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Abstract: A paralel dide gate valve (PSGV) is located between the heat recovery steam generator (HRSG) and the
steam turbine in a combined cycle power plant (CCPP). It is used to control the flow of steam and runs with repetitive
operations such as startups, load changes, and shutdowns during its operation period. Therefore, it is necessary to
evauate the fatigue damage and the structural integrity under alarge compressive thermal stress due to the temperature
difference through the valve wall thickness during the startup operations. In this paper, the thermal-structural analysis
and the fatigue life evaluation of a 16-inch PSGV, which isinstalled on the HP steam line, is performed according to the
fatigue life assessment method described in the ASME B&PVC VII1-2; the method uses the equivalent stress from the
elagtic stress analysis.
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Table 1 Nodes for each SCL definition

SCL Start node End node
1 1,216,712 1,239,450
2 1,216,661 1,232,141
3 1,235,337 1,235,327
4 1,209,934 1,208,716

Fig. 2 Geometry of the 16 inch PSGV and definition of
stress classification lines

Fig. 3 Finite element model of the 16 inch PSGV

veey AN 4 & AlelE w7
-9 W3yl dAsE 97 7Hg FH ke B
ojm= o] F9E U A (criticd ared) .=
A 5th ASME B&PVC VIII-20 A= o] 2 9]&}o]
SCL (stress classification line) S 4 2] &tar 244
9 g2ar PG AbEgith B EEedlA Ao
¥ SCLE Fig. 29 #Zow A 44 Ars
Table 10 YEH AT}

16912 PSGV 2] 7|4 SA182-F91 (9Cr-1Mo-V)
ol &4 AW ASME B&PVC Il Pat DYOE o]

2 e



A &Sefol= Ao|EWH L

g3l £wo) we Wakshe ge welstel AHg
aL9l T (Fig.4 %)

22 2d=A
 =EolA 7 E Y37 E (cold startup), WHAF
75 (warm startup), E3t715(hot startup) 2 G A
— T 30,
o E
wg 13 (/ % 281 . ('",w;;;u,‘\*
5 e 2 21 P
g 12r ',.**" E o
5 o e
% 11:/.,. % 2k
T S S St £
0 100 200 300 400 500 600 700 01002003(1)4005(1)600700
Temperature[°C] Temperature [°C]
(a) Thermal expansion (b) Thermal conductivity
1200 240,
o g
O
2 10 / % 210\\
g . r‘/ é \\
2 o~ 2 180]
g oo el 3 \\
a Jae ool >
P S SN S 150 L L L L
0 100 200 300 400 500 600 700 -200 0 200 400 600 800
Temperature[°C) Temperature[°C]
(c) Specific heat (d) Young's modulus

Fig. 4 Materia properties of the 16 inch PSGV (SA182-

(shutdown)ol] o] &F
16212 PSGV 9| %
AIZHEF 2850)0. 8 sglon,

o Fx3]4 2 ASMEB&PVC 7]4b

[e)
i
A

o Wi7]=2L 4003,
A7) &< 4,0003] ¢
Ak 7Hgarsieh.

AzAL A

O

B

R

Azan
1A PSGVQ] TEAAA
= FHHE S AL

A

il
8

257 B}

159

AZzAL Fig. 58 #uh 2
(design life)< 250,000
o] AATH &

o

FH71 %S 20003 18a
71EEH § AR o] Fo
= O

e R
7hER 2310
ERE R M)

=

H 7]

