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7 Acoustic Emission (AE)

8 Fiber Bragg Grating (FBG)

9 Electrical Resistivity Measurement (ERM)
10 Eddy Current (ET)

11 Speckle Shearing Interferometry

12 Shearography

1 Glass Fiber Reinforced Polymer (GFRP)
2 Carbon Fiber Reinforced Polymer (CFRP)
3 Polymer Matrix Composites (PMC)

4 Non-destructive Testing (NDT)

5 Structural Health Monitoring (SHM)

6 Ultrasonic Testing (UT)
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7 Burst Thermography (BT)

8 Flash Thermography (FT)

9 Square Pulse Thermography (SPT)

10 Square Pulse Phase Thermography (SPPT)
11 Burst Phase Thermography (BPT)

12 Frequency Modulated (FMT)

1 Pulsed Thermography (PT)

2 Stepped Thermography (ST)

3 lock-in Thermography (LT)

4 Modulated Thermography (MT)

5 Pulsed Phase Thermography (PPT)

6 Frequency Modulated Thermography (FMT)
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4 VVolume Heating Thermography (VHT)
5 Abnormal Heating Thermography (AHT)
6 Selectively Heating Thermography (SHT)

1 Material Under Tests (MUT)
2 Surface Heating Thermography (SHT)
3 Conduction Thermography
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1 Line Scanning Thermography (LST)

s D yonjl 59l

WAA (lae 5 5k ooty 0)lod 9o 090



NONDPESTRLICTIVE TESTING TECHNOLOGY

b 6 e T

Sbly glies job a4 a5 (Ll G5B Ko
P eSS p ) 8 Ko g el oK~
2l anwgs [VF] ot )l 5 STalle Loy 1298 Lo o ol
e P T S N S = D T Ly e
L Sl aee slatl g, p ot asle ol oS0 >
Sloygd zoe SIS ;o A Cuwl ouls ools lis aes oo pll
o580 Siige,la MelS zlosl 5l (slacgoome lawgs wilgs oo
o Il o olS 5 slsine 35 g s i sl
S35 @i b olS 8 ek S s i oo 5 slhas
4z 5 wilos Sl @ U yro sl il 2 ples G eSS
e ol 31 gt 8 0 s arly 3 )l ol
S gyl degorme S plsie 4y 0T Gl e el ST ol
S5 4 )l sl s o )5 g, e 4 cS s
Jsb cglicie @ il )3 (sl LT 51 oS o oS o 350
(Sl zee al b anibioe 8 e s it (5> B
Loy wlg 0 8 jlal Ceyu g it S5 > il Goe Job
g dpasloes (V) aoles

2k 20
o= VIDE M e o

@5 2leS codyb C o J8a p gyl calaa K ol o o8
Zlsel 45 aimo o Lt 398 Alolas 5 sl 5, LSS,
& S5 e g gl (So03 0 VL AL Sl
@ Ll iye0 Foml (el Sl gee S Jl> y0 s
Wil d ol e Loy 39i5 Jsbo 5108 o0 28 > ()]
o3 L Ty el Wl oo (uilS 58 l 5o ()l e et
ks sloe » b 636 SR 5l o g g
b 955 05 b Jomilyins 5B slaciil ool 4y 558 et
s Sl g0 s &y e 5B Lo Sl Al gy sblis 5
o N ead (5 5B b Ll b Gl (Shy ax
5 ol S5 bl 5 o T 5l oS5 [V ]ogs
9y Se oS Sl (ol 656 6,50l B 6 B>
sk gl Lad e Caio o Bt aejl Jyens
e 636 6K 3l el i enelS sl i Lo
3,90 lep mbio ;o eolatul 850 Zmguile Olakad (ol y

I16,5 5 o

il S b (5,0l Y

by 6, )Y

Spe Slge slp Syl Gl Se el K> o
o 9 Sl o crl leslanal Gl ey 0525 (o0 JE (o2
Sleolaiul b wsw; Hlai 0590 lade 4 diged mhaw (slos ST 5
ol (b 5 Ganlds (o3l OISl 45T E g B (90 S
et Ayl (Sl Seb Sl G See e i Slge sles 090 o
0 DS w50 LSl (Sl e 1) S e
S5k 4 09h o0 LTl Gline S Cge ali Hea> Wb
5 o5t om Sl OS] s clos ssnlie plSin aS
& osalie oloj cadly 1o 398 o oanlive o] 51 (g,le sblis
O3S Ces Sl Cwl Z Bee goye (gl s 50) @ S
Woles .ol [VY]Z e caSa wsSno b canlite € sl jiS°
()

