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MskentmalasAEeadng Centrifugal Separation RGRRES nummuamqmﬂumwmmwmmuu
nstsaneuay ﬁﬁcLLaLmawmwucu«Nw\umwm@zumnﬂawuh\mm Ladmaﬂamumm
RV REVUERE mhlmmu BIGEIGRENIEERIGE 11/ﬂumamammmmmﬁwmmawmuwqﬁm
SASIAEDUDE NN TS kY R saluumazelenosglnsallii Eﬂ,mcmanaummw}mnmlu«mu.m
mummmlwﬂwmwwl.mmwmw VeSSl EponuuUnIs A ey Basket "Uu»mqmﬂwm
PlEaunsathlUSiessiay LLf”l’SmMmlcadmmmaumum ,,

Sugar Basket Inspection(n1sasavaeugunsaindeluvinig

vilavemuatu (Type of Centrifugal Separatjon Basket)
lunseuIuNITUENIMEaRenNIIN  Massecuite  Huilussinnes
gunsaliildlunisuen o 2 vlinke

1.1 Discontinuous Centnfugat Basket
LUu'mJaﬂumumwumimammumaﬁ]mumﬂwumaumaﬁﬂﬂ
Snetnanilvin “Batch Type” Tavamibumdiatiuflidurhmmaiii
AMANGIER

2.2 Continuous Centrifugal Basket
Lﬂuwmaf]wumm ;JmsmmumE]Luaaimm“ﬂuuaﬂmmaw Y
ARAINENT LLmNaﬂHmuﬂ’NNLﬁ’}li’aUVl’s;‘l\‘iﬂ’ﬂLLUU Discontinuous
type

T + + T+

4
4

1 Permanent magnet motor | 2 Feeding pipe used for masse-
cuite orientation
3 Casing | 4 Basket | 5 Booster Distribution.

fumaumiquauamw (Inspection Procedure)
nsnyasyniotuainsouteeniailu 2 wuumudnuoe
gunInl fall

2.1 Discontinuous Type (Batch Type)
nmsnsiaaeundetuvila Discontinuous Type HUANIANTIA-
aoulalpedl 3n1smTIvdaURall

2.1.1 Centering Inspection

2.1.2 Nondestructive Testing (Magnetic Particle Testing,
Penetrant Testing)LﬁamiaﬂLLmﬂ%’]’Jm'm?qﬂCritical Component

2.1.3 Thickness Measurement (3nA1unu1wa9 Shell) 1ng
Ultrasonic Thickness Measurement .

2.1.4 HUB Inspection n13asI9aeuan meas HUB 7i.duge
fn8usIge Basket

2.15 Metaltographm replication (Additional) Wiomuiinuos
598UAN31 (Crack) 30 amwmanaqwumﬂ‘m’mm

2.1.1 Centenng Inspectron
msasadeunsiinilisasdonihnisdagud ( Center ) uay
Alignment m:umawermsa”l,ulmﬂumumaammiLLﬁl‘uLweﬂaa-

Mildliie  unbalance ﬂuwmuua{]u (Basket) panisainy
VAeve mzaqwaﬂiwu"mq part du|
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2.1.2 NonDestructive Testing by Magnetic Particle
Testing or Penetrant Testing iW aMIIBUANT 17
"Lum'immaamaﬂLLmniﬂauuaJUT‘nﬂivuuunWi Magnetic Parti-
cle Testing LaMsOELAN wmmammﬂu Carbon Steel uag
Penetrant Testing I‘u’sﬂﬂmﬂu Stainless Steel Tmﬂmaaams
neaouayly Fluorescent Type oy Sensitivity YDINTT
mwaau‘lmwuaﬂu Batch Type 4qwilyn critical fisioevin
MsnsIvdeusit

2.1.2.1 Welding between Shell and bottom
2.1.2.2 Shell of basket between holes
2.1.2.3 Bottom Plate

2.1.2.4 Welding line of the shell joint

2.1.2.5 Welding between top plate and shell

O,

2.1.3 Thickness Measurement (IaA17unu1v89 Shell)
“lum'imiaﬁ]aaumwwuwawﬁai’]u (Basket ~Batch Type)
ﬁlummsmmumaLwaﬂiumumﬂwm‘uaa Shell wnffeduiias-
nnmfethufiinsldmulugu Shell asiinns@nyinld axumun
294 shell anad lnuANuMUINaAaILENNINRENA 19 shell
Wansanuale

Name Point 1 2 3 4

A 526 534 499 52

Basket

Batch Type

C 525 5.36 524 53

2.1.4 HUB Inspection
NN UANINYRY  HUB VILUuﬁmmEJLmﬁ]’mema Basket
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HUB Inspection

2.2 Continuous Type (Type C) 3
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2.2.1 Centering Inspection

2.2.2 Nondestructive Testing (Magnetic Particle Testing,
PenetrantTesting) Lﬁa‘miaﬂLL@ﬂ‘?ﬂ?@ﬂuquritical Component

2.2.3 Thickness Measurement (InA2unu1vee Shell) lng
Ultrasonic Thickness Measurement ,

2.2.4 Metallographic replication (Additional) tievniia
Y24388WANTTI (Crack) 30 anmuesianniinisldaun

2.2.1 Centering Inspectlon
mnsaeun1sdnfednsdowinsdingud ( Center ) uag
Alignment mmﬂ'riwmwsaluvlﬂﬁum:maaummﬁl‘u iietlosiu
Iu’lw,ﬂm unbalance muwmvr:uai‘]u (Basket) Uaaniuauideme

szdepanszvulug part duq Taglumiethuulin Continuous
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2.2.2 Non-Destructive Testing by Magnetic Particle
Testing or Penetrant Testing iW aMIIBEUANT 17
"L‘um'immaamaﬂLLmniﬂauuauu”[mﬂiumunm\/tagnetlc Particle
Testing LWaMTOBLAN UuLumammUu Carbon Steel uay
Penetrant Testing IU’AE{GMLUU Stainless Steel Tmﬂmaad
ey wly Fluorescent Type oLyl Sensitivity YDINTT
mwamﬂmwuaﬁu Continuous Type ﬁlumf\]m critical gD
MsnsIvdeusit

2.2.2.1 Welding between Shell and bottom

2.2.2.2 Shell of basket between holes

2.2.2.3057191CrackUS I LT OUAUUULALATUNG 158 Y
waumletlu .

