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Reliability and sensitivity evaluation of liquid penetrant nondestructive
testing in surface defect detection for welded components

Paper Presenter: Farhad Kolahan

Farhad Kolahan', Abolfazl Zolfaghari®

Department of Mechanical engineering, Faculty of Engineering, Ferdowsi University of Mashhad, Mashhad, Iran

Corresponding Email: kolahan@um.ac.ir

Abstract

Nondestructive testing is a series of inspection or examination without any effects on performance of work
pieces. The main aim of its application is defect detection and characterization in producing of components
or In-services of them. One of well-known the methods is liquid penetrant testing (PT) which is widely
applied to find surface flaws of products. In this paper, reliability and sensitivity of visible type of PT in
surface defect detection of welded components have been obtained. To reach this, some components were
welded which some of them had surface defects. Subsequently, some microscopic evaluations to determine
length and number of defects were done. Then, by conducting visible PT, defect characterizations were
performed. For defect length between 0.5mm to 5 mm, Comparison and statistical analysis revealed that
the exam is capable to find flaws with 2.58 mm and 2.05 mm in length by 90% and 50% probability of
detection, respectively. However, the smallest defect detected is 1.7 mm, the largest missed is 2.2 mm.

Key Words: Nondestructive testing, Liquid penetrant, Reliability, Welding, Surface defects

! Associate Professor of Mechanical engineering department, Faculty of Engineering, Ferdowsi University of Mashhad.
2 Msc Student of Mechanical engineering department, Faculty of Engineering, Ferdowsi University of Mashhad.



35%0%@‘ s o

BN
: o i ﬁ 3| &S oy "
8" Congress & 3™ nternational ® % ‘.. LrALAS et
Engineering Materials & Metallurgy 1 a L_;.)) j | s 3 3130
Conference  Conference 2014 -
Iranian Metallurgical Engineering Society & Iranian Foundrymen'’s Soci- (Ol s Sdida,y cale il g 5l pal (65 ¢l (aiuaigs faadl )
18-19 Nov., 2014 - shahid Beheshti Conference Center, Tehran, Iran O et deed el (ls tlen 3550 — VYAY LT YA 4 YV
doddlo

@ s 1 516,10, iged 5 dankad o 55 4 55l Ll plil (gl aS 05l o aiiS Sl iolejl 4yt e slo aej]

g lo Ll xas (gl Sty b oS 5 (5o sl oyim o Jilss b 5 laksd _L51s 5 oonans cogee olyine ] SaS
aazgi b oged lulid wipS oo IS8 askad o )15 base Llyd cod SIS o bg o) wl e j0 &S s gl
2 ogal gy B! (122Y (ASM) (S pal bl cpomdl £ Yo o ¥ o) ol o0 355UsS gulio 5o LesT 0050 6,515 @
3 B350 gy SelB L LLST o lebl 4200 rizren g cos g9 (CunBae 03Il iy 3)90 ankd i fo I else
gad gy dieb 55 o 0g)F @ Ol oo ) et Sl 93] Sl Gigy o e 010 (S S 3550 s g5l IS

(YAY ‘L5~>J'é 9 L5>l"))

(Liquid Penetrate — PT)dsb xlo (Visual = VT) o>

(Ultrasonic — UT) &gl 8 (Magnetic Particle — MT) o..blse &l)d

(Acoustic Emission Testing — AE) _lsl  isu (Eddy Current Testing —ET) ols 5 oL >
(Infrared Thermography - TT) 50,8 g0l (5,5 & )l,> (Radiographic Testing — RT) 5 ,Kg5

o3l g U g5 b gee Dlasio (pnd 50 gy 0 (il sabiie 4 (ormslin jloxe 50 (35l g, 8 5 pdy olozel

aS el L5 0590 Slastin b el giwd saims lid a5 00 )5 oo lo coe ais Jlial Ojse 4l ol el sol>
w ol ole g o pmne sla aesl Gluebl bl bl g aslone (Voo v legShl lsbel g ozl VA (> (45859 5
o dluce ol (Y020 ﬁsszﬂ g «55) 0,0 Olakad sile Bl jas pedU Cped pizred g dabad CulS 5l (6.8 sl oalS
Sy o ) mls g cal ools plxil el Sl ggo90 (pl jo a5 ol (35150 NTIAC® .5 ,.5 pll ABENDE" ,PISC”
9 Jogy) wisls )| Cario 10 gy 0 Fe it slo gasl sla Cobl b5l g Julov jelite 4y emsige soliil Cu @2 o (BS
I, (VT, PT, MT, UT, ET, RT) < 5 ¢ slo deﬂ (POD) aiS Jloxm! jloges $oo 5l i 5553 oS (VAAY 65,k
Wl ools alowl |y Slaass ane cpl jo a5 cudisee 5l dbwly pl jo .cewl ools &l sogams dlge sl g B Ll o

