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Abstract: In view of the frequent start-ups and load changes in the recent past, there is a need for fossil-fuel power plants to be
more efficient and reliable for long-term operation. Under high-temperature and high-pressure conditions, severe creep and
fatigue damages can occur in major plant facilities, particularly, turbines and boilers. For highly stable operation and better
maintenance, various techniques that facilitate a systematic assessment of the service life of critical facilities have been developed.
However, to date, in Korea, to evaluate the remaining life of major facilities of fossil power plant, qualitative or semiquantitative
analyses are carried out without following any standard guidelines or procedure. In this study, a standard code for assessing the
remaining life of major plant facilities is proposed. This code takes into account creep and fatigue damage, which are generally
accepted as dominant causes of damage to facilities. KEPIC (Korea Electric Power Industry code) is scheduled to include this
guideline in 2010.
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Table 1 Life consumption relationship of low alloy steel

datsw A3t EUI Ry

1 A <20%

B 20-30%
2 ¢ 30-40%

D 40-60%
3 60-75%
4 E/F 75-80%
5 > 80%
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Electron Image 1

Fig. 2 TEM image of 1Cr1Mo1/4V aged material
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Fig. 3 Simple creep-fatigue life assessment procedure

1268 #He4 - 3S - 4
3z =
Zhek 3 s
h 4
[EJJS == ]
Y
EEETEEE T
P=T(20+logz)
Y
f EEEES= PN )
¢Creep = r’/tr
1000
s Creep rupture
i
©
o et
Uw? 100 | Awu
9 B “ ‘oGED O
o (T2 2.25Cr1Mo sy
[| e 1Cr1Mo0.25V forging a
| 0 12Cr1Mo1W0.3V
+ 1Cr1Mo0.25V cast
10 . . . .
14 16 18 20 22 24
Larson-Miller parameter P=T (20+logt,),X1000(K,h)
Fig. 4 Creep rupture curves of low alloy steel
() A2|= F=HHI}t
durow BAANS Fd U2 AN
AxE SE3 & LxE Ao uwet WHEr)
A %= Larson-Miller Parameter A 2lel] %83
T AHES AAket
P=T(C+logt) )]
T v A%, ¢ & Agx Aoy 14
Wy ¢ 9 AS AREAS 20, AP
25 o]t} Fig. 4 & ZEH 9 Aoldd Al&HE=
1Cri1Mo1/4V A} &.2] Larson-Miller parameter <1412
Rl
Fig. 3 Axfo] wie} 8= dd A7kS 314
AA7EA ] A TES o] &3l HFTAoR AwE

of 9% Anle FHLaNES T

olo

(E B R o L
oft offt oftt T N HT

lo

0
@]
2
=2
>
oL ofy Al mu mu my o N G

el
il
AR
oY

A7l N &= AT W2 FH, Ag,
Woelm C. . G A3 g, & AR
AQEE Wil AgEel
 me
Ag Amol @ Pz F9e
EEE S I M e S
wel AF7] 92 Aol N,
NE95 N B olgd HEH

=
avjel FHERHE o2 TE

Fig. 3 ¢
T-3FH @A 7A€
o7

ATt



RT

———- 400°C

—— = 5330°C

® 950°C

Total strainrange 4 g, %

1Cr1Mo0.25V forging

100 1000 10000

Cycles to failure N¢

Fig. 5 LCF curve of low alloy steel”

100000 1000000

o L
d

2% Py Hoof ox ofo ok
N Z oo 4l A o 1 R

N oo 0

o e}

ol rx r® Kl oE

of 4y I oZ E of
B> oft o

&

1
R

o7]elA D, & ABZ
2 Fyabgott. F
2@ o] AA7pA e
HAFy S ANE

4 o

t,=(=-Dt )

1
D

1
R

o
o

0 ¥t} za 1 Xy}

<
T

zt

W& D

.