2.2.2.8 953991 Crack USHMLWITaURABY8Y Shell

2.2.2.5 97199 Crack USHIMANNA1N FEAANIAUMWIEN

2.2.2.6 A599v598 Crack souiluaiv

2.2.3 Thickness Measurement (TmA21unu1vee Shell)
Ium'immaa‘ummwm‘uawua‘f]u (Basket Batch = Type)
ﬁ]uumsmmu‘mLwaﬂiumummmm‘uaa Shell wifothuilos-
nsfoduiisimsldanludim shell azifnnsdnyiili anumun
284 shell anas lneAnunuINanas aensnne1vaIxa 19 shell
Wansanaale

224 Metallographﬂc replication (Add:tronal)
wevnullaves se8unnd” (Crack) wie anwwesiagiiinis
Waunlpgisnmmeseudussrinmaessufistunulngnsda
auidyn uatldaaadiin weglassads lneasld Film aenay
1A5985 1919980 1ANINNTIATIEN

COLD-WORKED RECRYSTALLIZED
METAL METAL

HEAT AFFECTED ZONE

TEMPERATURE

RECRYSTALLIZATION
TEMPERATURE
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Case Study
Tunsdifegellauandliiiudsseleviveinisnsiadey
nielu (Basket Inspection) iwedssfiuanudemeszning
Tuwsietiu (Batch Type) I‘U‘tﬂ,ﬂnﬂmiwaaummiumumﬁ
avaeunliotuiinig uitme mwum‘[,uam Critical A99)AIUERS
Tunm 1

Figure 1 Basket Inspection position

logaadwiiveansnsadoutiy  wuaudemenusnuumu
(Hoop) veamsiethilaenuses$na (Crack) (A 1wl 2) nszans Tny
sauwmulunnadudsanudssillduanudemeidunsie
WNLi1899N 58831 (Crack) d Ton1a M19g Propagate uluiian
mlmuian1suaniIvgaeeniionviintulusenineldnu
wazvihiiinaudemiesregunsallndifeaniedunsieneyly
ulel

Figure 2: Indication shown on the hoop by Penetrant Testing

%amw‘%ﬁ’w'ﬂ,ﬁﬁﬂmﬁms’yzﬁazmazLﬁaﬂimﬂlﬁﬁﬂsqumi Mi-
crostructure Analysis tefagganunrsoesnMiinTulaglévi
nsdawSeuiy (nwi 3), Etching uag de3d28ndae Microscope
(il 4) Welwevidnuae lassaiemeganiauwasdnuny
saaunnialuseAuania (Micro)

Figure3:Grinding process in MicrostructureAnalysis technique
Figured:Using portable microscope to analyse micrograph

‘\]’]ﬂ‘UUWEJ‘LJﬂ’TiW] Microstructure Analysis Naawwﬁlma Micro-
graph (Wit 5) FeanunsailuTieesdludednldannainuans
Tifudasesuaninidanuguuseiiszilugaiudemediun
Jumnlulasunsuile

Figure 5: Micrograph at defect area

Tudslanineniiu Micrograph wanilannsnaguls

“ Micrograph show structure of Austenite with twin bands.
Cracks propagate through grain boundaries (trans-granular
mode)”mmaummiau'ﬂﬂhLﬂuafmwuwaqmﬂLﬂi'}vwm
mmmmmsammnsnuiaﬁmamnwaawmulm wuzilivinnig
Lﬂaauumu (Hoop) vamffotu Auddulinuaudeme)
Lwa’me’nmmummammunaulﬂammmﬂﬂmlumﬂmﬂmﬂ
sewindldinudielvingiothy (Basket) 1l Reliability mwumuum
msulug Zero Breakdown (mmsnmmwmmulﬁlu Wide
Englneenng Talk) Wannnsdiviildfiuldedradnnuiiaude
meniinduasdugnamnssunasyselovdduuniaiaves
mm‘smaamwaﬁamumﬁmaama’tui winslFauit azvin 1
qul,awaﬁsﬂ,m NINGAY uazdunsgroU RN

TO BE CONTINUED
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ﬂ"mmemmmLﬁamwawumuaﬂﬂimmaLﬂiawﬂiummmﬂmmﬂ“[ummmﬂiiu
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MTIATI ez mw“[mmwmmmgjmmaiwaqmwmawwmmmﬂiimww‘lmdumaua
Tunistesiulilliifanudomediusnluowen  luunearwiazeniamundsmenia
Tuhedvesransues Fracture mechanic J )/

Brittle and ductile fracture
nmauaninvesiagiidulassamdnanunsaduunlimluaesila
Gh

1.Transgranular fracture
sesusnvztind unelunsudaausaiaduldlunsuanuuy
willen(ductile)waznisuanuuuiung(brittle)llagdiuiinnisuan
Andnuailaziinann fatique load %38 stress corrosion craking

2. Intergranular fracture .
JesugnIAnTumUvaUNTUlAYEILINANTULANA Y LLAR
Jun creep %38 stress corrosion craking

Brittle fractyre
NSLANTINUUULREIANWEASUANUUUNLNTY  (transgranular)
FuA3e Fend cleavage Janfiinrnudemaludnuaeiiay
laiiiin plastic deformation Iedunaineqfeazlifeeiinnis
wWasuguneunsuaninTiuiansidemednuuziaziinuuy
\deumau uenvntu Brittle fracture Geansnsnifnlaludnuy
UDINTTUANALVBUNTU (Intergranular) B dnwaiy N1suAnvinil
drnnnagiindundadovu wu weavlesa viae dawes Miavly
meeuweuInIU LS sEasErInTUanas