@ Ssolp ot o3e5l Gliebl Sl alin 5 b5l 4 Ll oges o,Lal (Ve o # ol Ko sl sy salls)5) @ ol (o0

3 Program for Inspection of Steel Components
4 Brazilian Association of Nondestructive Testing
5 Nondestructive Testing Information Analysis Center



9SAdas s

Ml e o 2

8™ Congress & 3" International iM ‘5 % L-D ‘
Engineering Materials & Metallurgy a IJ j dw_,ué,a S ‘9,0

Lonyerence Conference 2014
Iranian Metallurgical Engineering Society & Iranian Foundrymen'’s Soci- (Ol s Sdida,y cale il g 5l pal (65 ¢l (aiuaigs faadl )
18-19 Nov., 2014 - shahid Beheshti Conference Center, Tehran, Iran O et deed el (ls tlen 3550 — VYAY LT YA 4 YV

Jelse 2 Ll Slighos Gob oS oy o (Ko alg) ¥ g 3585 pas 57050 pos wges et )0 5055 5 (s (b,
Olireb! ol dgil Sldllas (wlul jy rizmen ol 3 Sy (Fd By, & opel pliebl ol Ggeil @S Sl
Slegil Ghg) sl polie cul a5 Gl TV g TEY S (Sl () Sl Gher ek pas 5 oS pas cas (e 0
331 31U 5 90 lielol ol o 4 4z 5 b (gajl szl slo e 4 az g po3) 4 (izeen (LT i 50 sl T -
Ol 5 b mlo 0Bt lo 505l Comlus 5 liebl ol anslio 4 (Ve -V AT 5 o) el o o)l 55
wse TEAN 105 sz osesl 0 el ol atily Lulul 5 TSl s jms oS 5lb SKagd ogme mnieids jslite 4 o5
Jsb mersSe comlys opdle and TR 55 a5 bl 5 il o oold Laieds 10V.0 5 o ool maiis el Ly
5ol @ls ol Coyeld i) 4 A6 e (yge3l (sl el sael sy yiewdis A0 ae3l ol Gl ad, s 3l S
el adis VY 0 aidy Cawd 31 S Job e iSle Y jaseias jo ololil g aidy cows JTAVA ol osls aseis YAAY
S Slon oley b9y 4 (Sl et oseil pliebl ColilE bl A (Ve Ve WLLL (o jpolity S lilol gVl o1)
aold 5 oy 5l glsel [Lazsl aygly 31 )2 5 o3o31 (nl 4 bgiye (POD) aiS” Jlozo sl it (28 lojl s 5 5 (TOFD)
2 Olsebl bl (s jglate 4 s (LB 58 (VWY e (ool coadl (o) auzslo  POD s 50085 5 ol g0
0l )l (s gy 4 (Sl B 0Pt it a3l Lagi odds 0old sl e e

ool 00518 (55051 3,50 Slge yrized 5 b oajl Lulpd 45 (T Sz 4 0 jls asll Glizees atie) cal jo Sliiow iz ,e
Cohld (2l 5o (e a5 (o p)lS ple g sl Ggail QL 3L b Wl oo e (nl o Dligkos 455 e
LT 30 xbans ogae 292y pas gz 5l odd (6, Sbaz VLA olslyh aranl pépede dily al 55 bl aLils wiansl oylipebs!
sl 42855 ol 33U mle o y5me 0 (9051 lasgh (mla gee S Lot a0 (ool ik