rlo M

o o

]
1

N

ak

4
rr

252 12 A2z 2 =z £wEyrt

ElHl Aule] e Ae= vz &
A A Brslr] YA E Ao A A=
A0 S WP ES Wo} AR wet Faa)
Aabslok stk o] 2 93] Mule] 7)slEtA Ak

=1
BN

o

o

T
e
ofo

1269

)
o
ol
o
K

o
ro

fi
ol

At
o
o

K

ko
o9 9 B

=
ot
3

B
o
%

e, ]

—

0] 83 x%/\zd ox.o_ a5k
o3l H T3

==
ofal gejah

;O

= =
HEL 2A Axo

o il S O (K HI x oo 2 Mo o

o)
I
Hl

o

SERETIREr R RR R P
w} Aabx o] FhEakA Al
Aol gle} Aoldolt Mush ko)
ang sashe deds @A)
tigro s edslde Fasta slg Avi
%oe¢ﬂa%%@%A%@<?ﬂww

0 oig 2
A e s} o]

)\CO‘I i];]}”

715——“ = @

é%%ﬂ el o
Shdell Aesol 7] el
AR Fo7 dgsi
AS w3E st}
2 &2 EHZ:S_L 2 grle= z7kz)
& TR TIEdM e

R

&gk o]
#eo] glom,
BB oo

““Ll

e

p



Fig. 6 7 o] agdole gl S E ZARGH 5 AN 3.1 B &=

E43% 715 st JdAgls sHsta wnYy FHo| A9 THEA, 2ALSH] 93

J7b el wet AAL 9 Jrhs 47 sl ARSeRE dS5stal olE Bk FHe Tz

FWEAY ®elE FEE SEAe FEZ $£EE CdS5skE e Awdth o 3t i
HaHES A 7 Adx, A AR SEANES By F37] 2 AEE] FHow FH U

SaAE At ogk BFAQ £ NS Akt AbsleAlde] FA wste) ma A gelE B

T Atk s W7E SExe Xl we AgE WskE Bt

2 AF7] 2 FHAES 78 Stk @A

HEFAR Anlel Ryl Y Avldx] TR 32 123

B4 Wyl A9E wEx|y g5 Py Ay A A AR SR E = Bl ST WA

2 dn] S AnEAE BAsle Hyp oy o He E4E g7 feiA A E el A ¢

NNEAS Agslas} sk 583 HolFefl Ao 4-&8s Axtste] ae=x

a7} e

WA FEe slFow Wrke  Fns

PR oA A1 AR 18 dd
2=

3. dH[E "IbE

o

AR e &d FdoA AMgEE Aue] o)

A

o
Sruyhe v wld e Be @gan o1 ol ddel MAsNS 5 slen
2 o2AQ FHHslel o3 Qo XY vy VIHAAAS BASe) @] ¥ S FAAH
THAH o R aEfste] o]FoZith Table 3 & K.Y, 33 Deul
ENle WIRE SN Fo AW AY RE E Tl T o aana gase aaaest
— 5 = - = o - pul b S A A —1°O T [e}¥eaNe]
B R Bl A B R E T RER R R IERE RS
Foleh. T2 & 7Ivel AR R AR BHOl o e wwo gzt A4 A% o4 H
L= BIAN S Ao R A8} 22 An]S = - T oH=E o = o L anger
TAlol] HFAIEF 9o = Table 3 ol A|A|ZF 2] S Az A 2 22 AR AAsa 057 [ o

