mm (b) Crack length 5.04mm (¢) Crack length 7.62 mm

(d) Crack length 15.24mm (e) Crack length 22.86mm (f) Crack length30.48mm

Fig. 9 Stress distribution of LO compressor blade
with an initial crack at 25% span
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(a) Crack length2.54 mm (b) Crack length 5.04mm (c) Crack length 7.62 mm
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(d) Crack length 15.24mm (e) Crack length 22.86mm (D) Crack length30.48mm

Fig. 10 Stress distribution of LO compressor blade
with an initial crack at 50% span
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(a) Crack length 2.54 mm (b) Crack length 5.04mm (¢) Crack length 7.62 mm
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(d) Crack length 15.24mm (e) Crack length 22.86mm (f) Crack length30.48mm

Fig. 11 Stress distribution of LO compressor blade
with an initial crack at 75% span
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Fig. 12 Stress distribution of L1 compressor blade
with an initial crack at 0% span
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Fig. 13 Stress distribution of L1 compressor blade
with an initial crack at 75% span
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Fig. 19 The second mode shape of the compressor blade
with no crack
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Fig. 21 The fourth mode shape of the compressor blade
with no crack
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Fig. 23 Comparison of the natural frequencies of L0 compressor blades

with different crack lengths
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