Vsl o gae Cpas o (Visible) Sie gy 4 386 mole ©pBre st ygesl licebl coblE LUl 4 alie ol o
Cobl 8L cux oS Slisbel 5l Jols sle ools Judos jglaie a4 .ol oo aisloy CKAS o¥gs i 5l Slakad g
R lel Judows 581 o 5 i 4 (YN Y cusl) Mh 1823 g 1581 o 5 a1 03l o] Cows oyt e slo a0l Lol
Jsb 5STam 45 b 45 e dao B 1 -0 o3l o e o3l (gl clinlo] ol ool s sl o 425,50 g o 4y

bu}..cuam‘jblj_»)bo)y u}A)‘ w‘).hoksl...av,v OMJ..MSMUQ)AS?;‘W‘)_@‘SL@Y,Y 4.._9) WQ)‘U.&

Dgr dle> o L V0 0yl oo 000 asis Jlis! gl ojlal cplojls as o e Jlial L) e Lo V,0A o5l

6 Lack of fusion (LOF)
7 Lack of Penetration (LOP)



9SAdas s

Ml e o 2

8" Congress & 3" International e M t % l:vﬂ
Engineering Materials & Metallurgy ]_ a (5.)).9] j‘f,,\'ﬁé,o ;“9,0

Sangnence Conference 2014
Iranian Metallurgical Engineering Society & Iranian Foundrymen’s Soci- (Ol s 84850 ) cale andl g 5l il (65 $Ils (eudiga paadil )
18-19 Nov., 2014 - shahid Beheshti Conference Center, Tehran, Iran O et deed el (ls tlen 3550 — VYAY LT YA 4 YV

A6 @slo © 5ol (5903

ool 457 3,5 (oo 1,8 00litl 5550 il 00,5 Ly oy axkad rhans 4 45 g (g5l S0T 5 (st jelaie 4 LS (503l 0l

gl e 5l paBlys bl jslats 4y mpo (Sxio 29y S Olsie 4 gy ol 39yl el sl Slale (Sige Cools 5 ()]

B & mleo ;5 oy g oole lo S L SFn 5 S Slabad 5l (apwg 0 )3 5 3 b 0y 5 (e sl S5

iy il 3o el G3l508 5 (6318 olge 51 (sl 00 S e3gume o (] (655 A Sl gail cnl Sblie 5 (S 09 g0 a5

sl 03T Slge ay Sl s 4y Slge ;5 (Soggy 5 (59,55 olml 5 Cughy il (i dlge b Al o ] cusgaze i

sl 2y STy Jolis gl plas Ll 05 o 12l (alises (lo 29, 41 9l Sluogas 5 (905 Slanl 4y azgi L

sy b SB3nST oS oy, o oyz Jed 5l oo Y Liwg Vsene Slalad olaw (5,5 e 5 gl (55l colel @
Slao cpl pogde aiS o (6 S sl haw g JSIo 4 JL mle 09,9 3l Cue wiled yoge S o 4 a5 Wl ouls
Jdo aod 4 aigd dzhad e Cgae ey Sl (o (8108 Gl a5 aS obnl ole wilis conl s s sai Y]
Wl oads o jekate ol 4 aS Pl Slule (S 5l cplpls ams oo )18 156 Sl 4 1) Gaej] Camwlas zlaw Lyls
D95 yaod MalS dalad mlas U 0ged ool

i aabd gl (g9, 4 45 398 (oo Jlosl aalid mhaw 4 S23SH S g0 4 U e 10l 090 e 4 WL b Jlesl @
(o b Ol pold it 09290 diws 93 3 A Slge S (o0 395 (Kinge Cuols o 4 mhaw gla (Sowgnl o g 0ud
339035 (phgy o8 (Sye 8L Slge &S o j0 a8 (oo gbli 093 510l s (S0 ol jgi 3a> )3 e pold AL slge
ool 1 a5 sl «usl Bg 120 (Primary dwell time) a4 a5 Sloj 336 mole Jloe! 51 o 0l oo a3 BB i b ot o8
S 3985 mhaw gla (Kl )5 (295 4 Wilg b og

