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2.1.4 BWEI 53 TR R 0196 mm s B4 EUFE® 1.948mm
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Electrical
conductivity
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epth [mm] (0196 Magnetic |4 po0 [ 0120

permeability
1.948 1.000 Offset [mm]

0,947
1 0.7039

0170

Electrical conductivity of Coating

Processing file testl_D06_txt - iteratiok  E|lectrical copnductivity of substrate

Electrical conductivity of inner cooling

Airfoil thickness L
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Client L iEE Y | XA ER | B R R
ALSTOM Power X X (2 systems)
MITSUBISHI — MHI X
ANSALDO ENERGIA X
SIEMENS (US & Sweden) X X (2 systems)
SNECMA (France) X X X
ELECTRICITE DE X
ENEL Generation (ltaly) X X X
LABORELEC (Blegium) X
EPRI (United States) X X

X

KEMA (The Netherland)

% 2-1
2.2 R R WREEMAT) e
EMAT(Electromagnetic Acoustic Transducer) fl- @?E@l%%}}“ﬂ@ﬁ%iﬁu
ko P R [T AR 12 2 G R AR o e
& rikrf%ﬁ&@ﬁ’i’j’%]}l?ﬁféﬁﬂé% IS SRR RIS A -
W Lorentz JJ{&H ™ & & P ] (ﬁ@rﬁ%?’,j@ & q‘?ﬁlz 12) W}ETF &
Fi > SA213T22) fL IJQ@EE‘ » FEl RN ] o BETRR e W@ﬁﬁm s /YT
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DAL - 0.4 & 0.8 mm notches
in a cylindrical reference block
detected with EC probe

| TRANSDUCERS

m 4 Housing 20 x 20 x 20 mm + Curved wedge fitting bore radius

“ Housing 20 x 20 x 20 mm + Detection of surface-breaki
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SIBAR PERFORMANCES

Retor length Up to 22 m (cable length limit)
Bore diameters range 63.5+330 mm
Scanning control Man / aufo
Handled diametral excursion (chamberings) | Max_ 150 mm (self-adjusting)
Coarse axial movement Pneumatic (140 mm/min)
Standard inspection speed 8.2 mmimin
(axial step 3 mm; angular speed 25°/s)
Minimum detectable EFBH <=1 mm (z<= 40 mm)
RF acquisition ‘Yes (digital reconstruction)
Visualisation of UT signals. AJBICID-Scan
Focalisatien of UT signals SAFT-3D
Probe head ¢ <125 mm -> 4 probes
@ * 125 mm -> 8 probes
Axial acquisition step (typical) 3 mm
Angular acquisition step (typical) 1°
Recorded echo signals (8 m length) 5.760.000
Acquisition time (8 m length) 16 h
Data processing time 1+4 days (depending on defect
number/ density)

B 2-17 RS EGE ET ~ UT @48 ¥

(SIBAR)

UT CALIBRATION ET CALIBRATION
ET probe: Shielded differential probe - Active area 8.5 mm - frequency: 1-300 kHz
UT probe
Shear waves &0° in circumferentiol planes - frequency=2.25 MHz -Bmm x 9mm crystal - Calibration block:
curvature radius:67 mm Square block - Inner radius=140 mm

Calibration block: ' )
Disk - Enner dismeter=100 mm - outer dismeter=200 mm Calibration notches in block:

0.2mm x 16 mm longitudinal square notches - SDH 3 mm - Notches depth:0.2mm- - 0.4 mm -
Calibration holas in bleck: 0.8 mm
Gy - Holes GepvSmm <10 mn - LSam - 20 - 30 - 49 - 50 - £2 ey
B0 men - 100 mm Automatic acquisition - freq. 250 kHz

Autematic acquizition - fixed gain

0.2 mm Notch 0.4 mm notch 0.8 mm notch

Sonda S-1271 BF =250 kHz-G=380B-V=2,3V
Cuvesv
I = -
v e
m
5 m s 2000 s
[N Zmm —
o g
= S = 1500 .
3 Lo
Tm E
G < 1000
Il —Sm
I —10mm
[ 500
0 nomedmatiane 0
0 0.2 0.4 06 08 1
dematiocauszierafm [ 55
Notch depth [mm]
ekl fnms| EFE]
oo