Ductile fracture

miLLc‘lﬂﬂﬂaﬂmeLU‘Uﬂﬂ”Lﬂﬂ plastic deformation (necking) Ep!
m'iL‘lJaEJui'tJ‘uamamﬂaum'ﬂaamsﬂmUaiummamwutoughness
ﬁ»‘l‘\]vLﬂﬂﬂ’l‘iLLﬁlﬂMﬂaﬂ‘UmquﬂBL‘LIE)’JE!G]"\]uﬂE]FJ"]LLEJﬂﬁ]’]ﬂﬂ‘LJVI’ﬂM
LARYBIIN (void) wanantiu void %"ﬂE)EJ"]'i’JlJF]’JLﬂﬂLUu’iE]EJ'i’]’J
(crack) wazRamsidememuannsusnvnuuuiisildAeo
VYUYV

Equiaxeddimples : Flat part Elongated dimples :Cone part

Ductile - brittle Behavior
uammmsmﬂaammammmn ductile Ty brittle Tolusng
geuninila mﬂmﬂaﬂut.l,ﬂaaummﬁsmnm"LéTmahi The charpy
V—notch (CVN) impact test Tumaun1Ivaaay Charpy impact
test

1. namLmnamaaﬂmﬂmﬂmaﬁlummwu W30ANUSDU

g UWLL‘I/N’Jﬁﬂ’J’NI’tALW]Uﬂ’]EJIULﬂ‘iad impact test Tuanwzuul
Uau

3 &a91niisly 5 Jundl Udew striker ATUUUYIEIER)

q. mumwamummeammmsmmulm
nUBWe  striker uummsammm stram gauges Lwa'[fﬂumimu
AN I,Lia’l,mnwammlmuanmnuuﬂwwuwanivmma ductile -
brittle transition mmu steel Ty Asuau Weaneda
waz o15wiln 'wmeJumwﬂwamwﬂumuﬂa&JuLuJaﬁ (transition
temperature) meumLUuwaLaammamamﬂsﬂmummm AAa
Fareu wuanild uaz Nowag ‘Vlqu‘uuﬂvlﬂamamwnunmﬂaau
LLﬂamﬂmaﬂL‘Uaauﬂmammmi brittle Uiy ductile 147
ammwmaa LUuwammmaﬂwmmsmu impact load Iy

—_—

=T 1
1 u:-
120
100
80

o0

Charpy impact energy. ft-1b

120 =40 0 40 120 2040
Temperature, °C

TO BE CONTINUED
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& 3/ <) & A’I 1 = ar < A
NTINgeUey  (Reverse Engineering  WUNSZUIUNINAATUAIUNARAUNLGZUIO
aﬂﬂizumqs]mw.aﬂmaamamimaaaawauamqmmmawmauaauﬂmLﬂmmmﬂwumu
mamﬂmwmvmaadmmmuwu
ﬂumiﬁUﬂuﬂJauamumuﬂ miaama&J“ummu,a”i‘diwwaqmuu‘uyaﬁmLLa“ﬂiimﬁmwam

?Juﬁ’JULLGlaw‘UUﬂﬁinﬂ?JU‘tJuﬁ’Jwﬂ”N‘]LUuaUﬂiﬂ.miaiNUUi’deﬂﬁGli’J‘aﬁaUﬂEuﬂu‘U(ﬂ

WAL TIOUE VBN AR AT UaE TE NN ARz ST Y ,,

AIUUNITVNIAINTIL EJ?J‘LJT?J EJ?JEJ’NL(;']&I?U LL'U‘U‘NLﬂ EJ’J‘U?N

Reverse Engineering System

Tnguszasd
Tutlagtugusenaunisluniagsisgramnssulabinnuaulaniy
NSYIMINIIUEBUITBLTDIINANER IUAN IR INATAINT
Wusnee i

FBIMs “poauuy” mamnmmmmmm’mmaumumﬂmwmvuu
W3p91NUTENAUsEImAL afnwn kAR S st uld 3un1een
WUULALHARLNBENalS . |
fosnsusulTmdnduivesnuasiiiogilominliduuuinm
wawdl Teazduatervuamanaiialinsuiiu
—mmmmamumuadmalﬂuLmuwmummammmmmEJ'mEJ
Luaamﬂuuamlulmmm'ﬁmamﬁuumumﬂan@ﬂmalﬂmmuawu
ALY NI TENAT 1A NI 99193 PdId A7 1EN
Frvinlaviusennudndulunis T
Fm.usﬁumuwawvumanswaausaﬂ
mwmwumwanmnssuﬂausaauul,tmaaﬂl,ﬂu 5 9819R8

1.mmgmuﬂﬁaamlfuv(Desugn and Drawing)

2. anu3inuTan(Material Selection)

3. MNUFFUNINTIIAU(Inspection)

4. AMNUFAUNIHARLEEN5TUTU(Process)

5. ANUFAUNTIATIEEANAESMY(Failure Analysis)

1. m'msmumsaanuw(Des:gn and Drawing)
N1590NWUUNRYUSEANTAMNAISAIINeNY flow chart mcaalﬂu

ANEIANNHARINNT

wiuatgaziagntaddumn

dupmzidrumuazansanandu il 1@

Y

AAAIAZIANILL VI IMHNZAN

2. prugiugruduiag (Material Selection)
msAny IR UMaterial tuannsautseonifuz ndude

