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2= boiler, condenser, feed water heater tube2
£4 2 turbine rotor, turbine blade, turbine disc
59 &4 53¢ & ¥ v
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preventive maintenance program® Y#oE H|m-
FAANGL BA49] boiler, condenser ¥ feedwater
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Table 1. Application of NDT method to fossil power plant components.
NDT Boiler Heat Transfer Tubes Condenser Feed Wtr.Heater Turbine/Generator Rotors Turbine
Method D oD ID Tubes ID Tubes Outside  Boreside Blades

VT |Fiberoptics & Visual exam. Usually not |Usually not Visual exam.  |Rigid Mirror-aided
CCTV through for sagging, used. Small |used for cracks. borescope visual exam.
access windows  |distortion CCTV for for defects/
cut into tubes. of tube wall special fiberoptics

problems thru access
parts. Limted use

PT |Not used Used to detect  {Not used Not used Limited used.  |Limited PT  |Used for non-

cracks Supplement using remote  |ferromagnetic
to MT system areas of blades &
supplement to
MT
MT |Not used Limited use Not used Not used Major surface |Major surface |Major surface
for cracks exam;draped examjcentral  |exam;draped
in welds & bucking field jconductor &  |coil, bucking
techniques yoke methods |field & yoke.

UT |Used from Used for wall Usually not |Used for carbon Supplement Used for Limited use,
steam & mud thickness & used:however |steel tubing & to bore or detecting Used for cracks
drum penetrations |detecting can supplement to when bore service-induced|in shroud area
for wall thickness |cracks supplement toET for flaw in unaccessible {subsurface-
measurements ET in analysis, slow cracks

analysis
in/near tube
support area

RT (Not used Limited use to  [Normally not [Normally not Normally not  [Normally not |Limited used in

detect cracking & |used used used used blade-to-blade
inspect repair attachments
welds

ET |Not used Not used Used to Used determine Not used Limited use  |Limeted use highty

determine wall-thinning & surface defects |sensitive to small

wall-thinning |detect cracks in non- only suface cracks.

& detect ferromagnetic tubing; Remote inspection

cracks not applicable to is possibe through
| ferromagnetics access parts

tube®] &4, turbine bladeol EA8 I Y& stress
corrosion crack®] ©4, turbine rotor®] WA A
2 life time prediction %9 X&ZA BH 9 81A o]
fo] Hi gk $AL2 F8 componentsd] ©l§
F 232l preventive maintenance program< X5
ZAE A% V|7 o ®al olye}l AFe Ade]
et Aite] £4E vde] BRF £ Qo] Be
TALNN AR AYE £ AA stz
At

Fossil power plant®] maintenance®] £+ H]
FANF L %8E 715 Yol Aol £8% NDT
engineer’t 5% visual aids® AMR3E AR
PAT e SAAAF d87hA] v )N Fuhd
F JAds WS Hd 483

Fossil power plantell o145 v|9 A Fupy e
Table 17 Zt} dwtz oz v A H-L surface

inspection volumetric inspection method® ¥
L= 3

1) Suface inspection method

®d ZHAste] EAstE
nuities)& FA3E AEPHOR SRMHAE £
sl AAHFGAANZPDIH AEFAAEMD
2 AFEFAGETD ] oo &gl

2) Volumetric inspection method

EHoRREH  13mmeolde Agld EAste
discontinuitiesE A AgWHozE UAMIE
AAHRTIH 2SAFHAIUDe] AUt RTE
Ao 14X FE2 olfo]l Hu UTE mainte-
nance inspection?] FHHAA o) &HIL Aoh

m
=

£ & (disconti-
].

2. 1. Boiler
Boiler tubed] A3t A LoA ulA7|H @A
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stA e 2A oz Agd A" Yig 7 4

ste] @A 4%e Jdw 2o st A7t Ho,

AaHo g A A @rtE AeAFie 89l
= Rl

A dd Fd 717% hoiler tubed] &AL
H g Hog 27 288 ¢ o

Boiler®] &4 erosiong ¥ §#4 expoliation,
fatigue cracking, hydrogen damage $<& 4 92
H tubed] A AFE AAIL UTE tubed T4
EAo F2 o|go] Hu ¢ler crack L hydrogen
damage HdelE d] &8¢}

% % (longitudinal wave)E o] &3 T4 &4 u
{34 3 (shear wave)E ©|-§% tube ] T4
% crackd] ©4 WS Fig. 19 =A)8 g chBoiler
9 A @¥dE UT7E F2 olg&dgxwt MTY
PTE HaTozy Adxgoz AL P4 &
it

UTH2 & TZEY AgdE A7to] Bol &8
s1%, operatore TES &Y 71&A7} op A
g At g MFAe] ¥ Fo| o}

Ry
wall thinning
L-wave

S-wave detection of crack

Fig. 1. Ultrasonic testing of boiler tubes for wall
thinnihg and inside surface cracks.