B 2-18 VTSI ET ~ UT @i 3 ] £ -

SIBAR ? &&‘&‘Eﬂﬂlﬂu L‘/Tﬁ;‘?ﬁut ET ~ UT ﬁ‘-, [—;T‘gFIJHﬁ—T, + H”jj—/\jt Rt )IEAE?EUT:‘Iﬁ I/;ljfl-i]
HIRPA > FRF T R TR AR - T ﬂ“ﬁwp%“@Fﬂ
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SIEMENS B4 £] 2 504 SN 3-1) » dE R = I (iR =L B F
EX ?‘J”’{F’FJ SNE L EAE %%Fgat » 5 %%Fgﬂ.&ﬁ—mﬁﬁ&*mDT) %amff‘z@%‘*ﬁ
[ZR PSR FE T RGE W (TBOI ) 4 - HRA F*W\Elgﬁéﬁiﬁ
y[[qgﬂl 3-2 B4, o

neaming ) supong ) mecton 3| || repar

Re-Coating

[wr |
1o |

sccoaogto |8 comntona [ vor o |SH erang
specification

Incoming Electro- [ Define reparr
inspection chemical ‘ measure
i

=3

‘ Quality / Documentation ‘

A 3-1 R ) L

Incoming Conformance of
inspection conformity
- mm s mms o In acmmnu lllll
1 In accordance to specil t:ailnn"- No |
= Findings? 1o specification? Y E‘A : ndings?,
1

repaired

e |
i 32 34 7] PR

Recoating

3117 ’E&*‘%?B :
e ST [ BB F %Fﬁé” B A

(Turbine Airfoil Coating and Repair Gmbh)
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NSt

HE.‘B -4 ER (VT +PT)

G P R R
check Striping® PT
1 3-5 #7547 ARBR

312 [ AV R RIETOR i
- [ (-
Ty

q%ﬁl 3-7 A & B
o

[l 3-6 * 7 R A EF’TWFI’E'T@
TR [ -
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[’%\'3-10 =5 Tip weld

97-062 ) R #F 2

Cut wire Shot Penning {& Ji
& LA Overspray fol e [i&

q‘%\@-llLVPS : 33mbar
Preheat 700°C
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VPS /LPPS
Vacuum / Low Pressure
Plasma Spraying

HVOF
High Velocity

Oxygen Fuel Powder injection
Process Gas

Spray gun
APS
Atmospheric
Plasma Spraying

Nozzle (Anode)  Cathode GT Component

[ 3-12 {5 VPS,HVOF,APS ¥ it it

97-062 1 W #F £

Multiple electron beams vaporize elements in a vacuum chamber.
Component cycles within the vapor alloy allows stalagmites to grow on
the surface of the bond coat.

forizonhl
Manipulotor
—

Meteiel Coning Ingots

[f 3-13 EBPVD f=" [l 264

Wi3-15 EBPVD # 4 TBC
(:?A.FQL;:},lf”}IE@ FEI RS A

AU RE

17
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[p 3-16 & AH T A7 U R A
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ANAVAYav:;,
l‘\_‘?”ﬁ- P

313 PR | IR R PR
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B pE

:f

[ﬁ' 3-18

Delamination check
(thermography) after
coating process &;ﬂ 3-19

Executed if required

Frequency Measurement

| . |‘|‘ b 2
'”.»wMJT.W.!LNJi!W;H’F_ﬂ'iyw,.{\ru'u_ﬂ-‘t,,\,v ﬂ‘;ﬁ 3-20

e o

S 0 ] i L]

d. Computed Tomography R&D(X* 3D CT,)fy F & [ & ¥

19
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T 1 DA e b § snoains sy
R

q%ﬁ' 3-21

e ior 1 gl of 294 1157 61 wsel]

e. [jf|38 Pre-Sintered Preforms (PSP > R&D) *;FE'?F”J”U e

3148 HE| 2 ﬁﬁ?ﬁﬂ%ﬁ F‘,ﬁ? < EL¥E(Component Assessment Criteria)
TR T [l (s -l 3-22

Inspect & Advice SIEMENS
Component Assessment Criteria (CAC)

+ Refurbishment specified by TLV (German: ,Technische Liefervorschrift®)

« Different components » different CAC

+ Describes applicable |&A and repair processes incl. acceptance criteria

| TLV for Vo4 3A(2) TLel ‘ TLV for V94 2 TLa2
(stationary vane row 1) (rotating blade row 2)

ﬁ%’[l 3-22
NDT * Ftlgg (e AR @*‘%@f‘?{%‘ :

+ Process certificates as per DIN EN 1204

+ Inspection requirements as per DIN EN 473
(;Non-destructive testing — qualification & certification of NDT personnel’)

m B4 E % Scrap Criteria(= §f) -

20
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E3 2] (modern, Advance) Fi)- /ﬁﬁ” ]~ SETREBIC F%}):{—%——;-HAJ CF VR R

BI U5 [ (S
AEFETENG 0 25/33/41 k EOH

BESE S Scrap K -

HHERE %4*% I BRRRE © RUSEE ]  JURR R -
S ﬂ[&ﬁ.

i

SFHEBCR

@
PP 5 ()

m A F|%Scrap Criteria (Finding) Bi3-24

ﬁ?ﬁ[ 3-23

Airfoil indication

Airfoil crackina

Trailing edge: deformation with cracking

[l 3-24

21



Shroud netlike trailing edge indication

Heavy deposits after crude High temperature corrosion:
oil operation overheating suction-side