Cudgame g0 baly g0 pl ] gl jlasil OC oS
4 oanlive JB slaali aans oo plis |y (oudb 5,501 >
poodle Cwl ums il S 5 Al o Bes oS IS e
ol sl 5l A6 4 & s > 42,9 0ol 5
e 5 3lge a3 Lasil (ore Sl pts W30 cow sy
ol CS eSS e ol ol s o
8 6 Kol -Y-Y
G99y5 S &S cwl cpl (Jd 6Kl 05 ulal
Sl zee 45 olfim sl 5 o5 Sy s 45 (slo g5 >
S 5B i g 5 950 o0 A (o 5 o0 abla
A lp Gee 0dgaoe 09 os (63959 LS Eoe 4
03ls L Wilgs e a5 315 ()l iy Jsb (K alS
(V) dolee Jlo olgie 4y 04

2k x

“ = Y ope TV
0 o5, cud,b C JB p ()l ol K T o a8
e el Sl g S T gl SaSTy
o Dl 4 Cos 3B a5 ol pl Ja8 5 K0l >
Slr )0 6508 Coalas ((lan U Glie b g 2leds)
O3] Higed 3 il sagas ;3 45 olaoall jansis
oloy gl B S Gl lauils 850 Ggail 1S5 0 ls 352
Ll S

shnpsé 5 J9njl 5ol

WAA (lae 5 5k ooty 0)lod 9o 090



NONDPESTRLICTIVE TESTING TECHNOLOGY

25 Feke VB 50 e (e T B L e ()5 oS
ok ) Bos 53 yiasea ¥k b s «(s3LIT 9Y58 digad
oS 9Ysd L o3lT oVs8 aigad Sl pslal amlie ;o 05
5 paris BB Cgue olasd g by 45wl sualive ()5
1o Jed s 5UT Y5 aiges (), polas
Sblze bl (23508 Slge 595 2 Erms P Jelod g 4
aS oligS loy ;0 e wled ey oolaiwl aile wasie
a4 dle pl o 05 oLl 1) olge 3o Caue lgi oo
JW 600 alewy a4 (Sujeald Slge )0 Cgne (o)
S8 0oLl 3550 (6L (55 Sloo p malio jo livn oS 1,38
loyS alowy & diged chlids o5 4w (BBR ;0 00T (o0
P75 by 42 9 685> (90 9 (S jgalS Slge 403l
oSe golawy sl 0 0.5 o 8 Bl 5 jee I8l
S5 e 45 e (g8 Ll oo (L5 4 (5,55 >
EF A 9B o0 (o) 9 (2lolid il Sbml D jea> 5
00l pg:Sy (05 yd )0 Sglite slages,s it Cge
By okl b «(PTFE 5l oolinnl) iolas cos ol oolal
S b 5o 0 (5ilulr odiinr WSSV Slakad 5 (oSl
b oo IS 4 Sy ojled Wiged )3 i(n)S b SS9
Sl iy b aS cais SYLlasl 5l g o)led aiged jo
e sl o0 o8l e il £33l 5 ot Lo,
e pa¥ (0 98 olml iz 5l JB o w4 e
0 Lo diges Ho el 0ad (gilule sdins Gilalad ¢ yiolos
S Slakd 5 oad 30,55 () 0 50 oS (Zugsile diged jl du
o oslainl cus plaie 4 SLLI slaaY )3 (5, (e SUI
5045 Sl g ol a4 andllae Cpl )0 sdel Casd & Az
S V) gl 4 S005 wme owpik (oS e diges
99 0yled diged ;3355 o0 JB w3k 0)90 (9% A (e
Gyt o B Culis b b3k pleas edis YLl
dw oyleds diged ;0 Cuwl ode] Cews & ogllae Azl
Sk Olesaz L s 9 Jld 6,00 ) alowg 4 (amguils
IV 285 )15 il 2550 (255

st O3k YO ggezme L CFRP wigas () 5 alo )il
Kigas s 52 1y s ol Caliie (sla a5 ool ;o
ol 00 GoaS (e w258 9 8 (K55 (55 9 o)
269 b S5 sl am g el e IS ()l sl
29k S9) p peas (3lon Py, Wiz b Jlesl sl ()
FT 5l wlole a5 ab soliiwl sonl cawss ,Kw)|,>
olbkd gjlul> L CFRT 4405 PCT .DAC WT TSR

