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Abstract

It is very important to evaluate material degradation like temper and carbide embrittlements to secure
the reliable and efficient operational conditions and to prevent brittle faiture in service. The extent of
material deterioration can be accurately evaluated by mechanical test such as impact test or creep test.
But it is almost impossible to sample a large specimen from in-service plants, Thus, the material
degradation evaluation by a non-destructive method is earnestly required. Recently the non-destructive
test technique which uses the grain boundary etching characteristics owing to the variation of material
structures has been proposed. However the program for material degradation evaluation using the grain
boundary etching method(GEM) in Windows 98 domain doesn't be developed now. The aims of this
paper are to develop the program and to complete the new master curve equations for the evaluation
of material degradation on in-serviced high temperature components.

1. M B

s AREEE e 2 453

g A 59 WdTEZEAEL 7B Fotl
e g uhRA Wil o] 53 71AH
A-o]l Astsl= AF d3Kmaterial degradation) &

* 3g, ARdzte dtd FYATEH
> 34, AFFINe 71A 3
o 3g, 5 EEASA T AKRISS)
t AGAaL, B, AENEGE J)ATEHE
gt A7ledTx
E-mail : yuhs@moak.chonbuk.ac kr
TEL : (063)270-2346 FAX : (063)270-2388

4 BIGD ot BRglUd F57 el
44, B4E A9 AARY & Fus, 5
5 9A M2E} BB YAZEd 2 4%
& A Gk o e AAL Wl o
sheAbdlE AASE AuD AN gae @
A5e $A 24 $oz s LAY =Y

92 HUE WFEE Aaae Ay Solx 27
Ym BAAED gom, 20 we AHAH, B
4 &S BE 99 A% zdsn Ao we
q F nerAs AULRE B whaE
neyule) ohdy ¥ EEHQ eREAS BB
7] sl W9 Fad TAZ QgD YO
e w9 FEEs ARE A6l

o



UAFAHE o] &8 A= H7} 223 7L 1065

A8g AMHst FHAAFHW AYZAH T
1R A st Friste Aol 7Hg et
U 7hEEd @AV Q4% te dE d%
o) Add AH7 A9 EVbssiRz, 2 A
o] Fojsery Wrieh Bdd MELEs gl
28 GrhrlEe) gge] wg Fas
A4 Fuder HEsHE vgy o e
de 29, Fx¥, 2AWHY, 7158
g PAFAY Fol Atk a2 o] e H
7t 7169 #YE SsixE AdeldE e Y
AR AlS] tig AL}t Frkel AdEH dlold
olzel Byet A7l H&g AY ZRaHY s
ol dasiet v AeHlle T dATH
ol A A7E FellA Ad godd) FuHRE
g2 7delN £ AREte] dA7EH] o
Hel dt=Ee] TEHAJG v @A S
Aagrieh #dag o2 A4 Fol vt @ A
et FRe dHFHE] T YA ¥
BHE APdETE Aotk &, 43 2717H dA
7Hxe] A7 dolHE §¥ ATt DBIFeE

A @AM Hed £ Ue JriraY @ T
Holl izt sto] HojH oz BEG AJgtojrt

B dpdMdE $EFFE7EdTFAEKRISS)H
A B oigte] ¥R B3I THEIH : A
138493578 WA AAFA APy
(grain boundary etching method : GEM)Z o] &3}
g godo) TR B digelr 3R AFE
HEg FTHHE Aed F, HFHoE A
2 B4 FelAN AAFAAGA 3 d3l=
Bt z2ade AgEcdt B =8 glo] o
B ANFAREL on] 4y AREE TFH
dov B AR e Al ARe T4 F
A BEX 242 98 ZE HoHE Ags
Rk AR B AfolA M T2aRe
o 4t A Z]FeA FE3HA AHEE T Sl