398 (oo S ankd mhaw (59, 5130 e ( S loj (08 S ) e 1AL SL e (0935 @

0 08-S gym el G Qi cawsls l eolatwl b osile (Bl by (Kwgul jo a5 M8l mle 5l KT oole 5l oolixwl @
a kel ol oYL pds ool 4 Col Bbw (609 oole Ygese 058 oo oolaiul LISl gl aS gle el ogl
A0S (oo dloml (Sye AlaS S 09h (o0 000aS lujalls S 4 U (285 5 0,5 (o0 518wl 59, U (oABg SO
Gy 45k 5l o T ool J5Is a0 38U mole (ol oantS a5 o JJo 4y aiS o asein | (Siwgl JSo g ojlusl Ly 5
O b alai b ogd gy 35 0 00wl (Secondary dwell time) 4, a5 caulio loj Wb 5 cdl ol jo w)ls fley cyads

gd sl e

a6 2 lo US“")i 30 axkad 59, oo yalb by Alis - o



35%0%@‘ s o

BN
: o i ﬁ 3| &S oy "
8" Congress & 3™ nternational ® % ‘.. LrALAS et
Engineering Materials & Metallurgy 1 a L_;.)) j | s 3 3130
Conference  Conference 2014 -
Iranian Metallurgical Engineering Society & Iranian Foundrymen'’s Soci- (Ol s Sdida,y cale il g 5l pal (65 ¢l (aiuaigs faadl )
18-19 Nov., 2014 - shahid Beheshti Conference Center, Tehran, Iran O et deed el (ls tlen 3550 — VYAY LT YA 4 YV

spbe 4y bl Cowysls £ei 5l AL mbe ax plir wlie (loy (0l gy G 00l jall Glo WA kS g qmy @
o2 G0l ,g5 50 5% gl 5Ls e sl (Visible) S, 336 sole g9 5145 o1 Jb ccasl UV El> a0 505 e s
S oo ylii |, g3l ol e yalls sla ailis 51 ol aiges V) S ey Sl a ol oo il S5 ST les oo

35 ey ol eslinul 51 (o8 e 5l sy jlojalls (095 igd 5rad (sl 5l g el Slabd gl Sl am 5,53 @
ol A 00,08 Glan oo b lg o |y i slalualls o)lge pinn (o ailey axhad (g9, (g0l Do 4 a5 Cel S
2,5 jued b ouigd jloslaiwl b lgy oo |y laslu alls gleil (S0 0,5 0l

o 50y g (33031 Sl 0315 (kT Judxi

Gy il st slo ol g e pansts Jleiol Ojgo 4 i 5 4 o et 503] (sl Comlia g liebol LB
oS a3l Gl @55 4wl ogesl 5l ol glo sl ¢ Slislojl 5l ol (sle 0ols bansgs el Sl (e jskiie a4y g (o0
5o b (Quantitative Signal) goae L (Binary response) s,ub & yao 4 (9,5 95 azxgi b aS wisd lo oS g0 @
gd go 00l b gy ol ¢ sl oad X85 00 5l 29y 5l 45 O] Sz A Beiod nl o el oud olgiiay iz oseds
Lol el 5 abl anils 952g (o ) 5l wi)lis o Wigd o ol Al Sz @ 00l nl )0 Fend lo (el
(False Negative (F.N) .ccul 00,55 Slobss |, o1 yge5l Jg 8,18 5435 ome =Y (True Positive (T.P) or Hit).oas aseis
=< -t (False Positive (F.P) or False Call).oas oo oylis cue olical a0 1) T ge3] Jg 8,105 0929 (e -YOr Miss)
(True Negative (T.N) NO Error) .ol oolss awseis 55 yge)] g 8,105 84>

False Call &, 5 09 (oo iy y25 Cgue JS olawd &y o aseie gue ol g0 @ S Jlail ¢ g9050 ) & azgi b
Sygo 4 Ygans (POD) oS Jlazsl 55,5 oo ol b ailis JS slass 4y il o ools arsets o slo ailis olaws & 90 4
G pgmeye 3l 09 (o e (Gotie Dygo s g ] (oo Cawd 4 POD imis (55 by Gliabl 0il 730 5 e ojlil I ks
s Job 5l (sl eagamme Jalis oS aalad iz (g, cnl o el e o glp 5031 Jb Sy L POD iomis s 5 o 05
et Jloiol g 355 (oo e 03k (53l 4 Sl S5 3590 a5 (g0 o3l (maly 5 VL v 5 g (e 00ge5T b G ke
POD (gizmie Gt joliaie 42l bl ) 050 (oo Gl 438 Cowd 5l 5 00l B2S e olaai (09 pasedio Ly 03l 25 2 52
a e ool aS ol Lo 4 as cils ax g b gd oo 48,5 IS 4 Gliabl sgame 18,5 S5 o b cue Job 5l oul e 4
@ o5 S55UsS mig wly ol 5l disd b g Wb degy e G ag slite 4 igd (o0 5y5] ez dnS D50
py8 ol ool slgrinn ®ile (5 calio 51 SO lsie 4 log-logistic au e cil oo slprin POD  sioxie (405 oy jslaie
sl ool 15 55 @35 ol (U