ol dge (5318 ilS B o K )l -F-Y

S Bl (S Kol el S0~
gle 5l odl D> o 1) 595 cales 5 e (ol
IS o ool cogee olulid gl Vb &ya8 b Sy u
sl ey ogae 5| bl g &5 xbans &l iy DS
Cizad g Olge sl ) il e Sl yeis il s 4,
(S SRl b el SSleSy e eI s @
@ Cod §0S Cobes a5 Sl (pl 5B agly o
S5 SepS e 4 J onl bl (e 26 Gl
Cusd &y (Sl mae Jsb b seil S Ges ooy (o5 8
Dges ;o aliee glogeas ;0 4 Lgee ais slp Wl e
Sy alizia slailS 50 (a3l 1S5 s ls 15 geil o
s SO b el 5L een! g opdle VO]l 5 olej a3
5 IFlags ol ool 2905 5 s il Gos o
8 (s D590 GRBs5 (el 5o &S (6,9 )0 Slallas
S e yn A () 4 28

odb B, plge cou g | 6,9 688> )
sl Roe 4 (b Ko a5
GBS g b 5B Ko (i 6K
2,5 i Al (wilS 8 (s Y

(ooled pae wiile (g ks sblre SIS )55 SISl Y
B oyt & bl Vo LS 5 e
gt oz 16 ke sbilze SIS 0uld (grYgoe 5 3
JWem 0 S VL Sl g9y (o3l oo (2Ll
ES9SG et sle)S 5 (B Bl g Sl i S g
e

Fe et 0305l Ghey e Ol 4 6,8 RS> Y
) Grtien azgi g Conl oads ol Ladlen jo lacy 5500l (sl
sl 08,5 Al ()l poe (pwiiges dipe 5

SR,y gy o)l 3l (chpgly sadige -F
ey o ‘QL.‘L.).LA)'T 5o oolaiwl 050 Dljgad capgh o
S0, e (lsie 4 Dlgel ST Gl b 51590 90 9 (Sl
Soga Slisley]l pledus divg 48,5 13 colatwl 8,90
(g0 s o O el 4y 5,9 90 5109y ol sl 5L
30gr 00l Sl (G5LIT 0V g (0, oS Vg8 iz 5l IS
el A8 09 0ol (5,15 2y olagSl cised 50 2 (55,
g frashes TY U Glogas by o oo Y 510 5l log] 5
OV gd digad ;o idgS (nl j0 LAt JB Cge (p S S

shnpsé 5 J9njl 5ol

WAA (lae 5 5k ooty 0)lod 9o 090



NONDPESTRLICTIVE TESTING TECHNOLOGY

el g anio bl 2ol (g3lule Gl e Glsie 4
Ol e eolpin gy weliie milgy 5l colaiul L Weesls
oy9> > o 5 PCT s NTC TSR) (g, 4w b« 22giy
dodigy aar aS ol lid ol ab awslie (PPT) Luils 3
3 PCT OPD NTC Ll aipo oo Lauseis |, Labi e
arin g plolls e ) TSR 51 5 Geee sloats PPT
s NTC pimen g 0S5 o Jose PCT 5l 0 OPD oS o
a8 o plxl & et (2 adlaie SO a5k e |, PPT
[oo]

alie glaoslwil b (gjsels laalog 51650 Giaghy 5
S s oslil Gsse sl gl Sglie Glael 4o
ly Caisrls ¥ S sz sogeiegll azio L2ule)S
Syse alie (alls anseis o s cnl (2Ulg ools Lis
Jae o palesl anTs sl ol slp 288 15 )
s slo als Sl gw) 2 sl Gl e cus s>
P9y 5o Gl ambo SIS ol (LiS (gl g Lo Ry o
G Lo Ol o alizee polie 0l gile avs o )l> !
Il izmen g <88 515 T 0)50 il (a5 s
A ol ools plias S5 I3 s p 3550 Akl da g (Bes
Lrial 19) FGees lacae )d (Gos bolal) jial)ly j2 50 s
Lod a8 Slpedd 4 yomie (o (oo V5l Gl Bos 0 e
Lol podle ol aalgs mlas 4 G055 gue b anlin (o
Slasin 5 &)l> Jl 55, 5 (poriagll) 56 3L 4 a2 g8
A gl dnd 0 oad cadline cae Jdo 4 s o
2 S5elS g poeivasll gl 95 0 (19,5 ) 4T wk i S
(o) pogdle aidy oo dg | asid olly yiole S al> e
Suop s Geas g olul jo s aS o5 aul oy @l
A 28155 Las (slacSy 5 St Sl 4 i s 4
4 i 5l (025 5 S5l dd @l dem a5 Gl ]
03231 sl el Sl o oS (il e b 5l ceend ]
L0808 o S8 (o )| > g,y aile) e

G gox -0
axhad Cod S w3l o (bt (6, KO ) oyl 5l eslail
live dwain b glodiges 5 (6oL (yuyei sloopy olakad yo
23k P9y &5 was oo (LA 3l sla gl ok ez 0
ooy Sl 5l \.\.J)lfs &y &9;59.(5'456)@&"»;‘?

