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Evaluation of the damage detection capability of inner product vector for LOP
and LOSWEF defects in a groove weld
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Welding is one of the most popular methods of connection that is used across a variety of industries to
Received 14 February 2016 join together materials. Nondestructive testing methods are commonly used to verify that welds are free
Accepted 01 May 2016 of defects. Some limitations to common NDT techniques restrict their use. The new damage detection

Available Online 08 June 2016 techniques are in demand. This paper presents a study on the new inspection method. The advantages of

this method are cost and time effectiveness. This study was conducted to investigate the ability of Inner

Keywords:

Damage detection product vector (IPV) method to detect Lack of Root Penetration (LOP) and Lack of side-wall fusion
Cross correlation functions (LOSWF) on 304 stainless steel beam. The IPV method was proposed as a damage detection algorithm
Inner product vector (IPV) which uses cross correlation functions between vibration responses under white noise excitation. The

Lack of Root Penetration (LOP)

Lack of side-wall fusion (LOSWF) experimental method was the only method of previous research on the IPV method. This will be

achieved by the use of finite element modeling combined with a modal dynamic analysis based
vibration technique and MATLAB software is used to numerically implement the computational
procedure. In this study, an ideal welding is intended and the effect of the heat-affected zone (HAZ) on
the results is ignored. In order to verify the validity of the IPV method simulation, we referred to the
results of previous experimental research. The results obtained from modeling are compared with
experimental results which showed good agreement.
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Please cite this article using: s lod o3l Jad @ yle I lie cwl & glonyl gly
S. Mohammadi Esfarjani, M. Salehi, Evaluation of the damage detection capability of inner product vector for LOP and LOSWF defects in a groove weld, Modares'Mechdnical
Engineering , Vol. 16, No. 6, pp. 7-16, 2016 (in Persian)


http://mjmec.ir/
mailto:mehdi.salehi@pmc.iaun.ac
www.sid.ir

Lo S 34e 9 S piwsl 5 3o Hlins

ol g )3 Ay 395 eI 9 0 )US 395 e gas (plwlind ) AIS 338 )1 3 Y9 bl w) e

gy 5l ookl b wls 55 Lles mlio )0 45 eguiiegll oads Cyghs
O iR gh eed dawg (6,550 Gabsd o Sl hliie Siwen &b
&b by @UlE Gay p Sems R sl g gl g5 5l [20]
15 o) gl el 5l ooliisl b ol alolids (ol lite _Siron
oolatwl Gls glagewly 5l eslazul b o] ol gl s Gpols
G Ay 0 oS Cwl olads, 31 SO B oyl ey gy s
2 d22.21] o) Sen 5 Sl I BT 5,5 o )18 Jiline  Sicon milgs
2 el @lelis Gl wpo o sy eean & e Gieshy 90
Sy B e Jop e [21] Ul s o awsley Jlsle
oole 3" Fara pas ol Gudizs cpl j0 ab sl co] olulis
poo anlllae 15 28,5 JIE () p 3)50 (275 D g 655055 Y S e
ol ly oy 5o gy oy 4 1[22] liime 05 ) e Ly
ool il osed 5l oolinal b aib cotn gz lezr Sy Sl o ]
DBl 5t g

By s N Ghy) o S (Bl ool gy ke nl o
ol 9 S o B b w950 Cal JlSle lacnl olulis
olor 5 a5 b b il askd TSl loge o gl s,
S olee a4 Bl o oy gy bl ouls sl coe skl
O Sad Jlite wilg 5l eolaisl boaS o] aseas w65l
25 SezS ee oy Wb b gadke g SOy con il lagaly
S JUS U S RIESTORNIE e

Wpdy Oype (225 Oype & kS de slagiegh )3 g o0l
Sl s ugSLT dgame yladl 180 o5 10 g, ol canlllae ol 5o 8
GBI e o sy b i 38 e 0 gl oISl 5 00,5 e Sl s
g u.uLn)—l (Silwands gy oo 3 OL‘.:.&J@‘ slp .ob;sa delxo
Syge g A pdy Syge d21] Sen 5 Sl BT Lawgs L3 a5
@ L sle a4l () @l oo Sudp O30 5 0S5 e S e
lagisy )0 xS 1B aul o5 sileaad by, (228 Giles!
2 g9 Giolejl slaws YU anje g oley Jud 5l slacosgame b 020
lacusgaze (AW Ged Siluand (g L aS pelge g axkad s,
Wi ol 5l ol Bas ls 0529 5580 aslllas oSGl oy b,
S ol Jlop sy b el (ais Ul 5, 2 538 aslllas
OF SOy Vgd izl eads (6, Sigm ashd S o) 0590 diged el
S pac ;ruu? Ay, dea5 pae odd Sl slacae 5 ool 304
G35 iy (2 slagiy Jold dlis ol aslol asl & i o LS
Oy Come jl plaebl 5 alojl (sly B Bl e oy b,
0 6,85 gy 5l eolawl b eads (6, Slakad s y3h (4 (g5lwans
Lol (6505 a5 (B 5 (A3