2.1 Material science (Tanmans) Aermansmineaiuniseu
mﬂmmwmwumum&J’sﬂuaﬂwmvmaﬂmaaiwmsﬂuauummqq
WaEATEUIUNIHERAMAIY o

2.2 Material Engineering (Janimnssy) Aarmansiieniiv
waNN1T JuiugiuuarnsUsTyndAINg

3 mwswumumumsmsmaau (Inspect:on)
mimiwaaummmLmaaamﬂuz Uszinnfe

3.1 mimﬂﬂaauLLUUWla’m(Destructwe test [DT])
[Junsnsreaeulnefidesihatstunuuasiunuivinmnsioaey
vgldanunsavhunldanuladn

3.2 msm’mﬂauLLUU”LaJmma(Non Destructive test [NDT])
Lﬂumimaaaaiﬂmwlmmawn1mwumummsﬂmimaawmm
YULNLAS awmmmmmuaalﬂ LATUUT UINIRSIAEBU
annsahluldaula

AMmnInouing
dnspection Material)

|
: )

NIRRTV WY nasnsouiuyhivhaw
Destructive Testing DT, Non-Destructive Testing. NDT)

s zasindniom b zaaimdinaiom

AT AN AR faunmiosiin uarmely

Am AMAIAT

Tnssadgamn nuaIRToviit Visual Testing

nuanmoudwrniminiuPenetrent
NYINATOUI IR Testing.
PR nams :incui‘uu\gnw.:..:maMagnen:
. e X Particle Testing.
NNENATOUANTTUNN
nIAIRNEoVAINIzumIuEddy Current
MINATOUNIA) ;
‘ Testing.
il L nuninAwganilstinUltrasonic Testing.
ATATARRI NN numImoudwnidwn mi i Radiographic
3w Inaandeganin Testing.

4. mwg"fv’uyué‘mnwné‘muazms?‘f ugu(Process)
Turuiun1sndafiii 19 unuiamInITugousaeAUMaIN
wmsmLﬂuaaﬂ'U'3uﬂaUmﬂnﬂ,uﬂmaaﬂi‘mwaiwwam‘uumuma€]1
Foghamnyaudsauiardilaiuguindunssuiuniamd
mﬁ]vwﬂmn’rivmﬁ'miiuﬂauiaﬂLﬂulﬂ"l,mamaaummnivmumi
wAmv U luilaqtuiised
) ﬂ’]i‘waq(Castmg / Foundry Process)
- mnuIusy (Forging)

- M339 (Rolling)

- M33n8nTugU (Extrusion)

- MInadaTugy (Press Working)
- MINGAssuU (Machining)
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5. ﬂ’J’IJJ;,'mumi'Jms'r wﬂ'J’iJJLﬁEJmH(FarIure Analysis)
mifaLﬂﬁmmmLaﬂmauumﬂmua'ngaa’luqsumumim
Reverse  Engineering #38 Imnssudauses Lieagnnisiay
mmwaumemamamaulwawLmuwuﬂiuammwuumaamua
m'mmmwmwa'[,mnmmmLaamaﬂamwam‘lumswammmLmuuu

wldfunuiiinsesnuuy vie  mswawn LS ARnAIY
\doyvannanuefiundoananud odlunisi aziiedam
wushdnlusues

‘ULIC‘I‘E)‘LIﬂ'ﬁ’J Amswvianudene

| doya /Mr0d13 |
&

a ad

arntoumdoyaruidy

| A3290UNDT/DT |
&
yRaBUTUA T T

4

‘ aplwansinsicd |
&

| U601 Report AUz TRty I

W LA INLERITUADUNTIATIERA MY

DATA o o

= Photo data
l-}\.lL‘.'RF PART - Drawmg

PRIMALY

ANALYSIS "Dt e

- Defect Type
DT (Work procedure. job
fpz;fr)(v\ul procedure, job spec)

SECONDALY

ANALYSIS

| REPORT  |——| -History Record
SIMULATION
CORRECTION }—01 - Development

LHUATWLARSTUABUNSIASIERA LA MY

Iﬂﬂﬂ??uiWUﬁﬂu%@ﬂﬂ’ﬁWﬂ?ﬂ’]ﬂi‘ﬁJEJEJUiE)EJUUJJNﬂE]EJNENL'WE]IVI
ﬂumuwm‘uuwmmuuumi z@nsnlndid ENLG]JJM?EW]ﬂT]LG]lI
mmsnaw‘uuwau NSVIMIAINTINGDUTE Ellﬂﬂ\'lu

Fa
" T - -4 :
wioadnanazqunael |, { WORMEDMN

WORK - soyann ¥y
1 = doyanioanuuy
i1y Analysis - Yoyan1iSiniw A wDT,NDT
- Yoyanndinanianudens
jaaMatenal - Yoyamudoniaauaz nidivdyaiag
‘ «—— - Ao DTNDT
. o o o
- nunde - nudaiavujy
7 ",
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ﬂWiﬂﬂwﬂﬂUﬂ?7ﬂ?WUimUVHiﬁﬁuLﬂﬂ?ﬂUIﬂiQﬁiWﬁﬂ?BTNﬁNUﬁ
LUUMaﬂ ﬁ?uﬂﬂﬂLﬂS?ﬂ@ﬁﬂUﬁ?ﬂ? “JamrnIn’ Qu“ﬁuﬁﬂUNN?ﬁ?ﬂiiuuu NUUHINTT
Ui~8ﬂm1%ﬂ?7ui%uﬁﬁﬁWUQULﬂ81%@JﬂU?ﬁﬂﬂWﬁmiUﬂﬂﬁQUi?NﬂUﬂ?iinﬂﬂGﬂﬂﬂﬁﬁui
Lﬂﬂ?ﬂU?ﬂﬁnW@Lﬂﬁﬂlﬂﬁﬁﬂuwﬂﬁwﬂ aa%uuuwvﬁumﬂuwaqﬂumaqﬂWi
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Material Selection