L8580l el 05,5 ol 3 CujemelS S50 6L (s

S by, el oul Cund (58 oIl SO b el
3k @l Sgne S Aiged 59, 2 (BlSe sloosls A3l
TSR psar Gijloy lo s, @il o Cuwl ouls alo]
[ovlcast osgy 55550 PCT

SNR (39, 5l esliial b gyms b psbal 6,505 (ish 5
5 CFRP 5l solaal Lol (o3l 1) slulis LB Csee
sNC FD SD FT (3jls 5 (b9, @iy 5 es 905 Y aiges
e D550 sl 3 wgee (AansaS CellB (I3 sl PPT
ond (Ailp g Sl nlal Gllen 5 lys 235 13
Dges ,0 58,5 3BT 1y (6,905 &Y g JS& e CFRP
Sy cilizee glaojlail g o ges o Jsks wowe ) CFRP
ok sl o905 AY Aigas o 2d,T 48 ool
3y50 chlize e jloz LIS poriagll (uiz 3l (5 55 Y
IS pR S ohlen 5 play cales jo 28,5 18 oolanul
e gt 090] EpnP aslel 0 wses LS bl
5 nyad Ghiln Gl le ol o 8 WS Sk
S5 ln Ghg) SU e 9 (s 0590 e BB olulil
Lol b cue G glulis cel a5 SNR gl
b gl (28,5 55 50 b o po a8 el 52U S5l by
Ll e Ol plle Bblo & Cons e Sl o
Lov]sls J13 Slalis 5,90 o) 43 pwg d pglas

Gy @ one A sbul e Ereg 60>
g Sy g 4 Jlad (6,005 (g, )0 aS 05 0 adge
5 e Ll ol o (2l )S old Wy 6l (2 655
2 2SR eolinal 5j5e ol mlio o ol G
2 Y 90 G 6y &Y i ganile JLSLe l gy
oolaul cusl 00,18 3 by olep o o a5 CFRP ¢ S
Cee £ Wiz ol aisle glaiges ( Lidgh H0 ol oa
oslil b (6,850, 28,8 18 olital )50 suiyil 6l
S oo Jelo g i 293 ]y wnes 688 Glrssl
Jelse 5 b sl Sy 3l cov ad 4 @l 4z 5]
IR e ol 5 cSlesy b w21
ol el sl atd iy gl | JUSew S5l n Lol S o
Ol TSR g PPT sl yog, «Jle oylgre as .l 5LS Jalge
shlo palds @ly e (dee V.0 Goe U l) ali (anseis
LOF]s,5 wal % 5L 5 ¥ Loy Gae & o3l cons

GFRP 5 CFRP sladiges (5,2 nslad «s,503 Ghaghy 5
Wged 90 o ;0 D flod g 425 1) e (oo Vo Culis L
e 10 5 VB Y il glaolul b oyl axkd YO

shnpsé 5 J9njl 5ol

WAA (lae 5 5k ooty 0)lod 9o 090



\e

N@NDPESTRLUICTIVE TESTING TECHNOLOGY

@ ciSil 5 cue U ghe 5D wlean | gpln 9o ol
(ks

Lo,S eolasl 90 alold 5l olss o 1) 6,5 6,881~ Y
SR> SzsS (2ol dihie 4 axg b J
S s L et s (slp oSl p5lSe & Ygane 6552
S A S il gloyS Colan s @ 050l l o)l
el ol el

lr Loy (Soold 5 355,50k w655 688 6,5 )= Y
6K, a5 b il e calio by jomelS ples
aile blo) (3eeelS Slge 9 I8 (6l hadd s )5 0L >
35yze S 4 CFRP

33 s dxngi g penlie 135l 9299,k (6,501~ -F
Wbyl S e 4 (5,0, sla by, Koo b avli
P oRs AR ez sl @D, il e
Dbl drte Hlows (ol aua

5 oge adis glp Ygens 555 )0 5l -0
O 6 RO el e ssliul o Y 4Y wil
SBO ) il ol (e S5 ply o egas
2y Wil e 2l 5 oo gyl 4 L D0l
S b R e celie by joalS o5k
odalin sl ol 51 Gl oo g ol ol (Silr e g S 5 4
bz 650 aile lds o5 oolitul ()8 sad 55!
Sl Coae 9 S5 93 2 @ 99,0k S (oS
ool (oole sLil g Ol o e ek 4 g canl Ll
RS

