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Investigation of the Thermo-mechanical Crack Initiation of the Gas
Turbine Casing Using Finite Element Analysis

AL
2Es -

2ot - AEN

M. S. Kang, W. N.

(Hed @ 20009 6€ 1Y, Y 1 20099 7€ 174, AEEHA 1 20099 89 209)

Key Words : Combined Cycle Power Plant(E#3}2 42 4), Gas Turbine(7F~EHl), Casing Bolt(Alo]4d EE),
Thermo-mechanical Fatigue Crack(@ 3 2 ¥ <), Finite Element Analysis(f-3t843]4)

Abstract : A gas turbine consists of an upstream compressor and a downstream turbine with a combustion chamber, and

also the compressor and the turbine are generally coupled using a single shaft. Many casing bolts are used to assemble two

horizontally separated casings, the gas turbine casing and the compressor casing, in both of axial and vertical directions.

Because drilled holes for casing bolts in vertical direction are often too close to drilled holes for casing bolts in axial

direction, one can observe cracks in the area frequently during operations of a gas turbine. In this study of the root cause

analysis for the cracking initiating from the drilled holes of the casings of a gas turbine, the finite element analysis(FEA)

was applied to evaluate the thermal and mechanical characteristics of the casings. By applying the field operation data

recorded from combined cycle power plants for FEA, thermal and thermo-mechanical characteristics of a gas turbine are

analyzed. The crack is initiated at the geometrical weak point, but it is found that the maximum stress is relieved when the

same type of cracks is introduced on purpose during FEA. So, it is verified that the local fracture could be delayed by

machining the same type of defects near the hole for casing flange bolts of the gas turbine, where the crack is initiated.
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Table 1 Specification of the gas turbine EEEZ tightening3d}”] 98 $24go 2 Aol4e
Itemns Unit Specification 7hEered, of FAV #ENYE AEE EWAL
Type _ | Reaction, axial flow, open EE Z(hole) AAH 9, Fig. 33 2L @9
cyle A AFste] GUEoE el WAHT Ytk
Number of stage |stage 4
Rotor speed pm 3,600

e W H

Max output kW | 160,160(LNG)/165,040(diesel)
Amount of fuel | 4| 35 183(LNG)/40,005(ciesel)

consumption
Turbine inlet temp| C 1,293
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Fig. 3 Thermo-mechanical fatigue crack of gas
turbine casing
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Fig. 4 FEA model of gas turbine casing
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Table 2 Mechanical properties of SA-387A Grade 22

Mechanical properties Value

Tensile strength, ultimate [515 - 690 MPa

Tensile strength, yield |310 MPa

Elongation at break 180 %

50.0 -57.0 MPa
@ Tenperature 55 C, Time 100,000
hour

70.0 - 77.0 MPa
@ Temperature 500 C, Time 100,000
hour

8.0 - 110 MPa
@ Temperature 55 C, Time 100000
hour

Rupture strength

110 - 149 MPa
@ Temperature 500 C, Time 100000
hour

380 MPa
@ Tenperature 600 C, Time 100,000
hour

Poisson’s ratio 0.3

6
E=Y4,_,T""
i=1

A;material parameter, T;temp

Young's modulus

Table 3 Material components properties

Matelz):ilo Igé)llgilepé)nents Value
Carbon. C 0050 - 015 %
Chromium. Cr 20 - 250 %
Iron. Fe Bl - 9B.7HB %
Manganese. Mn 030 - 060 %
Molybdenum. Mo 090 - 110 %
Phosphorous. P <= 0.025 %<
Silicon.Si< <= 050 %<
Sulfur. S< <= 0025 %<
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Table 4 Thermal properties °o 71N LEWMEE AYPHoE FU}
Properties Conditions, T(T) o Aol dF Fgol el AFE T&
Thermal expansion (10%C) 112  0-100 more o AARE BE9 A el 1A
Thermal conductivity 367|100 more o 1/4 2do] 03} symmetry 2 F

Table 5 Thermal properties of SA-387A
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34 ¥ A (b) 30 minute after start-up
YA Aol BE & FHI HY S Fig. 5 Heat transfer analysis result of gas turbine
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(b) 30 minute after start-up
Fig. 6 Stress analysis result of gas turbine casing
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(b) Five cracks added near stress concentrated area

Fig. 7 FEA model of gas turbine casing with crack
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(a) 10 minute after start-up
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(b) 30 minute after start-up
Fig. 8 Stress analysis result of one crack added

model
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(a) 10 minute after start-up
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(b) 30 minute after start-up
Fig. 9 Stress analysis result of five crack added

model
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Fig. 10 Comparison of stress analysis result
between the number of cracks

Table 5 Maximum equivalent stress according to

the number of cracks

Cracks

After 10 min 1992 | 159 |150.7| - |1439] 138 {1335
After 20 min | 3727 [2869(2719|2674|258.4 2481} 240
After 30 min | 4943 {37431 305 | - [3365(3235|3131
Max stress

Fig3 & Fig3 ©

position

% Stress concentration area
- QOutward edge of the casing bolt hole(Fig.3 ®)-200
MPa
- Inward edge of the casing bolt hole(Fig. 3 (©)-180

MPa
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