Janmans
lassaintormonvedian
WUSLDLABNVDIIA)
Tﬂiaaiwwaﬂﬂanaﬂ
mmlmawm‘uamaﬂmsﬂ.ummaﬂ
u

Jandmnssu
-AuanUAvevianuaasyiln
-nseanuuuli sl ruldinunzanidondan ldauniy
INTFIU
-nsiieniagfunnannglimingan
—ﬁu‘]
n1sduunvasian:nsuusianlumadmnssualdlansduda
mLa,umwalﬂnavmﬂmamﬂ‘zmu Fanvanusauvseenlsiiu

1. Ui“LﬂﬂIaVi“ (Metallic) Sauvagoendu 2 ‘num )

1.1 Tavefidumdn (Ferrous Metal) Toun wadnnan (Steel)
manwaa (Cast Iron) wranusawa (wrought Iron) maiam
Sufiilmdndussdusznaundn (ron Base Metal) Wy wisnnén
na (Alloy Steel) wiinl¥aflu (Stainless Steel) vsawmannan
ASUDU (Carbon Steel) (Hudu _

1.2 Tanedildldmén (Non Ferrous Metal) fo lanefilidl
swwmanlu safuszneu Wy agd (Lead) naauns (Copper)
dangd (Zinc) fiyn (Tin) ogdiey (Aluminium) wunil@es (Mag-
nesium) uazlavenauvaslans wal WU veundes (Brass)
usaud (Bronze) .

2. Usziavielaniz (Non-Metallic) Fsuvseanidu 2 wia Ao

2.1 JansssuyAu 819e53uYIR 1 fu visne

2.2 Jandunseniudiuud Wwiln ensdunTen wanadn
agnulw

maawnaumanuﬁ LaNwUNII Y9
1 Lwﬁnnmmsuau (Carbon steels)

wannd1arsueuAowani fdunansznieenmaniuse
AsvouraniulushsEIud mmuamumminumw’lfmuléﬁmEJ
mmmsuauavLLaﬂaﬂmauummumwmmuﬁﬂmmeamamﬂu
7an LLE"LL‘UQEJE)ﬂL‘Uu 3 nau fia

1.AMANANSUBLAN: m'maumm'l 0.20% (Imam‘mun)

2. wianasuauliunans:  Asuswegsewing  0.20-0.50%
(Inenivitin) .

3. WAnA1UBuE: ATSUBLNINATI 0.5% (laetihwin)

Fig 1 ASTM A36 steel plate, 9.5 mm (Vs in.) thick, Fig 7 ASTM A36 steel plate, 9.5 mm (¥s in.) thick,

os-rolled. Structure consists of iaxed f os-rolled. Structure consists of ioxed f
;'s.o (white oreas) and peorlite (block w.:;“ 1; mf:r "" (wh-'- oreas) and peorlite (block o.m.?)" 1:/ n.:n

n1slulgau

WiAnnamsuau uJunamwmﬁ'[fzmuamqmwmmm L
ammwnﬁuwamnaumulwwumuwLflumammumamaq
ﬂsuﬂmusmmm‘miamaﬂLLmummﬂiwmw'me'Luamawmsm
hlU wdnndvdediiruudaios wilon LLavLLﬂssﬂlmmﬂhnu
muvﬂmaqmsmmuwmaa

WaNN1581U carbon steel grade

carbon steetavm‘svummammu'm 4 van Tngsinualsnay
Jushuen msUi nawan(lxxx) LLav’LumLmumaawvmum
yanansusenausesdiy 2 mmemauuauLﬂumuanﬂimm
miuau’lwuasaamuﬂuaaLﬂaimum Tasnhwedn Wy 1060 steel
924704 plain-carbon steel Fausznause ansuevluuiuia 0.60
Wadduslamiin

YUAYDY carbon steel grade

10xx Plain carbon (Mn 1.00% max)
11xx Resulfurized

12xx Resulfurized and rephosphorized
15xx Plain carbon (Mn 1.00% to 1. 65%)

A E f*? -»5
£ ;\ ““p g &
e \ ﬁé /& it

ASTM A27 steel, grode 70-38 (0.26% C,
Fig. 7 oymun)_:s.-.u...!m. normolred
by oustenitizing of 1205 °C (2200 °F) for 30 min ond

oi covking. Widmansionen ponern of prosutectord for-
ite in @ matix of ferrite ond peorlite. 4% Nitel. 250 %
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2. iudnnaman (Alloy steel) o
wanndman Ao indnnanfifldunanvessindusBaenuie
NFMASUBY U dniialNi, Tasdlen(Cr), TwauAtu(Mo),
ugandaivn), arau(S)), waznuden(v) Wuky wauaduly
\awmanifieiunuandRdteluil

1. HANANUUTIL o .

2. Yiuupsnmuandinienansitgaumgiigauassn

3. Ufuugsnumiletva Tanilnnautesgn
- WRANUmUNIUNSEnNSe
- WmAMuAnuMsianseu
. dinpaaninusivan
. Bu9
wdnndmasdansanUseentiidu .

2.1 widnnamaus (Low alloy steel) fie widinndmsivsann
V94519 WNIINATUBN Neawlaiiin < ~ 10% lagimin

2.2 wanndmangs (High alloy steel) w30 aniedasile (Tool Steel) A
wEnnéfiiusinasInBug uananasuey wasAu > ~ 10% Tauthuin

o U A

~

Fi 17 W4 woter-hordening 100l steel {0.96C-
9. 0.66Mn-0.23Cr), os-received (Rl on-
ncaled]. 170 HB, Structure consists of spheroidal ce-
mentite in o ferrite motrix; no kemellor constituent is
present, Compore with Fig. 16, 4% picral. 1000X

AISI M2. Heot treated ot 1220 °C (2225
Fig. 67 °F) for 5 min in solt, oil quench, ngs °C
{2150 °F) for 5 min in soh, ol quench. 64 HRC. Groin
growth due to rehordening without anneoling between
heaot treatments, 10% nitol. 400X

871994 Material Handbook, American Society for Metals

TO BE CONTINUED
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London
Pakorn Nimityont

gineering Technology

DEVELOPMENT OF CREEP DEFORMATION AND DAMAGE
MONITORING TECHNIQUE FOR POWER APPLICATION

By PakornNimityont

) )

MscAdvenced Mechanical Engineering, Imperial College

MSc Advanced Mechanical Engineering, Imperial College London

Today, creep failure is a limiting factor in the design
of high pressure vessels in power stations.To assess
the creep damage ,metallographic replication
on-site technique is currently used to evaluate the
microstructure of the material, which can be
performed during scheduled outage. This
technique also  requires inspector’s  skill,
metallurgist’s experience and long time period to
assess the creep condition for power units.