Tube¥]ol steam drum 2 mud drum% boiler?]
critical components2A] F714<Q  maintenance
inspection®] &7 5™, o]& Componentse] thit bl
7 A gL UT, MT, PT ¥ borescopeE o] 88
VT method”?}t o]&¥ ).
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2.2. Condenser 3 feedwater heater

A 29 steam plantol A condenser tube®] &
Ae o]E HFE7] st 7MEE FUHoF §
& ZA AL 9rtE ASA7E ade] "t
£4+9 condenser tubeZRE 9| FA4& steam
generator$} turbine $¢ 2 componentsel &4
£ 71AE= 9ol do.

Feedwater heater tube 42 Z$ols BEA
tubine& 37 AHr] HE unitd2 2A
oF 3 FAFE A 9lo] Bt A¥E AR
o &3] NEdHE 397 gk

olE tubed] &FoE AT B9 FHE ¥AF
7] 98t A7l BaA AEHE HgAAdEeR
£ ET method’} 2 RBo] o] &dt}

WAS probeE AME3tA tubee] WA crack
ol } pitting 59 ZES BAET ETHLS dnty
oz-¥d ¢ WA AFgSN HE&HH QA9
conductivity, permeability ¥ A}8-5 & frequencydl
uz FHe 2 RE B4 /b AFE oyt g8kA
A €

Tube?] A} carbon steel®] Z$ole B4 2
o] FAol gyl wHE EFsA ke
transducer& tube WHel 49t ANAd= UTH
o] o] &®t} Hd| ferromagnetic materiale] ©d
ETA @A 7t 7/igE o] #ej= gl

2. 3. Deaerators

dAA¢  deaerator system& H¥  water
storage tank$} deaerator® T deaerators
FZ tank Aol AX" AL 7MY tankE A F
1= ,

Deaeratori> 7+8 % W4E 859 A4E A
Age 71%5E #Fn Utk 53 AixE boilert
turbine 5 F£ componentsell F4& 7}&3l A7
E A%l Ak HAAdE FANHA Yhoy 2
of o} AAFUNM deaerator?] catastrophic
failure7t 2" AbErE Yol dHAAANE
deaerator systemo] tig H|gFA|Ho] 2 FH I )
o

Deaeratorell W@ v BRAANPAPOZE tank WH
oA &% %% nozze reinforcement, inner radius
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2 doly JIAAR o] FFHE Vg FYl
& surface inspection method® MTE o] &3t}
MT method2% arc strike® WA&7 91519
prod8< AH&3A L3 yokeWoT A F3r}
Deaerator systemel g volumetric inspection®]
A%elE RTY UTHE ol &8t

2.4, Turbine rotor, generator rotor
-4 turbine rotortt generator rotorE forging
processel &l Az@th AZA voidstt non-

metallic inclusion 59 A=2A%- Fig. 2-A% 2] -

A AZsAY A Aok 4o 438 3
& th7h 70-125mm E= L ojAe] AR FAd
T8E A AAR oA WE rotorE:
bore rotorghir ¥t}.(Fig. 2-B)

Fig. 2-A. Blind rotor.

Fig. 2-B. Bore rotor.

2.4. 1. Manufacturing inspection

Rotor shafte]l &t A% @42 rotord] FofjAl
UTZ AlgstH, rotor T4 HF5d 2L AA
t $ bore WHAA VT, MT 2 UT AN3d<& W3

Local Strain
Concentration

Non-Metailic
Inclusions )

J— S J
Effective
Crack Size

Fig. 3. Cracks caused by local strain concentration.