Al 3-25
B2 RWE BT RF MY (LTE NDT): 5
ﬂEMENS%f%%dF§ﬁ$§$”EIOOEOCHF&3OM)h B (B
I TS R TR R 7 2L o 25 K EOCH R SH=Q Y1 3-26 « IR~
HE%%@@E%@ﬂ%S’WW}NO

Maintenance Concept

) Current 25K EOH Service Concept

ECH = 10 x Starts + Z Factors x Operation Hours

25 kEOH Maintenance Concept (25MAC)

Factors e.q.:
8 1625 50 75 MO0 125 175
Fast load
1GY Position
Fuel
L™
MI MO HGPI HGPI MO 2. LTE
Ml =Minor inspection

HGPI = Hot-Gas-Path Inspection

MO = Major Overhaul (includes HGPI)
LTE = Life Time Extension
HGPI-Interval = 25,000 EOH

Inspection interval = 4000 - 8000 EOH (Depending on Operation Mode)

[l 3-26 3= i A RIAEE <A
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Combined Consumable +
Mon-Consumable Component Risk

Mon-Consumable Component Risk

s
o
g
2
ul
E
=
2
=

Equivalent operating hours/ equivalent starts
(end of design life time @ 100,000 EOH or 3,000 starts)

q;;',l 3-27 LTE A% s2iisVet gl (=X

SE S %ﬂ:&r;ﬁﬁaﬂ '/F?’E’ @(creep) ~ [ S(LCE) VIR ~ 5
BTN o EWERARLGE ()Y R R SRR R R R R AR
FTRHA « R T | €I 7 PSR R FHF‘
P 3-29) » WS (SIS, - YRR G bﬁﬂ%‘&p | PRI A ST RS L
g qaaﬂ 328 5. o

Wet Corrosion Creep Mechanical stress

during turbine operat. lite-consuming due to High-Cycle fatigue,

high temperature load Low-Cycle fatigue

T — : 7 LTI T i - O
i . T— = - w.’"
Erosion & Mechanical siress ||  Erosion High temperature
contaminat. || alternat. bend. stress, || comb. residues, || corros. & oxidat.
site condition centrifugal force abrasion

il 3-28 TS 53 17
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Aging Mechanism and Design Criteria

+— Design criteria and life expenditure effects E—
Time dependent life expenditure Cyclic life expenditure
Yield L .
Components strength, | Oxidation, Wet Low-cycle | High-cycle Crack
stiffness | COrTosion, Corrosion, Creep fatigue fatigue ati
erosion | erosion (LCF) (HCR) | Propagation
Turbine blading - | - | | ] ]
Compressor
n - [} - | |
blading
Inner casing,
mixing chamber, - | - | | | a
exhaust liner
Raotor parts
(excl. blading) . . n
Pre_ssure-tlght - i ) A -
casings
Piping | | - a - n |
L] Significant contribution = M _ 2
O Affects only locally, if at all . §ﬁ FI ’ D ’ * #B F&"
Irrelevant

[ 3-20 FFHE SRR R

3.2.1 Pty 5317

O LCF » [ &% FRFA SR ) QIR (=2 o Bl 2§ crack)
VIR R R S TR B o i pfj’ﬁg;;cg o

Low Cycle Fatigue / Example

Heat up s
period during =1
start | |

|

\_
+ =

Cool Down L
period during i
shut down

ﬂ - . Main drivers:

Damage after

= Stress / Strain amplitude
several load

cycles
3 LCF "1z = Stress concentrations at the surface

= Surface quality (surface roughening,
as caused by oxidation, for instance,
can reduce LCF life)

®] 3-30

o ifgﬁgﬁ(creep)

IR ~ =BT v o (A FF 3 2 A0 PRS- = Ak -
® iy i 7 (HCF)

P | ] D D L SRR SR S+ 7 % YA - SR
R AR AR - BRI ] (I 3-31) -
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High Cycle Fatigue / Example

Interaction between Blades and Vanes during turning.
Due to resonance and vibrations can occur - HCF

blace j

NN

[réﬁ' 3-31
Qi ‘%l 5 I"“‘(Embrittlement)
PRI - SERE R o BIPEEE I R 1T (o T
Jos ﬂ’i”zlﬂ’?‘fﬁ'@l HJE‘U/% HRL sk -

EEENEE
PR R~ SRR AR RO R IS e [
AV “Jflﬂﬁ&@:plﬁﬁ e UnNA SR fz“ﬁ A 1 &1 1#@
HELRTRAED o 2078 B LRL - | 7J(i/['ﬁ%ﬁ' 3 32)