Softened acetate 1ape

Tape appied 10
surtace and dred

From this drawback, this technique is considered
unsuitable for providing real-time condition of
creep degradation necessary in  planning
maintenance procedures.Therefore, the Alternating
Current Potential Drop (ACPD) is developed and
used to monitor the variation in strain rate to assess
creep damage conditions. By installing electrode
arrays on the surface of tested components, the
electric resistances are measured and converted to
strain results, which is possibly being used to
predict the creep remnant lifetime.

To implement the ACPD technique to assess creep
condition of the pressure vessels, small electrodes
are permanently installed on the surface of the
components and the known current is injected
through two electrodes forming the potential
difference.The voltage is measure across the
remaining two, and consequently the resistance is
obtained. Then this process is repeated at the
perpendicular arrangement and the second
resistance is measured.By knowing two resistance
values in perpendicular direction, the ratio be-
tween two results is obtained, known as ‘Normal-
ised Resistance Ratio’ (NRR).

w7 [N
J g

During creep deformation, the component is
changing in shape (extend according to loading
directions), which lead to the change’in resistance
across the electrodes. ACPD is therefore considered
as a strain gauge with high accuracy to convert the
change in resistance to strain results. From the
known normalised Resistance Ratio, it can be
converted to strain and strain rate results by
equations as illustrated below.

=1
B
d NRR
_ 1sy Wherey = NRRYS and~f = ——
ExR iy sNRR s

From the results of stain and strain rate, the creep
lifetime prediction is accomplished by the equation
below 1

(tr-t)=—5

Where ¢, represents the creep lifetime, Q) describes
the total damage, y is the differentiation of aspect
ratio and k is a constant denotes the ratio of the
strain in two directions, -0.5.

Where Q/k can be found by the slope of the

Equation below :
InG)=2(r-1

Ymin

In conclusion, by implementing the Alternating
Current Potential Drop (ACPD) technique to assess
the creep damage condition of pressure vessel
components in power units, the online monitoring
can be accomplished, which can provide valuable
data to plan the maintenance process and optimize
the efficiency of power generation. The power plant
can be operated without the shutdown period for
lnsgec_:tlon as done by the conventional inspection
technique today.
reference
-J. Corcoran, C.M. Davies, P. Nagy & P. Cawley, 2014. Potential
Drop Strain Sensor for Creep Monitoring.California, USA,
ASME.
-Corcoran, J,, 2015. Creep Monitoring Using Permanently
Installed Potential Drop Sensors, London: Imperial College
London.
-P. Nimityont. Development of creep deformation and damage
monitoring technique for power application, London: Imperial
College London. TO BE CONTINUED
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Somsak Nimityont Ui“’IEJ‘U‘Iﬁu{]QQUH.

Consultant, Pakorn Technical Service

’LummwmwmmwmammmwauawLﬂmf\nﬂmimwmmaa
Tuivmwmwammﬂwauaw"l,mumimwaauLLav'JLﬂmvwmn
uasanldlunng LLfﬂm‘memmaami Shutdown w"l.:ulﬂaalmmu
°uaﬂsumu‘lwaﬂamumuﬂua(mmmm Emergency  Shut-
downimseitiagtulumsvegalssnu (Plant) thiil 2 sULUUAD
1.5cheduled Shutdown lumsfvuangamuUNUIUUNR
Fadulumuunuany

2.Emergency Shutdown LUUﬂ"I'iMEJﬂI'N\‘I'Iu Plant) I@ammq
NﬂﬂﬂmmmLﬂiaaaniaﬂﬂimmLﬂuawisqmu (Plant) laifeanis
LLauwf[,wnﬂm'iqiyLaﬂﬂﬂ‘dmammuﬂuauLLauiwsﬂ,ﬁ

Tuwwnpnupansi ZBS. Mdnsanuisnueenilu 3 ngu

(1PAN519711)

!

Planning & Execution Control
» urilgywiouzon
= ¥ PM ausu
= §an1sarudne (Backiog)
= Wiwvuzon
n

msgadouardn o
)

lysis.

= Failure Analysis

« Root Cause Failure Analysis (RCFA)
dirouarnsgoio * P Reliabili * Reverse Engineering

ugeine =

. silfuresrnunreine

= Saviaunbmnaaieine

Software Products Software Products
. sm Svare Part Moruqcmcnt System = 5PO-Spare Part Optimizer
Management System = PM Improvement Package
- MS'R Maﬂlmstmleq: Reports - RCM-Reliability Centered Maintenance
* MSB-Maintenance Strategic Budgeting = PMO-PM Optimizer

Maintenance Organization Performance Improvement

(§1989%ayaa1n Productivity Associates Co., Ltd.)

ya8L1e):Cost Control fudiunslag Productivity Associates Co., Ltd
Loss Control Auiunsiag Productivity Associates Co., Ltd
Risk Control siiiunsiae Pakom Technical Service Co., Ltd

