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Abstract

Because typical gas turbine systems have frequent startup and shutdown operations, it is likely to cause cracks at the gas turbine
casing and gas leakages at casing flanges due to thermal fatigue and embrittlement. Therefore, the evaluation of structural integrity

and gas leakage at the gas turbine casings must be performed. In this paper, we have evaluated the structural integrity of the
turbine casing and bolts under a normal operation in accordance with ASME B&PVC and evaluated the leakage at casing flanges by
examination of contact pressure calculated using the finite element analysis. Finally, we propose a design flow including finite
element modeling, the interpretation and evaluation methods for gas turbine casings. This may be utilized in the design and

development of gas turbine casings.

Keywords : Gas turbine casing, leakage, contact pressure, thermal-structural analysis, finite element analysis,
ASME B&PVC VIII-2, stress linearization
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Build-up of analysis model
1. Geometry modeling
2.Finite elementmeshing
3. Loading and boundary conditions
4. Analysis setfings

FEA Thermal analysis
1. Steady-state analysis
Structural analysis | | 2 [¥dJ(T) =(2)

1. Nonlinear analysis l

2. [Kf)ix) = (R}

Design
change

Thermal/ structural
analysis

]
L] Y ¥
Structural safety assessment Leakage evaluation for Structural safety
for casings casing flanges assessment for bolts
- Stress ization and _ Contact pi t flanges is - Bolt stress evaluation in
in accordance with ASME B&PVC with the inner with ASME B&PVC

Stress
criteria
1.Pp<S

2.P <158
3.PL+P, < 1,58
4. P+Py+Q € Spy,

Stress
criteria
1. Gy < 25n,
2. Omax < 35m

Contact pressure
criteria
Poontsct > 3 X Py

Fig. 1 FEA and evaluation procedure for gas turbine
design

Table 1 Stress categories and limits of stress

Stress category Limit of stress
Pn S
P 1.58
PL+ Py 1.58
PL+P,+Q Sps
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Fig. 3 Geometry of turbine casing
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(b) FE model
Fig. 4 FE model of turbine casing

(a) definition of a point mass

Table 2 Material properties of the casing and bolts
(ASME, 2010)

Casing Bolt
SA-217 WC6 SA-193 B16
Young's modulus(MPa) 218,000 218,000
Poisson’s Ratio 0.3 0.3
Density (kg/m”) 7,750 7,750
Allowable stress(MPa) 184 172
Yield strength(MPa) 276 724

Table 3 Thermal and loading conditions at inner
turbine casing

Stage(#) 1 2 3 4 5

Pressure(MPa) 2 1.25 | 0.69 | 0.3 | 0.11

Temperature(°C) 450 395 305 176 176

Axial Force

Isolation

(a) inner part (b) outer part

Fig. 5 FE analysis condition
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(a) contact condition (b) boundary condition

Fig. 6 Contact and boundary conditions for the
turbine casing

Table 4 Loads at the nozzles and manhole

HTC(W/m? °C) 1,500(assumed)

Location Nozzle 1 | Nozzle 2 | Nozzle 3 | Manhole

Axial force(kN) 3774 | 3429 | 7515

Load(kN) 54.7 57.4 21.9 480

24 9 H3 s 247 214739709 855,4997 0|t}

e FPstr] 9 EHEl Aol 3 EES
Ade 247t SA-217 WC6, SA-193 Bl6e2 ASME
B&PVC II-Part Do 2k=o me 44 H7}F AH-E e
Table 291& F1& A2(-30~40°C) X2 BAAZE e}
WATHASME, 2010: Lee, 2014).
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Table 5 Pre-adjustment for bolts

Bolt number 1 2~13

Pre-adjustment (mm) 1.69 1.31
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Fig. 7 Temperature distribution and total deformation
of the turbine casing
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the turbine casing
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Table 6 The results of structural integrity for shells

SCL Structural Thermal-Structural
. — Remarks
number | P, |Criteria(S)|P.+P,+Q | Criteria(Sps)
1 22.4 130 51.9 390 Pass
2 21.6 136 44 .3 409 Pass
3 12.1 145 21.1 436 Pass
4 8.1 157 123.4 473 Pass

Table 7 The results of structural integrity for nozzles

SCL . -tSFructural — Thermal*Stg}fturel . )
riteria riteria riteria |[Remarks
number) P\ ) gy [PLEPel (g pgy | PFPFRI (g
1 10.4| 218 15.4 218 66 443 Pass
2 10.6| 218 11.2 218 76.5 443 Pass
3 5.8 236 74 236 68.9 473 Pass

Table 8 The results of structural integrity for flanges

SCL . 'tS‘?ructural — Thermal-Stglc"zur'al . .
riteria riteria riteria [vemarks
number| P | ) sgy | PPl () 5g) | PP g

1 53.4 95.2 105.2 390 Pass
2 74.2) 195 93.3 195 180.7 391 Pass
3 98.8 117.4 232.9 394 Pass
4 101 116.1 201.1 402 Pass
5 98.4| 204 115 204 168.1 411 Pass
6 97.2 112.4 134 420 Pass
7 94.5 109.3 106.2 432 Pass
8 93 218 107.8 218 98.4 441 Pass
9 95 109.4 102.2 453 Pass
10 196.2 11.3 104.5 465 Pass
11 100 236 120.4 | 236 118.9 470 Pass
12 103 120.1 116.1 472 Pass
13 103 118.9 117.2 473 Pass
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(a) structural load
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(b) thermal and structural load
9 Contact pressure distribution at parting plane

Table 9 Inner pressure and contact pressure criteria

Stage No. 1 2 3 4
Inner Pressure(MPa) 2 1.25 0.69 0.3
Criteria on Contact

6 3.75 2.07 0.9
Pressure(MPa)
160
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Fig. 10 Contact pressure distribution at the defined
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Table 10 The results of structural integrity for bolts in
the case of structural loads

(
(

Bolt Criteria Criteria

number Savs (28m) Sinax (3Sm) Remarks
1 394.5 424.8 No Pass
2 379.5 387.7 Pass
3 364 374.1 Pass
4 363.6 375.1 Pass
5 363.2 373.9 Pass
6 363.4 390 374 Egs Pass
7 363.6 (@15°C) 374.8 (@15°C) Pass
8 363.6 374.8 Pass
9 362.8 374 Pass
10 361.1 369.9 Pass
11 361.5 369.8 Pass
12 360.8 368.8 Pass
13 362.7 372.3 Pass




Table 11 The results of structural integrity for bolts in

the case of thermal and structural loads

Bolt Criteria Criteria
number Save (2Sm) Smax (3Sm) Remarks
1 328.8 310 353.1 465 No Pass
2 317.5 310 328 465 No Pass
3 296.7 310 314.6 465 Pass
4 305.5 313 326.8 469 Pass
5 311.5 321 327.3 481 Pass
6 318.6 333 331.3 499 Pass
7 333.3 343 351.5 515 Pass
8 330.4 350 335.8 525 Pass
9 350.9 357 364.9 536 Pass
10 365.1 364 381.4 546 No Pass
11 355.1 365 363.1 548 Pass
12 344.6 366 349.2 549 Pass
13 340.6 366 348.2 550 Pass
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