5 Vo der K0 slaghy) ©old e S e
Lo opil sl ¥ Jsaz 5o a8 SeS adlgi e TS
vk 093 pase Lzl BB Ll 0 (o S0l > sla s,
Gh9y O Sl SR 1SS 5o wlead aglie pats
Syge botyy SN o Sy b esliinl 9,50 6,00 >

ool o0 428,518 i

PT o anslio liize Lawgs ool plil sla,)lS 4 azg5 b
solainl o 4.l o] Liogs ol 0 FMT g PPT LT
Wyl 2V Comlar 5 2905 Wil den Eimgd (90
SIPT oy 08 Gl (008 ssb 1y Bee 5 Culied g oo
PT g, 5l eolaal b el 5 loy (o5 YU s L
Wil oed D579 4 gee by LS zlhw olo sladS
D355l 53,5 25 3 s 1L 3 TS s o aly
Jleel Jdo @y ol Sae PT cculys jo aims o0 &) 58
Sl e 3k 9,90 5l S o)lg asdad 4 |, Sleds YU (55,
LT i, 4 a5 b ocnd PT 51 208 Ygone LT alsl
Loy, owe Olpesd a4y Cons aS oo 1) Sy e ol 58 a5
olis 855 51 6 yteS e dmbio 51 HLasl o S
S9zg Saled ipady jlae 5 Ges (w929 (nl W83
03051 S5 calizee o gas 10 Cge olulil jslate a0 ls
PPT 058 o 0l 8 loj (tal38l el calises (sla uilS )6 5o
Jlosl s v g il oo cBeiSy b S g whaw 5l jLaal
5 8S oo Joo LT 5l i s oS0 28 plyie 4 oligS ol
L il b ol b el (lod a8 il 3 ik (g5l
Tyos ezen 9 Goe PPT .ab oo (2als (ilS 3 lj8)
w3 el 51 L Lol am o @il PT &y o |, (g i
Yo o oads 53 blse ples FMT sl e o sS4 5L
OO om ol ladl ©yad 4 Kily pae ey o
AT Dy38 g flion £dg g Gee SIESy e ale)S
s 28 0z (Jl 0l b il Llo 1) GNR) gy
abbge Ll la hey ady 4 cos |

Aoz 3l calizee S 2 c:l.z.ob.d)li’:b)‘)} S, 5 sl g,
Syl ® g 099,00 (25 0l ) w68 RS>
wdhle by Oglas (S bol aiiiid Goas g Cwls a4
Lo 50l SHT (o j3k 6l 560 5 6058 6,521, )
SISl (g E9 99 e &5 (> )0 il s canlie
wiles el i bgjesls VAT co)il sl
b 2 Sl Kol el 6K
Sl 1y oz ool SHT 9 VAT ()5l sl g, il oo
b e 3) abols G 5l b baid 5> gl )b zlal a5
b e ol (2Bl gy 5o & Jb po wiS e (mhaw

shnpsé 5 J9njl 5ol

WAA (lae 5 5k ooty 0)lod 9o 090



)|

N@NDPESTRLUICTIVE TESTING TECHNOLOGY

Syl gy bl BB o3k gl (V) Jgua

ooy JB

o w3l w3k b/ o5 S
e > ;i
= || | A e
4

i gl oY % o v
[IQURRT 4 4 4 -
ot 4 72| =2 | 7
o+ 4 4 4 =
L ok
R G A 4
S 4 4 4 4
‘{ = 11 46 -= |£|d.)l§,,é|
Jaiio Gt 1505
* L2 -l
Jw < <3t
= ]
e

-

1ol 4 (5o igos g bl

295 9 dpd i Gialan gt lwlias t R joselS 190
V9> CaoYw 9 5 5 (VL] G (53 505 0 gue bl s O 313

S35 9 4pS  alas Cge el : (B joselS 315
P9 Codlw 9 S 5 6 (53,95 gt bl s 518

Ol D9t lwliad R jomelS 390
S il s 3l

a8 5308 el e bl
SOk S 5 el

S5 3 Ghan Cuadlaw 5 53,95 S 5 bwliad

ol aadi So9 i 5o Jgko
' M
e S0 ofigS il
| S e
w el ool
=] &> L
Wil 6 g g ol
hoe [

IRl oyl S gy Ko b o w5y )Wl (w3l (g dumlio o(F) S

Nondestructive Testing of Polymer Plates, Nondestructive
Testing Technology, 2 (2019) 38-45.

[8] Using of Modulated Thermography for
Nondestructive Testing of Polymer Plates
[99] M. Khalili, M. Farahani S. Asghari,

Thermography of the cooling channels using steam
heating, Iranian Journal of Manufacturing Engineering,
(2019) Under publication.