Sisbildung ¥ Vsl Briritvharis -

Al 3-32
3.2.2 B RAGH AR

RRFG I % 3.2.1 Bl Ve ) A P*Jl’%ﬂ%‘“%%ﬁ“mﬁﬁiﬂﬂn Pt
(LTE) - cp?ﬁﬁrflf” [ proZ eIy - 1) b%'ﬁ%?vﬁ“% A P o o
;ﬁg‘i%iﬁun UZ/D_'\ ?“ 3-1 ?“Frrl— :
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Design group | Component Advice Check for
Secfion
Imtermediate shaft, entire testabie magnetic lzakage flux method
surfacs ulirasenic testing Cracks (v, MP, UT)
[Visualinspectbon [v]
eddy cument testing
magnetic leakage flux method
Wrasonic testing
Page 289 Ritor, all rotor compenents mechanized UT bone inspection Re-gualificaton
MSgnElt IEakage T menod
Uitrarsonic testing
Page 30 Compressor discs. rmechanized UT bore inspection Cracks (v. MP, UT)
magnetic Eakage fu method
Page 31 Tie rod, entine testable suface \Wiara sonic testing Cracks (v, M2, UT)
Page 31 Camping Cones A1l damping cones needs to be replaced at 100.000 ECOH
magnetic leakage flux method
ki esting Cracks (v, MP, UT)
Page 32 Middle Hellow Shaft (Geometric measurement at [ast major overhau! pror o LTE and at LTE  [Damage [ defornation )
magnetic leakage flux method
Utra sonic festing Cracks (v. MP, UT)
Page 32 Turbine rings | L, ¥ (Geometric measurement at las:t major overhau! pror 0 LTE and at LTE  [Damage / deformation
magnetic lzakage flux method
Page 33 Tie rod nut, entire testable surface tra sonic festing Cracks (v. MP, UT)
magnetic lzakage flux method
Page 33 Front hollow shaft \Wiara sonic testing Cracks (v, M2, UT)
|Rear hollow shaft, entre tesistle magnetic leakage flux method
Page 33 surfacs \Wiara sonic testing Cracks (v. MP)
Ura sonic testing
magnetic leakage flux method
Page M4 Turbine disc 1-4 mechanized UT bone inspection Cracks (v, MP, UT}
Compressor Section
Oamage [v]
Cracks (v}
Deposits {v)
Materia loss.
Corrosion |3
Page 35 Compressar blades Feplacerment recommended for efficiency recovery and low risk operation. [FOD's (v)
Diamage (v)
Cracks (v}
Dieposits (v)
Material loss
Corrosion
Page 35 COMmpressor vanss Fizplacement recommended for efficiency recowery and low risk operation. | FOD's (v)
Compressor vane carner [, fransifion to
exraction, half joint area and
Page a7 guidewsys miagnetic kakage flus method Cracks (v. MP)
TOmpressor vane carmer I, Tanshon o
eraction, half jont arsa and
Page 37 gUideways mizgnetic kakage flus methaod Cracks (v. MP)
QImpressor vans carner 1, ransition to]
exraction, half joint area and
Page 37 guidewsys magnetic lzakage flux method Cracks (v, M7
Page 37 Compressor cutet diffuser magnetic lzakage flux method Cracks (v, MP)

Turbine Section

Rieplacement of TLe3 recommended. Afier metallographic imvestigation

Metallographic nvestigation for
changes in microsiructure and
comosion of 1-2 vanes at beginning
of refurbishment, closest possible o

Page 38 TLe3, enfire vane further operation for another MO interval (max. 132 kECH) possible. 100.000ECH
Metallographic nvestigation for
changes in microstructure and
comosion of 1-2 vanes at beginning
Feplacement of TLed recommended. After metallographic investigation  [of refurbishment. closest posshle o
Page 38 TLed, entre vane Further operation for another MO interval (max. 122 kECH) possible. 100.000ECH
Metallographic nvestigation for
changes in microstructure and
comosion of 1-2 blades at beginning
Fizplacement of TLa3 recommended. Aftier metallographic investigation  [of refurbishment. cosest possile o
Page 38 TLa3, enire blade further operation for another MO interval (masx. 132 kECH) possible. 100.000ECH
Metallographic investigation for
changes in microsiructure and
comosion of 1-2 blades at beginning
Replacement of TLa4 recommended. Afler metallographic investigation  [of refurbishment. dlosest possiole o
Page 38 TLa4, entre blade Further operation for another MO interval {max. 122 kECH) possible. 100.000ECH
Uracks In 0= area of fe cosling ar
Fage 30 Turbing vane carrier pensirant testing hates (v, FT)
Feplacement dependent on findings according to maor overhaul checikist
Page 38 Seal ring segments or when vanes will be replaced [sequental replacement possio’e) Damape / deformation fv)
Burner Section