Wumsmaunusuissmnlnsendedeyaiiiinisfuseies
INYARA M3BBUU Program software wUseadanaiuau
warAldane wasiuiludeyauseid lulagiuiivigveneg 1ada
vidu  Software  THruusidesiinisuiulgslimnsiudnuos
nuluwsiazgravnssy

) )

Wumahdeyanifinisfivauduwnieudisulssananainiinig
ﬁmﬁaasm"l:amamnwmLquIULLaVLUwauaLwaLLﬁ‘LmLmauam
"memusuauawumﬁ AT WUnAu

°1um'immmiwaua1n Wivannn)svinaulagunduaiiun
um'i'lkuﬂﬂammﬁlmﬂmm UwﬂiﬂumminLLf’Tlm‘memlmmU
SIUNTITVIATBYAINATATIVFBUUALIATIENIINIIUATING
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maammmmmﬁvﬂﬂaLmaauwmmmuLLavmaﬂ‘uuﬂa‘zﬁmi
wanganvinsinuiadullldvn nUszaumsaiiilavihau
TudnwurilinumAndinisvi Cost Control uag Loss Control
dnsvieguduardnisundeyaid seduunldudlondlu
159URAAMIN T SULAGMTUINIUMIAIU Risk Control And1e133y
Tildvhegeesafsfwediausuuianudelunsvilasuuaiy
MdatauDAIll

3.1 Inspection

3.2 Failure Analysis

3.3 Reverse Engineering
Tngluwsaziidadmnuisdastunandovsyneutuanusati
TUldun deynnlussezenle

NNINTIADUATIIZ Wuiisruuasesdnsuay zgunsailagfiarsan
'nmmqs]mmuﬂm maqwm’-ﬂaa'uavlmavmwumﬁmsmfm
gounInTIvdeULrpvAsseslinaivdieyataausazaiuise
ilssudieuluadsieluls
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NNTNUTBINUIBIUNITATIVABULBEAADUIINVDITTING
Aasgianudemengndesasiilugnisuilufigndesduiien
fiu
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dwsuunanuiveriaueidesnmsh Failure Analysis 1W312U1
ﬂ.,L‘f]uaamLUului]-'\m'uuLwiﬂwiidﬁwu‘luamawmimwG]uma
M3 Weuemnunlaeyszana 510 1 anmuedgUnsaiiivm
m'imLaLLavmwaawnnmaaummaauamwLiaﬂ’;ﬂﬂnmimdu
m’mr’ﬂw{]mmmLﬂummmmnLﬂswuwmmmammiumuawa
UausuuIAnnN1s¥n Failure Analysis System fatl

Failure Analysis System
sruumsieswsitdymutsesndu 2 dwu fe

= NDT (Work peocedure, job spec)
= DT (Work procedare, job spec)

SECONDARY
ANALYSIS

| REPORT  }——f . History Record

CORRECTION |} . Development

»13709 1: Failure Analysis System
Primary Analysis
L‘LJUﬂ']‘i’JLﬂ‘J%ﬂﬂEJB‘WiEJ‘UEIQJaL'UEIW‘N'Q'IHL’EJﬂﬂ'l‘i?‘mmiﬂiwﬂa‘u
uarIInUsEauUNsaluIUsENeUB eyl ANugneealinINtin
Secondary Analysis
u.lum'i'aLﬂﬁmaEJ'Na.,Lawﬂ;ﬂamﬂaLﬂiaquaaUnim"lun'ﬁm'm
gauLarnAaaUNT e sy avIndnIvinsusazalv1ndl
Uszaunisnlinaguna ﬁuqmminuwama‘hﬂﬂmm gnABeusiuE
uanINlesEUUNTYIIY

Tun1sdmyin  Failure  Analysis

'JLﬂ'i’]u'ﬂLLa']ﬂ']’lﬁJﬁlu‘lJﬂTiLLUQWU']ﬂﬂ’l'i'ﬂ'N'Wu'L‘ULLGIa gd1891U
E‘)E]ﬂL‘lJ‘L! ﬁ']‘u"'l CRRPRREED]

(= mspecnion |
- NOT (Work procedure, job spec) |
ENGINEERING - DT (Work procedure, job spec)
PTS TEAM m«r |—_.| - History Record ]._l
1

M1379 2: Failure Analysis Division

luwsavdruaziinsvihnun@ensdeturimedudesauaznns
Tesendymluwsasnguauarsesdianudilaluntuasagy
Nudssiald aunsavhaudungulsd

Failure Analysis (Procedure)

JunauATITIA LS LUl

s
9
fmioyatmuaTimsamiaey
. 4 a
asvtoumfoyaiuRy
f52909U NDT /DT Wipemy
<~
‘inmerioys wszuiouifiounalasrain
PRGBLEMMIUDNASH

ApnamaATIEA —
.
109 Report A5z ideyn

1. Yoyauaziingn . )
mﬁwﬁamanamaqmawumumaamEJ el
1.1 waqalumsaammu
1.1.1 Drawing
1.1.2 Yeyalunmsmuim
- load
- ANNRREDY
- ANNANS I
- gilavesian
1.1.3 ﬂmammﬂmawmm
1.2 Foyanisliny
1.2.1 szuzansleau
1.2.2 @an1nuInaay
1.2.3 dnwaen1sideu
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1 ﬂ']E]El’]\i‘U‘LN’]‘LJ

1.1 ﬂ’]iLaﬁJﬂ‘UUQWUﬂLaEIH'IEI
WBGL{IUW’JBU'NVILU‘UGI'JLLMU‘UBQﬁﬂ']Wﬂ’J']MLﬁEJ‘WWUQNLUUGT’J
"Uﬂll'ﬁll'lﬂ‘ﬂaﬂ

1 2 WBnsiiudeeng
% MUMLE{EJMWEJGI@WNE!J']’IWF]’TWLE‘iEJ‘VﬂEJI‘VILMl]E]ULmJN’mVIEIﬂ