=0 Ak FEREIRE:] H =) 221 O = < = n HIE mwmort &= Hanger
7]7: %_ﬂo]—oq = ]EE :TLTO]'O:] o= EH%]_ 7‘313] EHiﬂ—o— /"ﬂ—?‘}:‘ 34‘%3'9‘ T‘ﬁ]—fﬂ—q

pul 1= ju =2 -1«

3.4 Eful 26

agtell A el FAIZE oz Qs ERl ZEd

A ) &AL 7) T QAR THEHE [z akx =] vk =
= o = o 7]% ilaol = ggﬂ 677]'}] Eix_ EE17]' 1:71] ﬂ'\_:
S EDE: & Hrkst BHRl B2YHe Fa EVITE
3¢ . D=0.75 - — . -
w v 34 AF7] 9= g Agzel Fig 3 ¢ HAjel] upe}
4| Ry AYZ | exzA De=1 Al o r AAAAEIet Aol el A9
= dow mw ogAlOHO AALSE 22O =3
golz | Fx | £HdoY De=1 258 = ¥iews j JOLOLT_C’E aﬂﬁ%ﬂr'
F7HA e R Ar B EFUFSAHAE o] &5t
zy | AR AREE s FRgste e B 5 Ao
El 7= AXA 7}
gl ERETN B
Ale] 7 - D=0.75 3.5 Bl 5 #HolY
n _ HRl =E¢ w7 E BEL iR Alo]dell
P PN i Plugging rate Agsls AeET Moo ggode
e ar— T %Zﬂ}_ﬁ = Limit value —170 - o000 1 T o ) 20 1=
d Artate] Az B M2gRs dSihs EE
w2tk 7lEA SEFRdEs sty d3Es
- ARFshaL Fig. 3 ¢ Axjel wie} S H7Hg o
A HAATe] 45 2ES vE2A f=d
TA S o]g3te] Alakghe
4. M ZAHE
Fig. 6 Life assessment process including individual g 3he e o] R Ve w8

assessment method v AH] oA Yl 2E Q| FHAHES B}



g 3k v Rl A 2 28 1271
oo e Table 4 Life assessment results
5“ :g B ‘m sneyx | EE | AFIEE | SELEE
o ¥ —hpauter csngamp = ° (tr/tro) (N/Np) (%)
g —i—ip outer casing temp 5 oL %
w 0.0246 23.299 23.89
£ groove
. FHE | 3216 - 32.16
00 stil APE FS AASE T8 AR ARgE:
20 P —— R 71EA] 2= el oa] BAEE WEES
Tim: 2008-11-28 3:05 2008-11-28 7:15 Xi%7]:g/]§_ ‘{[\_‘ug% ﬁaxé's‘]‘v“j—: __]‘]/1\:]! ?J_X}-E_ ]%]:og%];\'—'
Startup Time _
. . . = 3 11 FZ A= [e=]
Fig. 7 Start-up curves of “U” plant unit 3 turbine'"” Table 4 = 3L%F 1 & groove % A5 Gl
el eiA el wHoew Astd =gz o
s 9 AF7|9 2 FHanES vedth sg dhls
\pg ) "\ SAAzE] oF 106 el 7] wE] AL A
AJ"JJM[‘HUEID =4 ; 2= o]0 S R be| Azlo
N s g F 2w 30 doSe wgs B ow wHs Ao
[—— oo ARAS A es ERlE = sl
AN T gwdor 2E skt EWeME A7)
| w . Nz, FARANE AdTA AW L4
Fig. 8 Section view of HIP rotor Z1TE A Ao AF7] g2 S AA
Lo RTE FAT Arghe d8sto] 4Fes
otk o AulE 1997 doll #E¥Ee] 10 @ Ax FEAE o AYEZ e Afols 2
SAY A UrEG Wk ZVEW 3 Slolw Bl ofa] dAg o] TS FAF diE
A7 Aol wE APHQ 7% FHE Fig 7 3 ATZ 24 HoIHE ol&s Hrhsklth HulY
2t} Fig. 7 oMol o] ek W FE oMo AA FFS oA mEystar ARkl wE
FU1RE, Aol EHe] v AN 2k AeEe wAEM N AAXRAS aste fdasss
& 5 glom Lx A5ES Hul 2H 2 Aol TITHY Hu A9 pugvr Ads dE
Fugrt 3 9 32 2 A5 g2 Fye Atk
Fl Q
A Fak=vl AHg-HTh s A=
i FUFE FYHE AT 2=t ' =
LPFE FPEE T30 2EEY mes IRl =3 $ARANN AL EE whdAdu] e
T Aok t&F BNl mE ] Tl AHel smmsts 98 trust ) v)eSo] suty
A @i AL dFHel =4 BAW 7ISAY 9oy, ARl BHEHQA 7|FES w2 Zle]
AAA ARl 2ENSVE A7) Wil TR gubdoelr, @ ArslEe wel theFd ol
<71 Tl tE S FUHeR uHd £ apgno] Hrbe] Aol RESIL Y H LA
3. Aot z7lo] gk,
dubHom SVl ZHAN S7I7F #YEE B dATelM s g shEdbd Al A Qe
e e T e B e I S B PO B I B E e L A
delA 7] wiel] & BIlIME Fig 8 3 Zol  muje] g 2 A2 59 Prke Grier) 96
AEAE BN ZEO 1 @ goove 99 R SUFS o ARPES AEsA S8 2 wEEs el
VIEem RS WSS Fig 8 oM 19 = gad wys iz o] 548 Balshs S48
BNl ZEOA FEE SAstL ZUEAE AT wo) Aoty it wmal AA Auo] gl sl =l
FAAE LR whoR FRslE A% RA WL v)Ee
wF HW REO oF AT G4 AL gey 9 ange S s s
A5l #A @ebA Fig. 3 oA AN FH - Smysr g2 KEPIC o AAEE 2000
T 7 A wet FHBME FPFAT. )T wr e &8 Al EAT 4270 9
D452 3600 RPM 9] 315 3ol o)afA] LA