2. ARl MUY

2.0 AENERQY AlEH
2 AFA Agd A A stgdd ¢

Table 1 The operating histories of Cr-Mo steels

Operating histories
Symbol Steel Time [hrs] Temperature [T] Location
1P1 1.25Cr-0.5Mo 122,640 540 inlet pipe of turbine
1P2 1.25Cr-0.5Mo 70,000 500 reactor of oil refinery
1PK1 1.25Cr-0.5Mo 121,973 513 2ry S/H of power plant
181 1.25Cr-0.5Mo 13,140 500 surveillance specimen
2P1 2.25Cr-1Mo 122,640 330 outlet pipe of turbine
2P2 2.25Cr-1Mo 70,000 380 outlet pipe of turbine
2PK1 2.25Cr-1Mo 44,383 566 pendent S/H of power plant
2PK2 2.25Cr-1Mo 58,491 566 2ry S/H of power plant
2PK3 2.25Cr-1Mo 31,583 538 2ry S/H of power plant
2PK4 2.25Cr-1Mo 49,500 538 2ry S/H of power plant
281 2.25Cr-1Mo 43,800 500 surveillance specimen
1C3-1 2.25Cr-1Mo 32,258 538 Iry S/H of power plant
1C3-2 2.25Cr-1Mo 32,258 538 2ry S/H of power plant
US3-1 2.25Cr-1Mo 24,523 538 2ry S/H of power plant
USs3-2 2.25Cr-1Mo 32,258 538 2ry S/H of power plant
A 2.25Cr-1Mo ‘ 440 Iry S/H tube
B 1.25Cr-1Mo 430 Iry S/H tube
D 1.25Cr-1Mo 450 Iry S/H tube
E 2.25Cr-0.5Mo 520 2ry S/H tube
K 2.25Cr-1Mo 400 Iry S/H tube
Table 2 The operating histories of Cr-Mo-V steels
Operating histories
Symbol Steel Time [hrs} Temperature [T] Location
A Cr-Mo-V 140,000 R.T coupling of turbine rotor
B Cr-Mo-V 140,000 501538 turbine rotor
C Cr-Mo-V 140,000 512~535 turbine rotor
2D Cr-Mo-V 125,837 500 rotor casing
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Table 3 The results of GEM, CVN, and SP test for Cr-Mo steels (* : Ref. 5, 7)
W m) | Wgp (Um) N/N NuN
V] _.._GR_(H._)__ 9 '3
Symbo Testpiece | Replica film | Testpiece |Replica filtm| 1 M) | AFATDovw | AMBTT)s
1P} 1.027* 1.109 0.871* 0.825 0.589* 70* 16
1P2 0.774* 0.886 0.679* 0.552 0.400* 36* 7
1PK1 1.041% 1.026 0.844* 0.816 0.644* 68* 15
181 0.569* 0.741 0.463* 0.334 0.296* 15* 3
P . . 0.547* 0.415 0.344* 20* 4
2p2 0.366* 0.659 0.484* 0.292 0.253* 7* !
2PK1 0.769* 0.855 0.583* 0.515 0.395* 30* 6
2PK2 . . 0.666* 0.595 0.485* 40* 9
2PK3 0.697 0.841 0.573 0.470 - 26 5
2PK4 0.797 0.890 0.628 0.557 0.443 33 7
281 0.995* 1.083 0.744 0.732 0.500* 60* 13
1C3-1 - - 0.762 0.648 0.474 41 | 9
1C3-2 . . 0.612 0.535 0.395 27 6
US3-1 0.698 0.814 - - 0.357 20 4
US3-2 0.990 1.088 . 0.603 69 15
A 1.070% . 0.850 - 77 17*
B 0.700 - 0.660 16 3
D 0.940 - 0.750 47 10
E 1.100* N 0.920 94 21*
K 1.030 . 0.850 64 14*
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Table 4 The results of GEM, CVN, and SP test for Cr-Mo-V steels

symbor | wver O) | Wor ) | NN | NN | g m) | AGFATDow | ADBIT)
Testpiece Replica fitm Testpiece | Replica film
A 0.376 0.345 0.017 1] 0.210 0.0 0.0
B 0.959 0.902 0.715 0.669 0.346 32 17
C 1.022 0.924 0.777 0.714 0.395 74 20
2D 0.669 0.621 0.355 0.307 0.280 90 7
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