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2l 13, ZH| 2% (Chain system M8 25)

J

B2t ME U2 7IAN 3=

2T =2z ALESTCh £ 23] O Al

0%

S IG o SHE
s BRUS o

A
-
A
-

0

NN

9%l o

= 1—

Hi Ol&=

tu
rok

CE (3= EZE2Z KS B0950 AHx)

bal
N
10
Bow M

=
-t

FI_F
>

KR Al AXA, SiZH AXHO| ASTMAJIS/DIN/KS 9

inimum specification 3 WPSL{2| PQR A|&#Z1} 52 2o|O|st
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XA (8~18in / 20~48in), K9l EZ(up to 10inch),

(2in O[3}) (

f

U-=5(2~6in), V-2 5
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of el FEXHY
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CFEUHNETANTFEE HEy o sriA
(Main Steam Line) (Hot reheater Line)

13 15 AAAYBY SHAH7IO| Pipeline(h) HE B

014 QBN XXTIEE AfEA LG Caltex Oil
(LA HRE: AS3. Gr.A) (Vacuum heater tank pipe: A335 P5)

07 16 AYRIRBA ZHAIHT|O| Pipeline()) M8 B4

2% 2= mRa M8 G| iy PImy A ng ARl
(Turbine Rotor) (Turbine Rotor)

a8 17. ¢AAZ =Y FZAIG7IC| Turbine HE Al
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6. H& At

<App. Case #1: Power Plant>

12l 18. Application cases steam pipline and turbine at power plant inspection using non-

destructive indentation technique (with KEPRI in Korea)

H 2 A4 T UREA FH7|2 (PE: ASTMA335 P91)9| Al Zt PQR records®| H|il
Position YS (MPa) UTS (MPa) PQOR record
Weld(Av) 1128 1501
HAZ 1 927 1175
1041
HAZ 2 826 1417
1031
HAZ 3 815 1455
Base (Av) 598 810

H# 20| M LtEFEH Hiet Z0f, 7

Z09| laboratory sampling test®! PQR1It= $#X3| LCIHE

9ol

Xt

- O
Zut7t HYOMe Himy| YUAAHS Sof =QIERACE = POR record0f H|SHY DL S
2 UTS7t Hf&te| RIHEOA ZHIE R, Ol= HAHES ol =22 siE ME =20 7|
Qs Ao 2 AtZEICE O|2fst XA Xt0|E =QIstaxt ST FEo HjZOA QATAIEHZS
MEF st ETLFZQATUAYS I, 33 ELZD $ESLE 568MPa, QFUT
769MPal| Zt0| FO{F Lt Ol HEOAM == H|otn| YAAHPO MEZE HLESH=
S7Het & = ULt

-ME EY AIE T WE <3 815 U IR W S0 M3 28
- 38 B9 $A| EYAHE &% 7|4™ ZE monitoring 7ts
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<App. Case #2: Nuclear Power Plant >

|

Ch%

Al

NEET

2l 19. Application case for main cooling water pipline at nuclear power plant inspection

using non-destructive indentation technique (at Kori in Korea)

20 O|At AFEZ Ol ASTM A106(base metal)dt AWS E7016 (weld metal) ~X2| 7| AH L=

£ HORSIQUCH (Tho| = 2tQl LYo 60/90°C Wzt & T B
# 3 EX 445 AS Hig 8RR =4 E7t
position YS (MPa) | UTS (MPa) n K 2|X| mEZq}
2 359 546 0.173 793.5 BASE
3 398 529 0.127 712.6 HAZ
4 412 576 0.144 797.9 WELD
5 433 526 0.093 664.6 WELD
6 369 583 0.184 862.2 WELD
7 362 549 0.171 795.7 HAZ
8 367 517 0.146 719.9 HAZ
9 321 508 0.185 751 BASE

