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Abstract: It is well known that the dominant damage mechanisms in high-temperature steam turbine facilities such as
rotor and casing are creep and fatigue damages. Even though coupling of creep and fatigue should be considered while
predicting the life of turbine facilities, the remaining life of large steam turbine facilities is generally determined on the
basis of creep damage because the turbines must generate stable base-load power and because they are operated at a
high temperature and pressure for a long time. Almost every large steam turbine in Korea has been operated for more
than 20 years and is made of steel containing various amounts of principal alloying elements nickel, chromium,
molybdenum, and vanadium. In this study, creep damage model of 1Cr1Mo1/4V steel for turbine rotor is proposed and
that can assess the high temperature creep life of large steam turbine facilities is proposed.

- 71=4E - k, = x7 ¥5E (MPa)
;. ume ss & AT WPE &=
o %9 (MPa) D . EdE
n S A E W A(=123,D): =%, 85
_ ke © #HgrS
O @43} YA (kJ/mol) my,n (i =1,2,D): ==, e HET
R : 7k S (kg omlkg - K)
T AYeR (°K) . M2
A, ARRS
a2 A F2Held AHE HANE
e T e Asly AAAOR 98] e AA An
§ © =EE WA 2010 A% FASEG 00, b “o] oy 1 ssid - |
113_5’ICC21]_Z’_) %ﬁ%‘jo] T’:tﬂ- O‘I-]/]E]— %E }‘\':'_H]O —(?‘iXH }g—ﬂ]'é_ Xé]g_—o‘]'}ﬂ
1 Corresponding Author, woosung@kepco.co.kr Brteke AR AFE 5 e JAE FHES
© 2011 The Korean Society of Mechanical Engineers o Z38l= o] "asitl, AMuje] FE FHe o7




N
N
®

Mo
)
[}
N
o
>
2,
=
o
o
o oX
L .
= 2
1o, 1
> poh
v
2 W

24
(i
=

-

)
r
i)
i)
o e )

of [U}L
ol

ol

2L

171 wEo] gyl Anle] 2=

Z
=S
|
A
ul
=
pS|
=
AS5eh= Ae Aw Ao 7Y
e
AL
PN
e
3
s
il

o
> ol rr
o
ol
X

o
:
L o b
o,

do 2 2 1o

= ol Fasitt. dvbdos Byl AH
2 AF7] 92 9 AgE SVITE
7V =l =l 500MW B BEAERS
o] 71 AA S57F 4 10 3] Wl
ol o] A He wE AE
Mujo] =S ARAE F2 Yoz} & 4
A = ¢ it gl Anpr A5, =8
o] Eshd AfFadom wrEojxlr] o
BHAH o7 wWo| AFEE Il Q= 1CrIMol/4V A
3 Tz 2SS 4] 9]
A8 a5 = Aok

2 AFllA= Hl Adle] ARE-E= 1CrIMol/4V
Azta7ded disl] 282 4¥8S 73kl CrMov %
do]ZE O 2 Weber 5°| 2005 ol AAsH
Graham-Walles F 8|2 2dS 7|x2 Z] EHl Z¥
o] tEAel AR AFEEE 1CrIMol/4AV A7
o] I &R dd sl =<fstarzt gt

_

ol

ol
-

rlo
[0 2y
b Eg bl
S
N
mé§@.$ow

o N Mo (m

als

2. 2 B

e AHsty] fg A9 ol &
st W2 AT7F AT 1980 Wi g o
Fao A= A ()3 Z2 Norton-Bailey ¥H7] 2]
of 7lwrs FJuh @

(1)

19

Il

q:

(@]

>

o

|
S “Q
N—

oA71ell A n & AFEHEF, 0 = A3} dA|e]a,
R & 7}2A agla 78 Ayerolt) mg =
Asw 181 wol= n=10, Q=520KJ/mol °]
24 AsS 1HsH n=22, Q=850KJ/mol °]t}.

ok 2 (1)S o]&3ste] AlAkeh AlE#HolA A
£ Hlus] 2W Fig. | 3 23 A= FARSE 43
< Helte AS gl & stk @9 dEAE
of g IrE ol &elA WMHEE HXF HAbS)
7] 1%+ Sellars-Tegart A 21o] 2 (2)eF #o] A

7S - AWM - AAEE
7} = k@
. o .. o .,
&=A exp(——=)sinh(1.09— 2
, exp( RT) ( k) )

A7INA A4, = ARdT, 0= 24A4A, k=
z7) FEAE, n 2 A2 Aot Fig 2 =
Fig. 1 3} ik = a2 x A3 Astst 4 )&
ol g3k Aitdt AlEeold AxtE UEhd Ao
2 S0l wE MEE S=7 719 FAFS
A1) 2 A @A 278 BAAS A Al