[10] A. Ahmadi, M. Farahani, A. Ardebili, Applying
pulse thermography technique for corrosion defect
evaluation on the steel plates, Iranian Journal of
Manufacturing Engineering, (2019) Under publication.

[11] B. Yang, L. Zhang, W. Zhang, Y. Ai, Non-
destructive testing of wind turbine blades using an infrared
thermography: a review, in: Materials for Renewable
Energy and Environment (ICMREE), 2013 International
Conference on, IEEE, 2014, pp. 407-410.

[12] C. Ibarra-Castanedo, X. Maldague, Pulsed phase
thermography reviewed, Quant. InfraRed Thermography
J. 1 (2004) 47-70.

[13] Y. Hung, Y.S. Chen, S. Ng, L. Liu, Y. Huang, B.
Luk, R. Ip, C. Wu, P. Chung, Review and comparison of

b -#

[11] A.B. Harman, C.H. Wang, Improved design
methods for scarf repairs to highly strained composite
aircraft structure, Compos. Struct. 75 (2006) 132-144.

[2] K.B. Katnam, A.J. Comer, D. Roy, L.F.M. da
Silva, T.M. Young, Composite repair in wind turbine
blades: an overview, J. Adhes. 91 (2015) 113-139.

[3] A.M. Brandt, Fibre reinforced cement-based
(FRC) composites after over 40 years of development in
building and civil engineering, Compos. Struct. 86 (2008)
3-9.

[4] S.S.Pendhari, T. Kant, Y.M. Desai, Application of
polymer composites in civil construction: a general
review, Compos. Struct. 84 (2008) 114-124.

[51 J.R. Vinson, Adhesive bonding of polymer
composites, Polym. Eng. Sci. 29 (1989) 1325-1331.

[6] L. Cheng, G.Y. Tian, Transient thermal behavior
of eddy-current pulsed thermography for nondestructive
evaluation of composites, IEEE Trans. Instrum. Meas. 62
(2013) 1215-1222.

[71 R. Khoshkbary, M. Farahani, M. Safarabadi, S.
Asghari, Using of Modulated Thermography for

pBnapé 5 y9afl Hs9ls
WWAA lie; 5 b et o)lads ¢pgo 090



Y

NONDPESTRLICTIVE TESTING TECHNOLOGY

[32] J.G. Sun, Analysis of pulsed thermography
methods for defect depth prediction, J. Heat Transfer 128
(2006) 329-338.

[33] V. Vavilov, Dynamic thermal tomography:
perspective field of thermal NDT, in: Thermosense XII: An
International Conference on Thermal Sensing and
Imaging Diagnostic Applications, Orlando, 1990, pp. 178—
182.

[34] S.M. Shepard, T. Ahmed, J.R. Lhota,
Experimental considerations in vibrothermography, in:
Defense and Security, International Society for Optics and
Photonics, 2004, pp. 332-335.

[35] Y. He, R. Yang, eddy current volume heating
thermography and phase analysis for imaging
characterization of interface delamination in CFRP, IEEE
Trans. Ind. Inform. (2015).

[36] R. Yang, Y. He, eddy current pulsed phase
thermography considering volumetric induction heating
for delamination evaluation in carbon fiber reinforced
polymers, Appl. Phys. Lett. 106 (2015) 234103.

[37] J.N. Zalameda, P.W. Winfree, Quantitative
thermal nondestructive evaluation using an uncooled
microbolometer infrared camera, in: Thermosense XXIV,
SPIE, Orlando, 2002, pp. 610-617.

[38] T. Hoshimiya, J. Hoshimiya, M. Tsuda, Line-
focus beam-scan time-domain active thermography with
external control, in: 11th International Conference on
Quantitative InfraRed Thermography, Naples Italy, 2012.

[39] J. Hoshimiya, T. Hoshimiya, Whole-electronic
line-focus light-scanner for active thermography, in: The
12th International Conference on Quantitative InfraRed
Thermography, Bordeaux, 2014.

[40] Y.-K.An,J. Yang, S. Hwang, H. Sohn, Line laser
lock-in thermography for instantaneous imaging of cracks
in semiconductor chips, Opt. Lasers Eng. 73 (2015) 128—
136.

[41] D. Kaltmann, Quantitative line-scan
thermographic evaluation of composite structures, in:
School of Aerospace, Mechanical and Manufacturing
Engineering, RMIT University, Melbourne, 2008.

[42] J.Varis, J. Rantala, J. Hartikainen, An infrared line
scanning technique for detecting delaminations in carbon
fibre tubes, NDT E Int. 29 (1996) 371-377.