# Reference

AWS E7016: YS(450MPa), UTS(550MPa) All-weld-metal tensile test 21t
ASTM A106B (min. spec.): YS(240MPa), UTS(415MPa), EI(27%)
ASTM A106B (real value): YS(300~360MPa), UTS(480~510MPa

22
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<App. Case #3: Nuclear Power Plant >

2l 20. Application cases for natural gas pipeline inspection using non-destructive indentation

technique (PEMEX pipeline tests with GE PIl members in Mexico)

H 4. HATIAHIE API X652 H|DID| U UAIY U BFQITAIY Z1}t Hl
AN H AT (MPa) Mill Data (MPa) Deviation
HERIIS FZE | =R | A¥ZE | FyELE | A=
469.5 612.9 -1.1% -0.4%
486.7 645.3 475.0 615.0 +2.5% +4.9%
499.8 614.3 +5.2% -0.2%
30 H Oy A 3¢ TAHItAH{ESl ME BotE EIISH| flsh YR AIGEH|
g mote 4 Ao

HiZol MY &

=
=2l
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<App. Case #4: Y£=UH™A>

Object: CLG WTR Main / By pass pipe, LO Pump Inlet pipe, Generator Inlet-HDR
HEAs DAL Z Qo B HFY H7KHIE =9 E7h

" Condition: 2001 27X 7HA|, 44 O/gt A

= Material: ASTM A53 Gr. B (Seamless) , SPW400, STPG 370

" Remarks: ZZALL QIoh Bt 40| HotRASH, EX|XH2| spec. A LA

2l 21. CLG WTR Main / By pass pipe
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<App. Case #5: QOil pipeline>

# A Eet YYAH Dt Xoray diffraction HW (BT THRSH E7)
- Al CH4k: API X80 (Natural Gas Pipe)
- Welding: Friction welding (FSW)
%‘ ~70mm A][
- m ~15mm
= AL =
T8 Tef
Base 2
Metal
| 3 Aroa of interest le
| 20mm RS tor fine profile | 20mm
Retreating Side

TICN) Ferrite \
(<0.1um) N

&l 22. Shape of specimen & Distribution of microstructure

Residual Stress Line Profile : X80 X-ray Diffraction
Ao ol MR8
100 =
. : 150MPa
< x|ty et [E g
8
#1001 : 230MPa
200: Transverse Residual Stress
! 5 | 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1
20 10 0 10 20
Position (mm)
E Instrumented Indentation
iy -2 A 9F RS
3 ‘ \ : 136MPa
= e SUERY 0 ¢% FHESY
(2mm from top bead) |
: 215MPa
Distance from weld centerline (nm)

2l 23. X-ray diffractiond} IT A|® At
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<App. Case #6: Power plant>

# 28 g3l JANH =

- Oy T B

HT

=

>

4 =X
=

0

2RE

ANE2E (EHHER2E)

X20CrMo12.1

Final S/H, R/H tube

700C (660C)

- Temperature condition

Al 2 3 4 5 6
X20CrMo12.1 600 C 650 C 700 C 750 C 800 C Max.
- Time condition
= 1 2 4
Hr. 1 10 100 1000
- Al Ant
1200 | ___::;h ‘ 18001 +:;h
—— 100h 4600 —s— 100k
. 10004  |—&—1000h w —&— 1000k
nN_i % 1400
% 300 @ 1200
2IYAIE = o0l 5 1000 -
00 -|
100
600 - 1 |
00+ ; I | , , ; # + ,
500 650 700 750 800 600 650 700 750 800
Temperature (°c) Temperature ('C)
—=—1h 2000 - —=—1h
B oo
= 1000 1000 h| E"m_ 1000h
"JE-—- 800 =
et Q g 1200
erorAje: 500 1000
800 -
0 600 | |
200 . . T . . . a00 T T : : T )
600 G50 700 750 SO0 B50 GO0 E50  FO0 750 800 #50
Temperature (DC) Temperature (DC)
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