) _ exp(b0+blln(ai)) (\)
' 1+exp(b, +b,In@,))

St oo el )b Br g e el )b Brccus Job O (aseis Jlois! Piadasly cpl jo



3.5_,3...?1’:9%_ s

Ml e o 2

8" Congress & 3 ™ International o M t & L‘:ﬁ
Engineering Materials & Metallurgy 1 a ‘5)).9’ j wx,ea ;‘ y

Lonfrence Conference 2014
Iranian Metallurgical Engineering Society & Iranian Foundrymen's Soci- (lel S S0y cale faadl g oyl pal (65 5 ¢lle (riudigs fyasdl )
18-19 Nov., 2014 - shahid Beheshti Conference Center, Tehran, Iran s bt as el e sle tolen 35,0 — YTAY UL] YA 4 YV

Oygo & el 4 Cncd dinly 3 cws Job 4 g conl gllacl False call # 5 as il > gy il asS Jlo! s (o
POD (tals’ o ] (alidl 15 aiG 5w 1 51 g wiley (L (5500 0 S5 50 b 09 (ones il 5 090 (g0 (i Sl S0 S
ol 00 Slgias 70 iSTas ols &ll 4l POD 51 585 Jow <SG aS o] jsbate a0 )] liae gl e )0 058 (o
olakd g3l oobol

S b sleoYgs g el oaal V Jgaz 50 o] oleowds coS 5 a5 CKAS i 5l Slakad ooy (6,59 Jlasl diges Yo olows
&g anl 8 Glasine aios slw! MAG (Metal Active gas) iy, 4 5, Sog> 0] awgs 090 o (gab ainb lawgio

s o plas 1) 6, Shex 5l am g 8 ae;l (sl oo ags Slakad ¥ S Ll 00wl ¥ Jga 5o Jlasl cwaie Slasiia g

29,583 g asly 3 o lowds oSy Wlasin -Y Joua
%C | %Si | %Mn | %P %S | %Cr ools

CEF | | Y | XD | Y0 | o | (CKAS) hwgie S L oY

&) Sbg sl 3 g Jlail cwoid Slasin -Y Jguz

lgo — o oS Sz Lo \eo (mm) Loe s Jsb 4 (Mm) axks colrs
Veghgf | (M/min)sy mSIl aass &5 Y- (MmM) 5 axkd b Jeieo aliold | (Mm) 54,55 colses
Y4V F0 | (cm/min) s, Kas> e o Y- (V) 5tds Yooy (A) ob,> was

&gz 3l LB ool g Olekad diged - ST

asesl slz! s
(SKC-S Cleaner/Remover) Magnaflux <. i colo (5l &0 40 4S5 Joloe Jawgs oo oolel slo digei alS mlans

s S 55 a4 093l Gzl 5 S s (oo 0 MU mle 3e5l sl e )z D3 5 e wST 0 o Sl A oS



3.5_,3...?..;&9%_ s

Ml e o 2

8" Congress & 3 " International o M t & L‘:ﬁ
Engineering Materials & Metallurgy 1 a ‘5)).5’ j w,\;ea ;‘ y

Lonfrence Conference 2014
Iranian Metallurgical Engineering Society & Iranian Foundrymen's Soci- (lel S S0y cale faadl g oyl pal (65 5 ¢lle (riudigs fyasdl )
18-19 Nov., 2014 - shahid Beheshti Conference Center, Tehran, Iran s bt as el e sle tolen 35,0 — YTAY UL] YA 4 YV