[43] O. Ley, M. Butera, V. Godinez, S. Chung,
assessing impact damage on composites using line
scanning thermography, Adv. Mater. Processes 170
(2012) 20-25.

[44] O. Ley, S. Chung, J. Schutte, A. Caiazzo, V.
Godinez, B. Bandos, Application of line scanning
thermography for the detection of interlaminar disbonds in
sandwich composite structures, in: P.J. Shull, A.A. Diaz,
AF. Wu (Eds.) Nondestructive Characterization for
Composite Materials, Aerospace Engineering, Civil
Infrastructure, and Homeland Security 2010, 2010.

[45] O. Ley, V. Godinez, Feasibility of using line
scanning thermography in NDE of wind turbine blades,
Nondestruct.  Characterization =~ Compos.  Mater.,
Aerospace Eng., Civil Inf., Homeland Secur. 2011 (2011)
7983.

[46] O. Ley, M. Butera, V. Godinez, Inspection of
Composite  Structures  Using  Line  Scanning
Thermography, in: D. Burleigh, G.R. Stockton (Eds.)
Thermosense: Thermal Infrared Applications XXXIV,

shearography and active thermography for nondestructive
evaluation, Mater. Sci. Eng.: R: Rep. 64 (2009) 73-112.

[14] M.A. Omar, Y. Zhou, A quantitative review of
three flash thermography processing routines, Infrared
Phys. Technol. 51 (2008) 300—-306.

[15] K.K. Ghosh, V.M. Karbhari, A critical review of
infrared thermography as a method for non-destructive
evaluation of FRP rehabilitated structures, Int. J. Mater.
Prod. Technol. 25 (2006) 241-266.

[16] V.P. Vavilov, D.D. Burleigh, Review of pulsed
thermal NDT: physical principles, theory and data
processing, NDT E Int. 73 (2015) 28-52.

[17] D. Banerjee, S. Chattopadhyay, S. Tuli, Infrared
thermography in material research — a review of textile
applications, Indian J. Fiber Text. Res. 38 (2013) 427-
437.

[18] R. Usamentiaga, P. Venegas, J. Guerediaga, L.
Vega, J. Molleda, F.G. Bulnes, Infrared thermography for
temperature measurement and non-destructive testing,
Sensors 14 (2014) 12305-12348.

[19] C. Meola, G.M. Carlomagno, Application of
infrared thermography to adhesion science, J. Adhes. Sci.
Technol. 20 (2006) 589-632.

[20] C. Meola, G.M. Carlomagno, Recent advances in
the use of infrared thermography, Meas. Sci. Technol. 15
(2004) R27.

[21] S. Melnyk, I. Tuluzov, A. Melnyk, Method of
remote dynamic thermographic testing of wind turbine
blades, in: The 12th International Conference on
Quantitative InfraRed Thermography, Bordeaux, 2014.

[22] W. Harizi, S. Chaki, G. Bourse, M. Ourak,
Mechanical damage assessment of glass fiber-reinforced
polymer composites using passive infrared thermography,
Compos Part B — Eng 59 (2014) 74-79.

[23] A.A. Badghaish, D.C. Fleming, Non-destructive
inspection of composites using step heating thermography,
J. Compos. Mater. 42 (2008) 1337-1357.

[24] X.P. Maldague, Theory and Practice of Infrared
Technology for Nondestructive Testing, John Wiley
Interscience, New York, 2001.

[25] X.P.Maldague, S. Marinetti, Pulsed phase infrared
thermography, J. Appl. Phys. 79 (1996) 2694-2698.

[26] R. Mulaveesala, S. Tuli, Theory of frequency
modulated thermal wave imaging for nondestructive
subsurface defect detection, Appl. Phys. Lett. 89 (2006).

[27] N. Tabatabaei, A. Mandelis, Thermal-wave radar:
a novel subsurface imaging modality with extended depth-
resolution dynamic range, Rev. Sci. Instrum. 80 (2009)
034902.

[28] P. Jackel, U. Netzelmann, the influence of external
magnetic fields on crack contrast in magnetic steel
detected by induction thermography, Quant. InfraRed
Thermography J. 10 (2013) 237-247.

[29] R.Yang, H. Zhang, T. Li, Y. He, An investigation
and review into microwave thermography for NDT and
SHM, in: IEEE Far East Forum on Nondestructive
Evaluation/Testing (FENDT), IEEE, Zhuhai, 2015.

[30] Z. Zeng, C. Li, N. Tao, L. Feng, C. Zhang, Depth
prediction of non-air interface defect using pulsed
thermography, NDT and E Int. 48 (2012) 39-45.