26
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[ Designgroup |

Companznt

| Advice

Check for |

e T T
Replacement recormmended
n dependence on findings operation for further msjor overhau! interval
Page 41 Bumer inserts (mazx. 132 kECOH) possible.
Replacement recorrmended
n dependence on findings operation for further major overhau’ interval
Page 41 Flame wbe bottom segments (mazx. 133 kE0OH) possile.
Page 41 Flame b= MDE in case of findings
Feplacement recormmended
Further operation for additicna’ Interval (max. 133 kKEOH) after
meialographic investigation.
Page 41 Nizing casing (sarnple taking at last miner inspection prior to LTE) Ietallographic investigation
Feplacement recorrmended
Further cperation for addiienal Interval (max. 133 kKECH) after
metalographic investigation. (sample taking at last minor inspection prior
Page 42 Inner casng o LTE) Metallographic investigation
netic lzakage flux method
VWall thickness measurement at last major everhaul prior to LTE and at Wall thickness measurement
Page 42 Outer jackst TE. Cracks (v. M™)
MEgNENG IEakage T menod
\Wall thickness measurement at last major overhaul prior fo LTE and at Wall thicknass measurement
Page 42 Cambustion chamber dome LTE. Cracks (v. M™)
Page 42 Ceramic heat shields Fieplacement n dependence on findngs
|Page £2) Balis and tile holders Replacerment recommended
Page 44 Gas distributon (Spider] Rieplacement recommended
Page 24 Bumer, complete Feplacement after 100.000 EOH the latest recommended.
Tasng, complete
Page 46 {critieal areas like flange connecbons ) |penairant tzsting Cracks (v, PT)
Page 47 Cner Casing penairant tsting Cracks (v, PT)
Page 47 Exhaust Imer pensirant tzsting Cracks (v. PT)
Cracks
Page 47 Blow off Pipes, Ar Fipes Fact finding Deformation (v)
Page 47 Inzulation Replazement recormmended
Page 47 Tumine, Compressor Support penairant t2sting Cracks (v. PT)
pEnETan: testing
Page 47 Exhaust compensators at last minor inspection prior to LTE Cracks (v. PT, borescope inspection)
Manes ]
Fecormmendaton to cusiomer: Overhau” of ausdliaries acc. 1o
Page 48 Auiliares, general rnanufaciurer mstruciions Functenality (v)
Meazures i dependsnce on the configuration (contact engneering for Cracks,
clarification ) Deformation
Page 48 Fuel gil piping on combustion charber  [WDE + Wallthickness Wear (v, PT)
Measures n ::Iepen:lenoe on the confguration Tcontact engneering for Cracks,
clarific Deformation
Page 48 Fuel gas piping oz, pilot gas piping MOE + Wallthickness Wear (v, PT)
TWIEEEUrEs 1N OEpEnDEnGE o TE GonngUIsIon |Contac: engnesring for
Page 48 Ignitizn gas piping co c'arification )
Fuel Gas valves [emergency stop
walves and control valves) electro
hydrau’c converters (including spare
Page 48 parts stored for longer than 3-5 years)  (Major overhaul in Bedin shop or Replacement recommendad
FUEl il VEWes (EmMErgency Siop valves
and control valves) electre hydraulic
converters {including spare parts stored
Page 48 for longer than 3-5 ye=ars) Replacement recommended
Tooling @r and Dow-0f pIPES, Dpes,
Page 48 rmounting and compensators Visual inspection for damage and deformation Diamage / deformation (v)
Caoling ar and blow-off pipes, weld
Page 48 beads penstrant testing Cracks (v, PT)
Cooling ar and Blow-off pipes, Feplacement of compensators in dependence on manufacturer and [dentification of design of
Page 48 compensators amount of stars compensators
Uracks [v. PT]
Page 48 M steam co pensirant testing Wall thickness measurement
pEnsTrant t=sling
Page 48 M water co wall thickness measurement Cracks (v, PT]
Fage Fuel il vaves co Wsjor cuerhau” [n the Bern shop or the supplier shop] or repacement
Fage 20 Fuel gas valves oo Mzjor owerhau” [n the Ber'n shop or the supplier shop] or replacement
Fage £ Blow off valves sjor cwerhau” [n the Bern shop or the supplier shop) or repiacement
VenEn mecnanical revolmon Conballer 15 U5ed, Ga Dranon at st sand m
Page 48 Fevolutien controller Miuelhem

SFSEHI fHRERC )

4$[

%< 3-1 a5

AR [l 3-33 & 3-35 *LI',;@@E[ AR R RS

27

’