Job 5 olasi B a5 18 oy 9)50 083y 5 0 (g oy oSe 50X Lot )5 b (5558 58y S Lassi Ll el g
REV-10) <* uLM.AJ ‘) )JQLAJ U"‘ )l (5‘ 445.04 \Hdiw \.\J)..f )‘).9 QS'L))‘ S)y90 QT d‘,b‘ 9 U‘”P C.'a.m 0 03l QL?U‘ QSZ'E"‘" % o

A AR -

o suiad (LS oo

- -~

e 3 00 4385 355 S ol ¥ U

azze] IS Magnaflux (SKL-SP2 Penetrant) (s ol oS a0 (9> zhaw 0o o)Ll mle lawgs 0 (g5l Sb 5l e
ST oole 5l ysg> zlaws Magnaflux (SKD-S2 Developer) (sl lawgs cadlol 336 gole (05 s 51 e 9 00 386 pole &
Y+ 55 4 Secondary dwell timey Primary dwell time sla ol igs ,ISoT Gaue slo cudle b o sawdsy SalS ;L

A ad S lai o dads Ve g

£ ose3l plp )0 WS e et |y (daw Cgae (aBly Slasiin oS b dges 4l 558 S sl b5, 5l ol b

Cge S 51 ae,0 OYNY Jolee a5 s0e VY o (aiS Cgue oland ()] bl el 0l ¥ Jgam ;0 4od & jg0 4 0 y5e
e o VY ) Cond 5l Caue o3lail o 285 el e IS 51 oo FYLAY Joles sae VY 4l cews l gue olowd g co]
oy (oo VY o0l (alS e 1 5S>eS a5 b po

b digad 59 »2 MO @slo & yoo pé (3903l s -F Jguo

Y.y (Mm)ass, cows 5l case o 58,5 Yy Cgee S Sl

VY (MM) onds GiS cue opyiSagS | (LOY,NV) Y (1) ool S Cgae laws

Y OA aso (mm) (LEVAY) 1) (1) a8, cews)l Coue olass
Y, 0 aso (mm) ST (MM) sads aiS Cgue Job asels




9SAdas s

Ml e o 2

8" Congress & 3" International e M t % l:vﬂ
Engineering Materials & Metallurgy ]_ a (5.)).9] j‘f,,\'ﬁé,o ;“9,0

Sangnence Conference 2014
Iranian Metallurgical Engineering Society & Iranian Foundrymen’s Soci- (Ol s 84850 ) cale andl g 5l il (65 $Ils (eudiga paadil )
18-19 Nov., 2014 - shahid Beheshti Conference Center, Tehran, Iran O et deed el (ls tlen 3550 — VYAY LT YA 4 YV

3y oad aiS Cgue ol caims lis aS ol Seae slologed Do 4 oad (5155 sl eols i oLl jekaie 4

Bl o3e5l xbes e @aS Jloiol Gl g Jlogel (nl SoS sl oaal S o e Job 5l oml &0 4 azd) S
103l y 0 o LS gae Slad mn Bk 5l Job gl o3l 51 Sy o (gl o o Ll laaseiie b YL gy |, S0 J6U
@ o i Jlaxl Mh1823 (5,158 o 5 a5 410503 (pl sl 00l 51 (5,5 0,00 b0yl Caws @ 03b o1 40 09250 e JS
loges ol Gillae sl oals ools Ll & JSG 10 A0 liebl glo cogue (48,5 A 0 b cas Job cans (640500 &g
O+ Jls! sl o3lail cpl was s (a%0) doys A Jlaisl b1y yie (o Y,0A ojlasl b cme sl jolB yge3] a5 J> o

el e ‘-AM Yo 0 ol (aso) Qo0

Azy Gy EEHES
1.0 7 .t s oee e
w LA R
g Lol
i / / S
" 00 /
Q / .
0 o7 | aeg=? 054
< : £ 8s= 2578
| g / . as0j55=3.728
P 05 ! :
(] 1.5 ; = Facu
e J / POC(a) -2 — |
2 B4 ks
= . 3 link function = €7 - logit
€ o3 ; w sty
o 0.2 sf / : £-0.23348
.."./ i Nigr =12
017 gt //" ;'f Mgy =23
% L iz ¥m
Ul —: &t * Resiits xlsyx
1 1 1 1 1 e B s Ty
S 2 ¥ ow B e B om0
] 1 2 3 4 5 B B B P 2k = 2 =
Size,a (mm) rh* 223 v4.2.1 (mm) Cgs Jebaiels
ot Job e g i Jlods ! Hlog0d -0 JSCi oul S Cgue lund ol 5 g H10g0s —F IS
Sk s ojl o A s 5l g