[31] [S.M. Shepard, Flash thermography of aerospace
composites, in: IV Pan American Conference for Non
destructive Testing, Buenos Aires, Argentina, 2007.

pape $yonjl ol
WWAA lie; 5 b et o)lads ¢pgo 090



Y

NONDPESTRLICTIVE TESTING TECHNOLOGY

"ThermoPoD: A reliability study on active infrared
thermography for the inspection of composite materials."
Journal of mechanical science and technology 26, no. 7
(2012): 1985-1991.

[54] Florez-Ospina, Juan F., and H. D. Benitez-
Restrepo. "Toward automatic evaluation of defect
detectability in infrared images of composites and
honeycomb structures.” Infrared Physics & Technology 71
(2015): 99-112.

[55] Ibarra-Castanedo, Clemente, Mirela Susa,
Matthieu Klein, Marc Grenier, Jean-Marc Piau, Wael Ben
Larby, Abdelhakim Bendada, and Xavier Maldague.
"Infrared thermography: principle and applications to
aircraft materials.”" In Int. Symp. NDT Aerosp, vol. 114, p.
348. 2008.

[56] Alvarez-Restrepo, C. A., H. D. Benitez-Restrepo,
and L. E. Tobdn. "Characterization of defects of pulsed
thermography inspections by orthogonal polynomial
decomposition." NDT & E International 91 (2017): 9-21.

[57] Daryabor, P., and M. S. Safizadeh. "Investigation
of defect characteristics and heat transfer in step heating
thermography of metal plates repaired with composite
patches." Infrared Physics & Technology 76 (2016): 608-
620.

SPIE, Baltimore, Maryland, USA, 2012, pp. 835406-
835401-835406.

[47] B. Oswald-Tranta, M. Sorger, Scanning Pulse
Phase Thermotgraphy with inductive line source, in: 11th
International Conference on Quantitative InfraRed
Thermography, Naples, Italy, 2012.

[48] K.R. Thomas, K. Balasubramaniam, Scanning
induction thermography (SIT) for imaging damages in
carbon-fibre reinforced plastics (CFRP) components, in:
41st Annual Review of Progress in Quantitative
Nondestructive Evaluation, AIP Publishing, 2015, pp.
306-313.

[49] B. Oswald-Tranta, M. Sorger, Scanning pulse
phase thermography with line heating, Quant. InfraRed
Thermogr. J. 9 (2012) 103-122.

[50] N. Tabatabaei, A. Mandelis, B.T. Amaechi,
Thermophotonic radar imaging: an emissivity-normalized
modality with advantages over phase lock-in
thermography, Appl. Phys. Lett. 98 (2011) 163706.

[51] Alireza Ahmadi, Mohammadreza Farahani,
Amirreza  Ardebili, Applying pulse thermography
technique for corrosion defect evaluation on the steel
plates, Iranian Journal of Manufacturing Engineering,
2019.

[62] Lizaranzu, Miguel, Alberto Lario, Agustin
Chiminelli, and Iban Amenabar. "Non-destructive testing
of composite materials by means of active thermography-
based tools." Infrared Physics & Technology 71 (2015):
113-120.

[53] Duan, Yuxia, Pierre Servais, Marc Genest,
Clemente Ibarra-Castanedo, and Xavier PV Maldague.

Thermography with Radiation Excitation for Non-Destructive Evaluation of
Composite and Sheet Metal

Amirreza Ardebilit, Mohammadreza Farahani?®, Saeed Asghari®
1- MSc, School of mechanical Engineering, College of Engineering, University of Tehran
2- Associate Professor, School of mechanical Engineering, College of Engineering, University of Tehran
3- Associate Professor, Institute of Materials and Energy
* mrfarahani@ut.ac.ir

Abstract

Defects and damage during the manufacture of composites or metal parts are inevitable. Therefore,
non-destructive testing is essential to prevent failure and increase the reliability of composite structures
or metal components. Non-destructive thermography technologies have shown many advantages in this
regard. In the thermography technology, the temperature variation of the external surface of the work
piece was determined by receiving the radiated infrared waves. These waves indicated the point
temperature precisely. In this paper, a compelet and comprehensive study of non-destructive infrared
thermgraphy test methods for metal and composite inspection, detailed analysis was performed and the
developments of infrared therapeutic technologies were investigated. First, the basic concepts for non-
destructive test theramography were introduced. Then different types of thermography with radiation
stimulation are described and compared. In the following, research examples of the application of
thermography methods and some of the strengths and limitations of thermography technologies were

compared and described in detail.

Keywords: Non-destructive testing, Radiation stimulation, Infrared thermography
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