2. asrvdevLardnT e aadu
Wunisesvdeuuaziinssanimanudemevesgunsniuay
'uumu‘lﬂﬂ’lwauamwam‘lmnumammumawwmﬂivnau
Tunsfiansmnd sunsnssaunsney’ iassimannle(dofl
UseiRnnudomeiiuegudluanmilviloudu )

3. wmmwaua ﬂ']ﬂﬂﬂ’lﬁﬂ’l'iﬁi']f\]ﬂﬂll
utﬂﬁm%uawuaaLLa.,mvr‘umﬁmimmﬁaﬂmﬂ‘uauaLwa
Uivﬂ@UELUﬂ’ﬁ"JLﬂﬁwﬁ IﬂﬁlLLUQ'Jﬁﬂ'ﬁmT]"\]ﬁE]UElBﬂLUu 2 UYUIU
n3fe

3.1 NDT (Non-Destructive Testing)

32 DT (Destructive Testing)

4. N1INTINADU

4.1 minsvaeuuuuliviate (NDT)
n1smspvasupuulivhatsdunisasisasuiuiulaglises
Mangunytutunuignasvasuamsalinuldneluiisnig
ATIEDUAI

Penetrent Testing

Magnetic Particle Testing

Ultrasonic Testing

Replication Testing

4.2 N1IRTINEaULULUYIa1e (DT) .
mMsnsavaoukywiiate  Wunsesadeudunuiidesianenie
Fossineany) fuuq1umﬂm31aaaulumm'a'alwlu'lmmalﬂu'sﬁﬂ'ﬁ
AsIvEBUsE]

Chemical Composition

Tensile Testing

Hardness Testing

Microstructure

Scanning Electron Microscope

5.3wmsnvideyauazilFeuiisunalnainudevienaasu
swamanmeraduels
sUBuUvBIMSinANUEsMeAnTuiuTwY

5.1 Design/Processing — Related Failures
5.2 Service - Related Failures

5.3 Material - Related Failures

5.4 Environment — Related Failures

Fla0gNAIIAYNIE
Intergranular Corrosion

Intergranular corrosion

You may be faced with intergranular&orrosion for a
variety of ‘reasons. But the result is al:%ost always the
same — selective attack along the meta.'s grain bound-
aries—intercrystalline cracking, such as,we picture in the
photomicrograph above. In some ristenitic stainless
steels, chrorui'™ carbides may precipitate at grain
boundaries when cooling from welding temperatures.
Corrosion is free to attack chromé-starved areas.

Stress corrosion cracking

stress-corrosion

crecks 2

Stress corrosion cracking

Team up high tensile stresses with a corrosive atmos-
phere and you're likely to be in for trouble. Here's
how it develops. Tensile stresses build up at metal sur-
face under static loading. Corrosive action concentrates
stresses, causes them to exceed metal’s yield point. Re/
sult shows up as a local failure. Under continuecd ex-
posure, metal alternately corrodes, builds up high stress
concentrations. Eventually the part may fail.
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Corrosion fatigue

Impingement attack

cyclic
loading

Corrosion fatigue

In much the same way that static stresses link up with
corrosion to produce stress-corrosion cracking, cyclic
loads work hand-in-hand with corrosion to cause corro-
sion fatigue. Metal failure takes place substantially be-
low the fatigue limit for non-corrosive conditions.

Surprisingly enough, the combined deteriorating effect
of these two bed brothers — corrosion and fatigue —is
greater than the sum of their individusl damages. So
it pays to apply best possible corrosion protection when
dealing with metals under alternating stresses.

¢ flow

co-rusion film

impinging stream

Impingement attack

Similar in their methnd of attack and net effects are
impingement corrosion. and cavitation corrosion. Here's
how they do their damage:

An impinging water stream breaks through corrosion
scale, dissolving the metal. Lffect depends mainly on
liquid speed.

Cavitation, a common form of corrosion in pumps,
depends on the hammer-like effect produced by collaps-
ing air bubbles. Bubbles break down when they pass
from a low-pressure to a high-pressure area.

Selective attack

Fretting corrosion

plug-type
ezincificatian

layer-type
dezincification

Selective attack

Basically, one element of a metal or alloy is singled out
for corrosive attack. Cominon types are dezincification
and graphitic corrosion.

When we expose copper-zinc alloys (brasses) contain-
ing less than 859%, copper to wet conditions for prolonged
periods, zinc may be lost from brass. Resulting porous
zinc-free mass of copper has little mechanical strength.

Common cast iron can act this way too. In some cor-
rosives, iron corrodes out; leaving nothing more than a
porous graphite residue that virtually crumbles.

. g _. fretting ot tight fits
S 1 N < subject to vibration

o)

Fretting corro.icn

Picture the ball bearing above supporting a heavily
loaded high-speed shaft. Its inner race is press fit on
the shaft. If high-frequency vibrations produce even
minute slippage between these surfaces, local attack may
start fatigue cracks, especially where stresses concen-
trate. Take shaft and bearing apart. You'll find their
mating areas pitied.

Likely explanation for fretting: Slippage shears away
surface-protective films, laying bare the undersurface to
galvanic attack and concentration-cell corrosion.’
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ihseeuandaviilu Case History wiefiardnfiuladeanunsa
drunldlasaly
f29819 REPORT

CASE HISTORY

NAME FIRE HEATER TUBE No. 3 ( viguan ) sudhy

DATA  Operating Temperature 507°C Material A335P5
Operating Pressure 4.27 kg/lem2gar ) v
ognisl¥amendadoqiin 71 Dimension 0D 88.9 mm

FIG. OF WORK ( 3074 )

TEST RESULT (wan1imsivdou )
Dimension check Tensile strength

Hardness test Scale (SEM.EDS ) Chemical composition

0D 88.79mm x T 5.103mm 586.364 Mpa 160 [+ SA335P5
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