GO ¢ chgzr Dlalad (rans Csie (et 50 (Sye MU bl el gesl Gliaebl Sl g Culis ariloe jolaie 4

b s s T 51 5 o5 00,5 sl MAG (5,55 0] Lo CKAS (i Sl a5, 2 (s YLl
g olaws walsl jo .8 S bl xba g 28ly Dlastivne sl Baa b Slehad 4 S (gg, g (o55wg, e sl Sbj,l s0g
oS disls s o o505l @l (59, 2 48,5 plowl g ylel sl (Do) b et (e o Fre st (3] ST 4 (el gae ol
ol o Sl VY €58, s Sl i 550 e sk VY o S e 5SS gt i o DU+ 0 s ol o



35%0%@‘ s o

BN
: o i ﬁ 3| &S oy "
8" Congress & 3™ nternational ® % ‘.. LrALAS et
Engineering Materials & Metallurgy 1 a L_;.)) j | s 3 3130
Conference  Conference 2014 -
Iranian Metallurgical Engineering Society & Iranian Foundrymen'’s Soci- (Ol s Sdida,y cale il g 5l pal (65 ¢l (aiuaigs faadl )
18-19 Nov., 2014 - shahid Beheshti Conference Center, Tehran, Iran O et deed el (ls tlen 3550 — VYAY LT YA 4 YV

Jlzml sl Jsb o5l ol wams aesets aoys A0 Jlazml b e Lo VO0A o)l b one ol 3B (5050 a5 Jl> 4o
55, e 5l st £ 5 LOVY sSie Jsb o5l sl s @S Lwsie £y el e oo Yoo D wdoys B0 ekl
e FYAYL Cgee

&l

Hellier, C.J (2003). Handbook of nondestructive evaluation. New York: Mc Grow-Hill.
American Society of Manufacturing (ASM) (1997). Metals Handbook volume 17 - Nondestructive Evaluation and
Quality Control. (Ninth edition). New York: author.

Ol G g oo olRiidls ol jlacil o)) s o ey sl OB‘)T Jool Byre OYAY) sezmo (> 48 5 dosro =L,

&) yd xie oSl ele Sl il (65 Lo, dgns daz ) v ymend Slidgeil (VTAD) ol (siys 5 U s
O Lol Ly Les!

Tl 0l (Shas weme a0z ) () SB9x 0 (NDT) iyt né slend 55 9 Jool (OYAR) Lol lilel s 2,
(Veve ol 5l el & ,6)

Tong, T. C., Hou, J., Antoniou, R. A. (2005). Probabilistic damage tolerance assessment: the relative merits of
DARWIN, NERF AND PROF. Victoria, Australia: Air Vehicle Division of Defence Science and Technology Organisation.

W. D. Rummel., G. A. Matzkanin. (1997). Nondestructive evaluation (NDE) capabilities data book. (Third Edition).
Austin, Texas: Nondestructive Testing Information Analysis Center (NTIAC).

Carvalho, A. A,, Rebello, J. M. A, Silva, R. R., & Sagrilo, L. V. S. (2006). “Reliability of the manual and automated
ultrasonic technique in the detection of pipe weld defects”. Insight, Vol. 48, No. 11, Pp. 1-16.

Simsir, M., & Ankara, A. (2007). “Comparison of two non-destructive inspection techniques on the basis of
sensitivity and reliability”. Materials and Design, Vol. 28, Pp. 1433-1439.

Nath, S. K., Balasubramaniam, K., Krishnamurthy, C. V., & Narayana, B. H. (2010). “Reliability assessment of manual
ultrasonic time of flight diffraction (TOFD) inspection for complex geometry components”. NDT&E International, Vol.
43, Pp.152-162.

Ali, A., Balint, D., Temple, A., & Leevers, P. (2012). “The reliability of defect sentencing in manual ultrasonic
inspection”. NDT&E International, Vol. 51, Pp. 101-110.

Annis, P. E. C., R package mh1823, version 4.0.1, 2013. http://StatisticalEngineering.com/mh1823/



	1044873
	r_587_141110101952

