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Structural Analysis of High Pressure Steam Turbine Casings
for Power Plants Using the BEM and the FEM
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Abstract

Structural analyses are performed for the high pressure steam turbine casings of the nuclear
and the fossil power plants. An axisymmetric boundary element program for the analysis of the
casings is developed and applied in the process of practical structural design. To show the useful-
ness and accuracy of the developed program, results of the analysis are compared with those of the
finite element analysis under hydrostatic test pressure. To check the validity of the axisymmetric
numerical analysis of the casings, the stresses resulting from the hydrostatic test pressure are
measured using the strain gage. The results of the numerical analyses are compared and discussed

with those of the experiments.
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Fig. 1. HP steam turbine of 1000MW nuclear
power plant

Table 1. Loading on HP casing of fossil and nucle-
ar power plants

Uni Load Load condition
nit oad type Hydrostatic test Operation
Fossil Pressure(MPa) 1.8~6.6 1.1~4.0
(500 MW) Temperature(TC) 293~534
Nuclear  Pressure (MPa) 1.9~8.8 1.0~7.0
(10000 MW) Temperature(T) 178~-285
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Fig. 2. Comparison of a finite element model and a
boundary element model
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Table 2. Design limit stresses

Load condition
Stress category PN
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Membrane 1.5S8a Sa
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(Sa : Allowable stress)
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Fig. 3. Hydrostatic test assembly of nuclear HP
casing
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Table 3. Dimension and pressure loading at shell
stages during the hydrostatic test

Stage number 1 2 3 4
R,(mm) 1143 1232 1245 648
Ry(mm) 1194 1283 1295 699
P, (MPa) 8.8 6.9 31 1.9
P,(MPa) 294 51.3 17.6 114

ol

Fig. 5. Finite element model of HP casing of
nuclear power plant
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---- original shape
= deformed shape

Fig. 6 Deformed shape of nuclear HP casing under
hydrostatic test condition
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Fig.7 Distribution of hoop stress along the outer
surface of nuclear HP casing under hydro-
static test condition
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Fig. 8 Effective stress contour of nuclear HP cas-
ing under hydrostatic test condition

Fig. 9. Sections to check the stresses
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Fig. 10 Temperature contour of nuclear HP casing
under operation condition
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Fig. 11 Effective stress contour of nuclear HP cas-
ing under operation condition
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Fig. 12 HP steam turbine of 500MW fossil power
plant

Fig. 13 Finite element model of HP casing of fossil
power plant
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Fig. 14 Deformed shape of fossil HP casing under
hydrostatic test condition

37191 231 Aol2 i v 429 n¢ ¢
1 Aol w7t 2 £AAI Al 8o o
A e NE FAsAHY T2aPe 4 2
& ANSYSd o3 #3843y Ax @ 23
Ao v w3 e i S 98 ANSYS
2d & Fig 137 2t} Alol4 o) ¥¥ 3432 Fig.
140 Yel glon 29a M= Jd 2.994
mm (0.11 inch)e]t}. A 8 A2 Fig. 149
Ftod wdo AA AY ¢tow 7YY vy &
AHEEATH Rt o] A9 FAG whow 5
FAIF A g8 & s on, o A3 E Fig
159 Gt ATE A 8289 A3t Aol Ao
b HS webA] A4 3 Z(hoop) - & H8
823N A9 g 2 AoAE 2AHF £
<83 Bludtgded dARes & 4x3tn gl

2225

(614)



ALY FRALYE o] 48 BHE g FIIE N Aol Y 39

FEM
BEM
Experiment

100 °

Pa)

(5.3
o
i

Hoop stress (M

-25 4

Position on the outer surface

Fig. 15. Distribution of hoop stress along the outer
surface of fossil HP casing under hydro-
static test condition
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Fig. 16. Temperature contour of fossil HP casing
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Fig. 17. Effective stress contour of fossil HP cas-
ing under operation condition
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