Gl



97-062 & B I & @ oA

LA i

Rotor related LTE measurements

[ inspections and Tests
] Repsir expected
i

Replacement recommended

[f13-33
ESgiE JH (R0

[#13-34
2. PRET A |
SIEMENS
LTE measurements on Combustion system
Gas distribution : Burner & Addltl0n6| NDT tEStS
2 Burner Inserts
- MT surface crack detection of weldings at cooling air-, extraction-and
Flame Tube 1| Ties&Tie blow-off piping and several welding transitions on outer casings
Bottom Plate 22, 3 Holders
il - MT surface crack detection of weldings on exhaust casing liner and
compensators
- MT surface crack detection of compressor vane carrier
Mixing
Chamber - PT surface crack detection of burners, flame tube outer shell

- UT wallthickness of combustion chamber dome, bumers and piping
[ nspections and Tests

“ -PTsurface crack detection of turbine vane carrier at cooling air holes

[}%1[3-35
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3. SR I e
B SRR R R MTLUT -

a.MT [ I Aa I Esih/ 545 Disks
ﬁfj Pl plr gt ~ p[1 R g~ Tie rod with nut
Turbine rings -+ J[Iff 3-36

UT inspection

ut |nspect|on
111 all
| - __I_

MT inspection

MUT "B/ 545 Disks
mll.aﬂlkm > Pl IR

Tie rod with nut

%‘3-36

b. HEIESE %8S Disks UT A% I 5 #] -
Disks f/]7W UT » 91 3-37~fj 3-40 -

GT turhine disks
areas of the highest stresses

Ampliude .
Eeatrical Impuls surface
inas
Transcefier Imparfection-Echa
0 f If
Companent - - ¥ ‘.
/ Y D
e =
Impercections Zeit

[f13-37  Disks UT ﬁ{ﬁ%‘}iﬁa
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MT inspection

UT inspection

B 3-38 Disks 3 &+ % UT H

US-indication

e TR et s P s AP mm—
Al B i BT s T e ot |

ﬁ‘?ﬂ' 3-39 Disks Ff=UT H5%

investigation of the present inspection technique on the test block

Results of the evaluation on the test block
confirmed the theorefical investigation

qg\l 3-40 Disks Disc Hub AUT ?ij', WASHHI % I—é’?jfﬂ,ﬁf[

30
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3.2.3 Ry TR & HTATRCE TR

B IR VRS 5 ¢ TR 259 0 5096 > TS06RA i o [ 3-41 B AU AL
LEERURE FRHE ST B IR RGO R e S R i I 3-42 -

Example: V94.2 TLa 4, after approx. 85.000 EOH

Sample
L ) Mechanical Tests
surface structure structure beneath surface
Wl
& s
Metalloaraphic Tests e 100 pm

ﬁ?ﬂ[ 3-41 BA TEL% > A hlﬁ’[ = ﬁ'ﬂi’”ﬁﬁ [ PAR LS

Sample for mechanical fests (example: TLa 4 GT after approx. 85.000 EOH)

[ 3-42 B BT
BT ] R
TS ~ (S SR

Taking of samples
{(air foil)

Evaluation of mechanical tests — creep test (sxample: TLa 4 after approx.

Evaluation of mechanical tests — tensile test [sxample: TLa 4 after appros,
25,000 EOH) 85.000 EOH)
1200 L
@ tests at 600C  Service conditions at
uTs ® - half length of air foil
1000 | = £10°C 100.000h
- 1
£
= 800 L £ tests at TO0°C
£ Ei £
= ¥S0.2% ]
£ o0 8
2 @ - test finished withoutrupture
g 400 ~ material basic scatterband, mean value +-20%
= minimum value according to EN10302 o TLad, air foil
a0 || # minimum requirement ace. to delivery specification ® TLad, root
O TLad,air foil 100 =
S Tisd.roof 16 17 18 19 20 21

LMP = T+ (¢ + log10(t) ) * 0.001

] 100 200 300 400 500 GO0 T00
Temp. (°C)

Evaluation of mechanical tests — LCF test (example: TLa 4 after
annrox 86 N0 ECHY
10

T T
s T
- I
25C TLad, air foll
® 250 TLad, root
o BOOC TLas, air foll
& BO0C TLa4, root

[T

e

-

Total Strain Range ()

[1§]
100 1000 10 000 100 000

Cycles to Crack Initiztion
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b. Inner Casing & Combustion Chamber ZFI#ENF 454 ,;%F’i (ﬁ%ﬁ‘ 3-43) :

Sample Taking

B4 20 mm @ 0 3 mmi%

ﬁ%ﬂl 3-43 Inner Casing & Combustion Chamber ZFIHITVARE

SI PRI Elifﬁﬁ#[*‘fﬁ*ﬁ = I"“‘/’I_&f]éﬂl . ﬁ@?ﬁ Eﬁ(f’%’(“ff{l@‘é‘?ﬁlglﬁ@) o FIHIENT
(=N %%?I ’ ’@ﬁiﬁfﬁf 8 TN E AL F:’I I’Ffl [ I R = 'J/\%T
2,000 hrs » B H TUELE ST ﬁ%ﬁ’fﬁ 15 {5 °