14 16

pLE

F91 (9Cr-1Mo-V)) @ ojw FA5S T8 2 =(conduction)oll <]
; 1.00 ’” 100
E 1.00 5 é
Fa7sf Barst g 075}
-9 o g
Bosof Boso} oo}
3 H E
Hoa2st § Q25F = 025}
£ 0.00f " “0.00 B e zgr 0.00
z 20 40 60 8 100 . 90 0 20 40 60 80 100 000" 0
Time [min] Time [amin] Time [min]
(a) Cold startup
% 1.00 7y #
gost
Zosof
T
2025
E
S0, "% 20 0 B 100 7 o b 20 40 60 B3 100~ S0~ o 20 40 0 8 100 900
Time [min] Time [min] Time [sec]
(b) Warm startup
1.00 ‘ 1.00 A+ 104
: : &
2075} g_nﬂs _/ 20.75 s
Bosol Eosof 3 o50f
2 E 3
-g 0.25} Eo.zs- éo.zs-
g S T TR T T z U U DU S g ST S DU N
S0 20 ""20 50 m 10 w0 "0 20 40 60 8 100 900~ % "0 a0 e s 100 90
Time [see] Time [min] Time [sec]
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Fig. 5 Startup diagrams used for analysis (The temperature, pressure, and mass flow are normalized)
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Fig. 6 Normalized convective film coefficients for each startup conditions (The value is normalized with 4 kW/m?°C)
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Fig. 7 Load and boundary conditions in the thermal-
structural analysis
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Fig. 8 Temperature distribution at critical time steps
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Fig. 10 Stress distribution at critical time steps for
thermal-structural analysis (the value is normal-
ized with 1,000 MPa)
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Table 2 Definition of cyclic stress ranges

Case Description Number of Number of
Nurmber of Fc):le cyclic stress design
cy ranges (k) cycles (ny)
1 CSNOY 1 400
2 WSNO? 1 2,000
3 HS-NO? 1 4,000
M=%k 3 -
1) CS-NO: cold startup and normal operation
2 WS-NO: warm startup and normal operation
9 HS-NO: hot startup and normal operation
normal
_ Operation—__

Stress

Time

Fig. 11 Cycle counting for fatigue analysis
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Table 3 Fatigue life assessment of the 16" PSGV for cold startup — normal operation

A A Ses Sat Er Ny Nk
ScL (M&P;) (MSSQ) Kil mpa) | Ko | (mpa) | (vPa) | (mPa) | ¥ | X | (oycles) | (cyclesy | P
1 | 309 | 1395 | 1| 647 | 1 | 697 | 195000 | 194760 | 101 | 276 | 573 | 400 | 0698
2 | 355 | 665 | 1| 647 | 1 | 332 | 195000 | 194,760 | 48 | 368 | 4741 | 400 | 0084
3 | 338 | 1144 | 1| 647 | 1 | 572 | 195000 | 194,760 | 83 | 299 | 977 | 400 | 0409
4 | 310 | 454 | 1| 647 | 1 | 227 | 195000 | 194760 | 33 | 421 | 16190 | 400 | 0.025

Table 4 Fatigue life assessment of the 16" PSGV for warm startup —normal operation

A A E N n
ScL (M&P;) (MSS£> K (l\f;Sa) Kex (MSaJ Pta) (MPa) (MFT>a) Y X (cyclkas) (cycTes) D
1 238 | 1083 | 1| 611 1 | 541 | 195000 | 189,408 | 80 | 3.02 | 1,051 | 2000 | 1.903
2 273 563 | 1 | 611 1 | 281 | 195000 | 189,408 | 42 | 387 | 7,334 | 2000 | 0.273
3 264 95 | 1| 611 1 | 492 | 195000 | 189,408 | 73 | 314 | 1,370 | 2000 | 1.460
4 297 437 | 1| 611 1 | 218 | 195000 | 189,408 | 32 | 423 | 16,818 | 2,000 | 0.119

Table 5 Fatigue life assessment of the 16" PSGV for hot startup — normal operation

ASk | AS Ses Sat Er N Nk
S| Py | (mpa) | <7 | vPg) | o | vPg) | P | vPa | | | (ovdles) | (oycles) | P
1 252 1,206 1 610 1 603 195,000 | 184,200 | 92 | 2.86 727 4,000 5.502
2 268 631 1 610 1 315 195,000 | 184,200 | 48 | 3.67 4,691 4,000 0.853
3 269 1,055 1 610 1 527 195,000 | 184,200 | 81 | 3.02 1,046 4,000 3.824
4 269 407 1 610 1 203 195,000 | 184,200 | 31 | 433 | 21,326 4,000 0.188
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Table 6 Accumulated fatigue damage of the PSGV

SCL 1 2 3 4
CSNO 0.698 0.084 0.409 0.025
WS-NO 1.903 0.273 1.460 0.119

HSNO | 5502 | 0853 | 3824 | 0188
D=:D, | 8103 | 121 | 5693 | 0332
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