382, 234, B 4Rz

o F4o AFE 282 AE A AEE AF
29 F e & 2FY F$E A7)sln ¢
A Z A 2 voidstt non-metallic inclusions %
2L flawse A & A4S 2H3A go

=2 adgE Abgsith AzRA 389 FL flawse

AHEF 713 ¢ Folv YIAELL 8ol )

AA === Fig. 3% Z9] local strain®] 55 o

crack®. 2 A3 A

fo > o o

2. 4. 2. In—service inspection
=9l TVA Gallatin Unit #2¢] AlzAlEls
steam turbine rotor®] £4o= <& Hal';ﬂﬁ\_7}’
7V FAR A$E AAZAHNA EHAE
oei@ ATEL AFeAII7t obF ofelg Wiko}
.

o YPAE ob/lste] WAL

Bl
3o
=
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71

]
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Fig. 4. Steam turbine rotor cracking ﬁroblem area.

STLAN TIRAD KITON CRACKING PROKLIN ARs$

e
SKAFT BODT A SRS COMRECTID DATTRRAL
LOLL/ATIAL QUG

Fig. 5. Photograph of borescope being used to
visually examine the bore of turbine rotor
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A 4EE & 4 Yrh ol @ AnE dHsty)
Aste turbine rotorel W@ AR HA R EF
HAae W F2A H3 U9 Steam turbine
rotorol Al crack®] WwAo2 AF EAy} Hu g
T4 turbine rotorg T3 = 72 2999 4
A& Fig. 491 BA89en turbine rotor bore
inspection F2-& Fig. 594 &7 Jehigich 28
¢HE rotors 9 A9 vgIgAPE A8
oF %t}
® A=A UTE &A %= ZE rotor
@ Inlet temperature7} 482T(00°F)ol o2 At
& /1A 10de] 2%4¥ EE rotor
@ ANd Add Ao EA3n JE rotor2A 2
o 47 478 P et gdn g

HE BE rotor

2421 ANE 9y

(1) Turbine rotor interior inspection

D DiameterZ 3
Rotor®] diameterFAolv UNHOoR  star
guagett °J9} A gaugeE A3t bore
e 2495 &390,

@ Visual testing(VT)

Bore W¥d VTdE E$34 3gd
borescopeEX WHe 4EE CCTV camera,
video tape recorder ¥ TV monitorE o} €3}
o 7]&%},

@ AHRFAANEMT)

Bore Wde #¥W ¥ EEAs ] SAse
crack-like indications B43t7] 913kl blind
bore®] A{olE yoke typed] AETAIE
AH&8n] 19l A9dE yoke typeE AE
7% A dutgeo g F4 T (centyral
conductor)& A% MT method7} o] &€t}
AEL A7t 98 FFZAR) AeEY
black light& borescoped] QA3 et
indications & #2& 3t}

@ 2SHLHAFUT) ,
BoreW ¥ transducer® 43l bore®) A
BEHO2RE Yo Exsle AL g4
t}. Rotor bored] UTelE 2-3 channeld)
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ultrasonic flaw detector® A&3std F2(F
3)45° # 60° (B3 transducersE FAl] A
A, JAANA ARNAE scanning¥Th. Recor-
dable indication® CRT screen?} CCTV
camera® %3}l video tape recorderd] 71&
g} vebd indication® AHE¥ calibration
block&-ZF-E ¢ signal# B w3t E4 %,
UT data& £43817] 9138t ohs A& 73
S e steof @it
+ Calibration reflector®] =Z7]¢} ¥ ¢ (SDH/FBH)
» Signal amplitude®] percentage
(recording threhold)
* Scan increment
«Fnt 4 3o A=A
AgAH A8 AGE 2AE + U A¥olEtn
S TIANE T2 o] ZHE AATGF =
bl Fo] Brtsdte A AAE = gAY F2Y
T RS RE F2AA A GE) AAT F fe
ASolE QurE o2 rotore H7] HEsAY &4 B
e w3l AREr.
AL E A AL ALE ARe g AHgE 1
3t} Ao gt
+ 4L E3JS ol=H(cold start, load follower,
base loaded, etc)
«3A A ol¥(cold start, load follower, base
loaded, etc)
» Stress analysis
« 27 AY 7153 7H5F AlE 71S(EATY 84
g2 473
(2) Turbine rotor exterior inspection
Rotor] <12-A18-2 rotor body2] dimension check,
body$} rotating partsell ti3te] nHFAANEE HAIG
.
@ Dimension check
Rotor$} journal®l diameter® &7 gt}
® Body ¥ rotating partsel W@ vl AY
Rotor®] bodyel #Aol H38 1 bladeE AA
sHed 371zte] 2457 WEe) UTE 343
7] olfch Cableq AHE¥ &4 93 ALY
AFMD)IE FH-E3te Aol gntdgl AlgHhy
¢]t}, Rotating parts2+ journal 5-¢joll g =}
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2.5. Turbine blade
Z1g@dA Lol Bd Fohe] g 9L 509 oA
o] .turbine blade®] EAoE &id dolozi=