Example: Inner Casing V94.2, Material: IN 617

Initial state after approx. 85000 EOH)

= re

|

(Inner Casing)

100 pm 100 gm
axddation along und undermeath
the surface

Example: Inner Casing V94.2, Material: IN 617

Initial state after approx. 85000 EOH)

W

Papil

LN

d fermation of carbice along e grain
grains

augmanis
bR ries and wiEnin tha

i3-44 & fFT R
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3.3 H PYEAEE IR
3.3.1. SIEMENS OEM £ £ i[5+ 51(9608 T €132~ R ) -
SIEMENS OEM f | 2 Al 1 - P R s o B b IR 3-45) - 51
EHE AT FFIE D 9608 1 * &‘*5%’* ﬁﬁ“ mﬁﬂﬁm’ 7 Fru & plTSTEMENS [* i
?P;rﬁ > R ?‘[ﬁ"’ Subcontract ~ ’Eﬁﬁnﬁ]‘ o - Iﬁ?‘fpl

f [
Protoholl ber Frfiaol-h. T Feocrd o.:
TACR Oberflichenriipe Jtung '
SIEMENS : Tutb il Caalrg Surfaos Srack TACR! N/ 0BI07 0782
g G Eumilinforyd  [SeerPaps vniok
i s | Covmer___ Semems A
] TACR A T TACA ING.._ 5000016635 Tyl Tjee: SETG-2000E
£ Beslr O - 27IMER Bacel 7t Tel
b PR PG T INTHLC
2 Kennwrt | b nane: Hainta 23 Malelslan-t | Maleda Macler
E Wei A Mo s BIgR Trdesthicang | mclng .
= [Anzabd Guanthy: 4 Sticl [ Aubendeschietung Cuerecalig. .
2 Beichn-r  Deag 5. DE-B4RL-12401
: Fehlerkatalog fiir FE-Prilfung -
= Catalogue of deviation for Py
. Code Gernan English |
= ALIN lingare Anzeige | lnear Indication |
e - Beselch it linearen | Area with inear |
T BLIN A :
i eigen Indications |
- EINS Einschlag Impact |
PORK Porenkette Porechain |
PORB poriser Bereich | Cluster of porosity |
KERB Kerbe Nolche !
ANET netzariige Anzeige | crazed eracking
PEFO Deformation Defomalion
ElZL Einzeliinge Individual length.
UMLA umiafend | Circulaling,
AUSB Ausbch | Break out
06 Durchgang pass

[ 3-45 R 5 L

3.3.2.v84.2 51— ;REtF[*Jﬁ Iﬁﬁlﬁ:#ﬁﬁ

SIEMENS % E.fra;*fﬁ“ FIRETE IS o MERVPIRLINERE | S 55 A AR g R il Y

I [ I
THEHZE L4 PRy » 7 SIEMENS B 4 7 LEADER [pj £l i et iisi -
uiﬁzﬁwp E 7§|‘&)J— AEE A e

S R R TR T R
4.1 5 3 BB A2 ffFWB@—TfFL%Fﬁ]
TWI Risk Wise for Gas Turbine FLEFSEf 5 i hERERS (0 5 52 1 et b i i (i
AT FARES S RERR T e D SR A el Ve lp‘ﬁ‘vﬁﬁﬁl ?%Z

Jfl R G E WFﬁJ/TﬁFfMﬁEUﬁEU _Tlﬁl VEE & EIJ?F[ Nozzle /Vane » shroud
blocks > blade/buckets(il[lﬁ?qﬁ' 4-1) -
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Nozzles/Vanes || Shroud Blocks

Blades/Buckets

411 RIRTE (T R R A RS R
U + RS g
kAR  ETEUA (oS

s S SRR KPR

i@ 55

402 IR IR 4-2)
A R
IR R T

38 &% T Ay

3 [
anseque
Damage Meckerian 27020 Huwa | 59240 ouws | 1360 Kol RLL (]
Elsin [SRCENN=E = E e T 710 o
Cosp [SEEENEENEES W 1 o
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4.13 IR (T
L%@?%ﬂﬁ ﬁ‘%ﬁ%i“f@%EWWO
FER (U SR T 1o S i R AP
3%%?”%%fmﬁﬁ%M@%WW°
ATV 7 -~ ST E 5 70 BT S~
ikelihood of failure -
S SV S TG BV RIS YR PR
(consequence of failure)