2
AE 2 A HeeT b A 8=
EAS oA &A T+ 4 Ak a2y A
Agx AL BN B o dF A= 3 A
=27t AR AYE EA F=HR JdIFS
F7] Wil 3 2} A ZE wjAsta 2 x}F A=
gk e ste] AREShe A2 Aokl 3l

3+ 59 2000 Xl Evans 7} 0-projection

method & S8 S8 o 2 2= T 9 IS ¥
O0(i=1~4) of =FozHE RASIAL 6- 6
WS o]83te] 77MPa ©]8l 3% Z7loA W
WY Eol| g A= 8 AgsiA 28
Qlrhar dfahel vk
s forged 1Cr-1Mo-1/4V
107 ET=540C = exp — sim
T=560°C & exp sim
10°LT= 580°C o exp - sim ’ ’
= v
o 10°E LA
S 10tk o o /n’/
s L
10° o
,/d,/
107 | - | | | | |

200 300 400 500
Stress (MPa)

Fig. 1 Simulation of the strain vs. time creep curve using
Norton-Bailey Equation
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Fig. 2 Simulation of the strain vs. time creep curve using
the Sellars-Tegart Equation



1CrlMol/4V El®l ¥

2.2 Graham-Walles 2!

AYE AsES BARE] 98 og A8z
RdEo] AAHA=H 1955 AN o= Graham 7}
Walles ol ]3] 2] (3)% & Az o] 7t
A=A

. -K,/T -K,/T 2 -K5/T
& =Ae " o"e™ + A oe™ + Ae o™ (3)

A7) A A4,K,,n,m(i=1~3)& Az g0}
Graham-Walles .22 dF2] &st4
AT xZ S BEASH] 918 Al 2o o &
st sk FElE adyw 2 3)2 2ol 3719 &
o7 122332 AYZ A%S T3 2005
Ho|&= Weber 7} Graham-Walles E9& o] &35}
Cr-Mo-V AA=Z wrEoj3 theksh
£S5 Yoz S dF39h0 oF 5d

Stuttgart ol $1X3 MPA L&l 2lalA 4] 4)s}

ol
1
o,
o,
K

ol &AM S D E ¥ 33 Graham-Walles 574
o] AA A D
. A o o m A o " m
86210” U 86“+10ﬂ U gcﬁ
B B 4)
+10% | 2| &
1-D
o 7] el A
dD
—=10"g"™e" (5)
dt

Ap,ny,my = B B A w ol

2.3 Modified Graham-Walles &= &!

712 ATl A AAE Graham-Walles I 2|3 &
o] g oA AREE= Tho]el ghE o]
HgEh. W 1CriMol/4V AE R el
Ei“] 2HZe Afde dutygor I X WY

aHEkA gl
F‘lo}oi ELE]

RIF
rlo
=
H o2
1>i
>k
r:i
Ho
2
i
rlr
I
rE
fu
Ay
o

A

=1 <R
7 0] -ég_o]—ﬂ— ole] uwhe} 1CrIMol/AV A& Al
3 AAl AP HAYs FIT § A= 74

ZAVa A RAYEY] et 18 Tho| o) A

CEIELERSE L

I
s

g AT 449

T A} 5= Graham-Walles B2 S A5t ALE
s AFARE BEAE £ Qe HAFES
curve fitting = ©]-83l T3}l SH HW 2H A

of A% 2 2 AYE GG 3 A} AFE G o]
HEXZ ZLAHA] AP oez ZQ3 o]y U
i Graham-Walles 225 t}-7 o] 2 2k 4¥
2} 32k Ao R gEshAlA ARSI

_4

1-D

& =10" {—GD} g +10% | 2 } £ (6)

dD/dt =10" g™ g™ (7)

oA7|M A,4,,4, = ==}
Fojx 9o Fig.3 ¥ o] &3
AT A= 2 ) Zo] &=
v A 2 xddrh

A =aT", A4, =a,(T/273)" (8)

047] 01]/\1 al’blaaza 2"5 Q’%T’]' zz]":]’
a, = exp(—257.7+0.014480)

b, =33.5+(6.05x107)c

a, =exp(-214.3)c"*’

b, =120

®

Tob ¢h=e oigk 834 =
21 (10)3 #Zo] Y

A,=a,+b,T
a,=1.767x10" -1.9642x10" & (10)
b, =2.528x107"" -2.456x10" &

m,n(i=12,D)= €% 2

Aao] wel 2AEE W42 A Table 1 3 2o}
2 ()T A (e Az

S ol 8d = 5 2

Table 1 Values of the Modified Graham-Walles parameters

Parameters nm m; n; m; Np mp

Value 4 033 | 1.0 | 0.1 1.0 1.0
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