corrosion, erosion, wear, A7 &% 2 A% B 5&

o

=

E 4 42} corrosion fatigne ¥ stress corrosion
cracking®] 2 H|F& AA &R YE Ao dFAn
Art. Blade &4 54223 bladed] F4HE 2%
9 5, 91X 2L WIS E Tablé 2 ¥ Fig. 6o YehiR
T} Table 3¢ Jebd wilzo) ARe EFFaAE
crack®] 681%24 7P ¥& HEE XA i 1

& erosion®] 20%& XA 51 gik. Aol 71 ®o
e 9 lashing wire® Hlojd A zHE
shroudg E¥ste 9= AA9 55%F AR s ¢l
$¢ 2 ol blade BHA o] $98 53 Fo5d A7
g "2 7} 3k Turbine balde®] NDT method® 7}3
de] o&HE W& MTelY root section,
attachment areat 43| R385 & = §l7] b 3
ol point vector technique2 ©]€% ETo] o2
o] vlsle gIlHog olfE:. Yuh. ETHL
bladed] A ¥ fatigue crack, stress corrosion crack
T T el Bt sensitivity7} $-5
3=

55%
o |1
BLADE
SECTION 2
3
T 21.2% J 4

20 40 60 80 100
Fig. 6. Percentage of blade defects reported per
section.

FET, 274, B0 AEs

Table 3. NDT methods used for turbine blade.

NDT methods (%)

. Liquid | Magnetic | Eddy
‘([5}11“’;] Penetrant |. Particle | Current
(PT) (MT) (ET)

Ultrasonics | Radiography

oD | @®p  [oer

4580 138 3.7 14. 14 12 07

Turbine blade®] AHERIA P E Utz &
AYFARES AL zAs WHORE  yokeH,
draped colly] 2 AAFS} LHFE M3 bucking
fielddel H453 vk

@ Yoke®

Ao coild ZobAl Apstshe wold Are
g Fo1} ZHAF 457} =2 3 bladed] ]
w2t Alge] 875 B47F gl

@ Draped coil®¥

713 de] FE5n s PO coile] FAo
w2} 4 ZE7F @AY coild] A7 o] ZAE
| X viel A BE5y 3/ dsinz
2 2 coil® AHE-8A e eHE ), Draped coild
< 9 Asiste] o219 bladeE AlGste W
Wo 2 coilgte] Al wat HAEF A st
A= QlE7HE A8 AFE stejof gk

£

Fig. 7. Yoke method of magnetic particle testing of
turbine blade.

Table 2. Percentage of reported defect types and location of defects by area

Defect Types (%)

Location of Defects by Area (%)

Cracks {Erosion Pr('s)t;f:];t):';ve Pits | Other Tﬁggg Iﬁ;ddglgg Shroud | Tenon | Platform ?Rlzgf glosol; %;Sh\;,-nﬁe
68.1 20 364 416 { 398 | 127

1167 | 1985 438 |11.38) 233 | 1474
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Fig. 8 Draped coil method of magnetic particle
testing of turbine blade,

® Bucking field method
Fig. 7% 20| rotordl M2 wid) Bgoz 4
cableg AXd AFOCOAFE o83ty

bladeol & Zo] WFog o] YYHES 2}
B3k Wyoltt. o] Bfolx AlY §9jo w2
FEE AF BE7 FAH deTtE SR
B9 test pieceE AHE-3t A|AlQ MHEE &
B F A@sjor ¥t Bladed] AEFINEF
74 s wE Ay gygolrt. .

TEST MACHINE

Fig. 9. Bucking field method of magnetic particle
testing of turbine blade,

2.6. Turbine disc

MAGNETIC PARTICLE'

Vol. 15, No. 3(1995)

A<} turbine disce]l #F P4 stress corrosion
cracking, hydrogen induced cracking 2
fatigue o] g9l 1% stress corrosion
cracking®] .7Hd %€ Aoz a3 Yt AL H
Hlo] #E& A9 o] YATFEelL BL branch
£ 7tA™ L orientation2 axial-radial %331 R
EAelt}.