2 s 2006 A A A GA-S] Ao 3t
o q x| 7]4% 7HA(KETEP)S] A& wo} 423
3 A A J Ytk (No. R.2006-1-240-3)

PSgnE
(1) SPRINT Project SPI 249.

(2) NT MAT 002, 2001, “Metallographic Assessment of the
Temperature History and Remanent Life of Power Plant
Components,” NORDTEST Method.

(3) TRD-Codes 300/301.

(4) Song, G., Choi, W., Kim, B., Hyun, J. and Heo, J., 2010,
“Life Assessment Procedure for Fossil Power Plant,” KEPIC
2010, submitted.

(5) Choi, W., Fleury, E., Kim, B. and Hyun, J., 2008, *“ JSME
Int. J.A-Solid M. 2, pp. 478~486.

(6) Choi, W. and Hyun, J., 2008, “A Life Assessment for

SR

Steam Turbine Casing Using Inelastic Analysis,” Modern
Physics Letter B, Vol 22, Issue 11, pp. 1141~1146.

(7) Viswanathan, R., 1989, “Damage Mechanisms and Life
Assessment of High-Temperature Components,” ASM Int.,
pp- 265~328.

(8) Choi, W., Kim, B., Kim, B. and Song, G., 2009, “A Life
Assessment Procedure for Turbine Facilities of Korea
Standard Fossil Power Plant,” ICPVT-12.

(9) Fujiyama, K., 2007, ‘“Development of Risk-Based
Maintenance Planning Program for Power Plant Steam
Turbine,” Joint Project Final report.

(10) Rusin, A. M., 2007 “Technical Risk Involved in Long-
Term Operation of Steam Turbines, Reliability Engineering
& System safety,” 92, pp. 1242~1249.

(11) Gonyea, D.C., 1976, “Thermal Stress Concentration
Factors in Large Shaft,” Thermal Fatigue of Materials and
Components, ASTM STP612, pp. 30~37.

(12) Choi, W. and Fujiyama, K. and Kim, B., 2010, “Thermal
Stress Concentration Factors(TSCFS) in Turbine Casing and
Valves for Life Assessment,” International Journal of
Pressure Vessel and Piping, submitted.

(13) Choi, W., 2008, “Life Assessment for Ulsan Steam
Turbine Rotor,” KEPRI report TM.T07.1243.