8% -2
SIS 510 iy 5 -1-2

Debonding damage ’

Honeycomb sandwicli composite beam
Low Pass Filter Techiiique

Analysis modal dynarhic

White noise excitatioh

Band pass white noisé excitation

Lack of Root Penetration(LOP)

Lack of Side Wall Fu$ion(LOF)

o e = = =

[

7 o)l )7 093 AYAD ) gapicih ()3 SwlSo i

2 Slagialojl alaz 51010 9,05 g sk 4 09,8l lSlu (S
J3U gl s T FS00l, Joseld glagtlel @ Glgiee oy
I Sy oS Ll g peda (cwpil bl Ol s
Cogaome dlex 5l g ond (6)Shgx axka 4 ol (o yiws Vb diy3e
el jskiie 4 1wl o gt glagiales] Jsane lagis, o
Il g Glagbsy i e mE Slagilel I eslitul
S M) p S bty el 950l mlie (L2mg5 slacagls]
el il (o3l ng oy,

Cdls Gl plgebl jslate a4y aslad o gyl 3 sladle yo
Fysb 4 i)l p e slagts, b dece] plolis 5 sl
o] il gl egill sl oUly alex 5l Al LYo & sz
S8 azgi 050 ciloads sols 18 Col Joee 51 yg0 a5 lo S aliwss
ooy oile)) s eyl plolis [2,1] wlazs s
ol 3l Ky 4 45 el ((ilS 3 slagely aiile) 3y dglin
Wit (Sonlys Oleogas a8l oo 3lasl Wl [lslo G a4 Cond oayd
ol ozl 5,41 puils 3 b mlys 31T JLsl Jao ales
ols 11,101 Jlsl sl 09,81 s beasl sl 7,617 L azals
oS ool 3l Gl asis slais, 5 d13,12] Lline  Stees
W58 oo 53 oolail 590

@ pPlams S o oS cl ooy 5l (o it (Staen @y
Ll s ] llis a4 d14] o Sen 5 Sl ool ouss axsley o
S D90 4 il slagenly it Soean &l 1oy 5l osbinad b
Il Ko 16 oy 5l ooliinl b reghy cpl o il asle
2 0 Sy 5 ol a2l ol bl jlam g 3 35 slagely
Togs Jlite (Stwen @b Gog, {151 o) 5 (J anS olulis | askad
cos old slagaly 5l eslinal b Jtsle o el lulis oy |,
@ S @olidn gy (nl el Slpidy laze Sihe g S0 20
Ohes 5 Sl ailpe psbes oy S0 cl 5T oil58 slagts,
Os Jlie (Seen @l sy o un @ sheon o ([16]
ey i @UlE Gl Geizen g Sy a2 pe abaki I eslanl
Woged dulio 5355 lite Siuwan &l (g, L 1) B 0y oy
Sl o 5 ao ALT7] (Sen 5 Sl bags S00 staghy 5o
el S @ Doge @ 0 Jlite (Seen 2l a3LL
(Ko @b oadJloy 45 0L et 5 ad (o) p adib 03519 ojle
[18] imghy 5 Sls ablye copmsl lolis &) 0l 5055 e
ooy 3l eolial Uil S ye oole by )8 Soten  pas ca]
Bl oS olulid |) Bolas om0 &y 4 blite ( Siwon 26
Fo S el plolis 4 o Do & J19] e 5SS

! Ultrasonic Testing

? Radiography Testing

3 Liquid Penetrant Testing

4 Magnetic Particle Testing

3 Visual Testing

¢ Model Shapes

" Frequency Response Functions
8 Time Domain Vibration Responses
? Coherence Functions
Transmissibility Function
Cross Correlation Furctions
Auto/cross-correlation function
Modal frequency

Inner product vector (1PV)
Delamination damage
Composite laminates ¢
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Filler metal 3
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4 ABAQUS finite element software

> MATLAB software
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Modeling with ABAQUS
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Fig. 2 Diagram of IPV/ techniques for damage detection in structure
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¢ Boundary condition
° Actuation force

' Mesh 0
' Analysis Step !
! Displacement 2
! Rotation 3
! Shaker 4
1

Free meshing with ttiangular and tetrahedral elements

AR

! Excitation force

2 Shaker

3 Vibration stress relief

4 Modulus of Elasticity (Young's modulus)
* Poisson's Ratio

¢ Density

7 American Iron and Steel Institute (AISI)
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Fig.16 Obtain the standard deviation D;py from analysis displacement
of nodes using IPV method for damaged model (LOF)
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