Turbine disc®] rimo]1} web F91& HZo] £o]3}
7] HEo MTY PT2 B4°] 7Hedy huboluh
keyway, bore surface 59 & discE rotoroll A &3}
A g T Aol Erbedy] Wi 25923 AY
o 9JE% 4 ghol gl

o] #{lo ¥ 2&AFIANEL F3H T2 &
A4 qEo AN W, AE 4 2 A oo ®
& ojggol Aam g

corrosion

DISC RIM/BLAOE
* ATTACHMENT AREA

O—g

DISC CRACK LOCATIONS

(@ Rim =- Axial-Circomferential
Orientation { Type1)

@ Rim -- Adiol-Radial
Orientation (Type 1)

@ Web == Axial-Circumferentiol
Orlentotion

(© Web -- Axiol- Radiel
Orientation

@ Keyway -~ Axial-Rodial

Orisntotion

(® 8ore Surtace -~ Axiai-Radiat
Orientation

°[ b
[
CRACK ORIENTATION

4 “~Rodial
b --Circumferentiol

£ -~ Axial

Fig. 10. Typical crack locations and orientations of
LP turbine disc.

3. $YUWUA A9l HITTAIY

FYLALE Fo] A E casingoly, YT vane
T3 $HRYE 724 AP 2F7HE 48 cover
1} 250 2 runner, shaft 22 JAAS S 24
8= guide vane 2.2 FAHET

FHLA Hule 7H5F FAF F7)e ditdog 10



EEE RS B

deoz 8 HA B9 g4 AN, 188F 1 &
Hrz Fo duld g uSIAYE Hyese
Table 4%} 2t}

Table 4. Application of NDT methods to hydraulic
power plant components.

Al 8494

A VT |{UT |MT|PT |RT |WT
YED
Runner PBC2l O Ol O
Shaft SF5 O 1O | O O
Guide vane | O 010
Speed ring O O
Fly wheel ORN®

3. 1. Runner(& ™ XH

Shaft(Z)¥} runner(3|Axh) 22 34 EHol& ¥
£d, 9%, bending, 24 T &7 §¥0] ZaH
Al WHE SiFE W7 Wi S2 gdo] dofuiyl
ftk. B3 AE 53 backete] AVHY stem™,
Kaplan %, AV 3 € AMF EX, 43} bladed]
stem¥-oll & #2357 f-ojste] ok gt

Runner® F7& F2 A& F4< A dle
MT¢} UT, #%F FE°4 7[e 243491 Add 73
L= PT 2 UTZ AL Hadr

Fig. 11. Photograph of Francis runner.

3.2 Shaft (%)
ZoE £33 Y30l om, FIE Sl B

FES, 244, A9 A%s
soild shaft$} blade?] 4= AL st &o] W
bored shaft7} Itk Z¢] ok F-$& flange] RF-¢
runners}e] AR, BETFY FH F& E 5 o
B 20| 7 Lo= ¥rE42l bending stress7} Al 2T
o2 53] go] 7 9l H2Fdo] By 4ot
FdHoL} B3 ATe MTHe= 44 239 4
Zo) 71%3n WAL UTHLo 2 gt

3.3. Speed ring (stay ring)

23} generator 3t AZAHS U= fly wheel®}

& 2o g4 Y key & Tl o) 24
& 7tsAol Erth o3 FHY FHE Adst= &
Wogr Ao FAEAY ARHEYE 5 9
71A Wo) e, arte] A8AE Byt 9ast
B2 thi Azte] Bol A8 FTztE @R lM st
ANBE & Y PHLZE ProdH Yoke B 0] &
& AR AN Gl BRI

4. d B

7VEFd BAstE AT Al AA =0 ol
3 84 5ol 718 T A9 Aol 43
oo o2 A "t} 71Edd 4H]F steam turbined
2e ngstilN m&o 2 HIE F2 component
22X 7|7t AHE-8H= £t rotor, blade, disc 59 #
Jele H3, 39, 74, 224 T 2% LA s
ol & Fog o] 4= AT T2 B/ &
Ax 71&] v EYH oz st HAF Y, A
7} Az 4 Foll B2 ofelF& LaUch

A M discB turbined! 22 £ 4% €
A turbined] tha) 4o A & MY H7E o=
71ed o&atn e APz FriF-FAm R &
8.3 ot ol tpAd 7|F 9] AHlE B8 de
U WAl el A48 7Aerd o dEdule] w735,
2 14te}, e%s 2 AFy] A A 4
ANE AT gA 2 2AA ot 5o S Ve §¥
< 9% ge d77 ook & Ao,

1. RBUR 4, BERES ZHEMREED), $=4
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