??ﬁma— IEI*EW Y[ 4-3 ~[l 4-8 -

Papir i | New Proposal | evo Focusd) ocus Prapsal |
Daintae e =
me [Geoom emlate
Component | Icada | Selected |=
=] Turbice
T2t stage blads - ea &)
2red e bl & SESE ]
d stage: hiads & THSB a
i stage biade & Fose &)
14 Slage vane RGEN [s]
2rd Stags vna I REEN 7]
Jd5iage vane IR a
Uih Slage vane ;JE FOs [§]
@ Sugehiod |G FSS [B]
dSlage ot (& SESS u]
GdSlage rud |G THES E]
b Stas shicud iq ik [n]
Tubine - et @ TRen o
-] Combuston
Cap Acrenibly B s 8]
Camtustion liner s oo [u]
o e e % hen =]
1 Burer -’ Feu 5]
F2 Bume! i FEU [N]
Flame hokd rng O [FLHR a L

% ABC - First stage blade [Proposala)
Rt St wew Repar pndue ben
Papu lite B SR S B oot o
(

[Fniatise

f ltem Propeities
- Gowwal ~
Merulacores MHI
Gaa Turbine Hadel S0F
i B - Fi 1238 bk
. i stoge bl
CombutenTyse o
et coH
ne
Tot
Custare Here
Commission Date [nmisn) Decerbe 270
saresnen] Dt [enid sy deruniy 2005
= Manulachaers fecommendation:
Irmpeetion nberial- EOH 2
Pisplaczsmnard irerval - EOH 0000
Feommerien Conticiert - EOH a
- Design Conditions
Buase Design Metal Temosratue Tl am
Base Decig Gas Tenpewshae [T) 12m
= Past Opesating Conlions
Elsped ECH 1000
- Dpesaiing Candtisns
Maamun Opstaing ek Tamp [T) [}
Maamun Dpering Gas Tews ) 12m
Pails Rolating Speed (pm] 3600
= Fubure Fuol Plan
Fiineuy Fuel e
Secwrtay Fuel MHear
- Future Ggeraling Condilions - Prmary Fust a

[l 4-4
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- Liseihaod Foctars
LFL Cunert conliniian mpesion s — e
= F2 I3 nkae the 1o wBrcd Wbl e e TMkos 500 s
Bosen i Unibay W L
e m Unlkay W Lk
The e P o Mroubh o UnBsh
=1 LF3 Evectimnact of repa o procaareme sgan:
(=
ey
Tharra o

51 LF4 Vet ol ok mpention:
Fesim

L
Tharr Faigm
i R

The el Fague
LF?. Reuuningiepsd ive.

- Comsaquence Factns
CF1: Enetas lekease potzril W b ererricpie
CF2. Expected shas ncde. W Bt

N0 bt
W Liay

sy

‘= oot g i Eargvecedy

CFd- Tretn Foger
CFS: Thiea:ss pevarnel v Gormurty — tote

[l 4-7

36




97-062 & B I & @ oA

LR
Ran kg

Q%ﬂ 4-8 E‘I,—Tx” (F /2t faa 11 (RISK Profile)

. | 27120 Howe 54240 Howe 81380 Houe [RU

mE @E @BE
Cieen WE @E @E
ThemdFaigee [@IF @I @*

50000 .. [Ewnon FEE K3 B i
si00 |2 | Creep mE (@ B& w0
S0 |G | ThemolFaioe @ F @ 2 W s

4.1.4 tﬁ“ﬁ@f—'rm (F‘,gﬁ»?gqga |05 ) RSKIWISE RLIFIE A7) -

ﬁﬁ fl:r«~

* D I%Wﬁrﬁa@ f?j/ﬁiﬁﬂﬂ/ﬁﬁz

*?@Qﬁrﬁﬁ'ﬁ' SETEVE P

* [ETAEEF]
eV i i (S THLRLE fAEN i =270 (likehood of failure) FHkAEHIT# ¥t (consequence
o ) AL RASTS + SAURE UBIfO 7 S | A
VR T HE S fﬁﬂuffﬁ“ﬁéﬁj[ﬁ[ %gfﬂ% [ﬁr[ Ix%f%gwﬁgr] [ﬁr[ BTE RS
E[ R - T f]réf’f%i(l’ome)%’\gr‘ﬁ'ﬁﬁ’ﬂﬁﬁ?ﬁ%ﬁ”?ﬁ@ A~ EOHE‘/ e 2
ETTELE PSRRI EEA(CI) - e R & [ k& CIL iy Sl CII -

37



97-062 & B I & @ oA

4.2 TWI ¥z 8§ T

il 4-10NDT % Fr %
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[l 4-11 2 [ 3 = 2 LB
4.3 73 LR
4.3.1 Long Range UT: ij[l[ﬁl 4-11
IM:{LFEH%I%EU;;Tﬁ 5 %24%% ; FIJ)&%JE”:SOM%WIJ , £ I,fFJ 3%}51@3@% S0
T et A
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