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This study aims to investigate the ability of ultrasonic method by using critically refracted
longitudinal (LCR) wave for measuring stress in the elastic phase of an iron-base alloy and a
an equation includes of acoustoelastic constant was provided. For this purpose, extract detail
of metal alloy components was achieved by use of quantometer analysis testing and . In order
to send and receive the LCR wave into the samples, the investigation leads to design a unique
type of ultrasonic fixture. The fixture was made based on Snell’s law that only in one part. In
the next step, different amounts of stress were applied to the specimens by using a uniaxial
tensile testing machine and record stress-strain curve data. To this end, more than three metal
samples were used in the study. Measurement of longitudinal applied stress by ultrasonic
method was done by using 2MHz probes based on Acoustoelasticity theory and close to the
surface of the samples. After conducting the experimental tests, the results indicated that there
was a significant relation between stress and time of flight and wave speed in the elastic phase
of the used sample. Every material has a unique acoustoelastic constant that can determine
stress value by having times of flight wave. The conclusions of the study provide a gradient of
a line that known as an acoustoelastic constant. Finally, by comparing the results of the used
method with other researchers results, findings showed that there were good agreements

between them which shows the good capability of acoustoelasticity theory in the measurement
of stress.

Keywords Acoustoelastic Constant; Acoustoelasticity Theory; Time of Flight; Stress Measure-
ment; LCR Wave

CITATION LINKS

*Correspondence

Address: Department of Mechani-
cal Engineering, Najafabad Branch,
Islamic Azad University, Najafabad,
Iran

Phone: +98 (31) 42292278

Fax: +98 (31) 42291016

jafari@pmec.iaun.ac.ir

Article History

Received: July 11,2018
Accepted: February 13,2019
ePublished: October 22,2019

[ 1] Finite deformations of an elastic solid [2] A mechanical determination of biaxial residual
stress in sheet materials [3] Second-order elastic deformation of solids [4]| Ultrasonic
measurement of stress in railroad wheels and in long lengths of welded rail [5| Measurement
of acoustoelastic and third-order elastic constants for rail steel [6] Determination of near
surface residual stresses on welded joints using ultrasonic methods [7] Evaluation of the
rolling direction effect in the acoustoelastic properties for API 5L X70 steel used in pipelines
|8] The effect of ultrasonic excitation in metal forming tests [9] Residual stresses in laser
welded aluminium plate by use of ultrasonic and optical methods [10] Defect detection
using ultrasonic arrays: The multi-mode total focusing method [11] Relaxation methods for
measuring residual stresses: Techniques and opportunities [12] Ultrasonic inspection of a
welded stainless steel pipe to evaluate residual stresses through thickness [13] Evaluation
of welding residual stress in stainless steel pipes by using the LCR ultrasonic waves [14]
Stress evaluation of laser cladding coating with critically refracted longitudinal wave based
on cross correlation function [15] An improved ultrasonic method for plane stress
measurement using critically refracted longitudinal waves [16] Laser ultrasonic technology
for residual stress measurement of 7075 aluminum alloy friction stir welding [17] ASTM E8
/ E8M - 09, Standard Test Methods for Tension Testing of Metallic Materials [Internet]

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


https://www.jstor.org/stable/2371405?seq=1#page_scan_tab_contents
https://aip.scitation.org/doi/abs/10.1063/1.1699913
https://journals.aps.org/pr/abstract/10.1103/PhysRev.92.1145
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19740023246.pdf
https://asa.scitation.org/doi/10.1121/1.381146
https://www.sciencedirect.com/science/article/pii/096386959400013A
https://proceedings.asmedigitalcollection.asme.org/proceeding.aspx?articleid=1648438
https://www.scientific.net/AMM.24-25.311
Not Found
https://www.sciencedirect.com/science/article/pii/S0963869509001480
https://link.springer.com/article/10.1007/s11340-010-9386-7
https://www.sciencedirect.com/science/article/pii/S0261306913001611
https://files.eccomasproceedia.org/papers/seeccm-2013/s2157.pdf?mtime=20170330153408
https://www.sciencedirect.com/science/article/abs/pii/S0003682X15002388
https://www.sciencedirect.com/science/article/pii/S0963869518301944
https://www.sciencedirect.com/science/article/abs/pii/S0003682X18302743
https://www.astm.org/DATABASE.CART/HISTORICAL/E8E8M-09.htm

GliS (522 Mg g (sles Jaze YFYY

GBS Uy S plgis Ssulydyl (g 5B il o £5090

9 iy L_g)ﬁfo)'b.ﬂ S (2l g ealasiwl by yiad bl slp
e gl oo gl Slgice glsel ool ey ol b
3355 5158 oslaiul 3)90 eluwml s (i

a8 b (glazin, i Sgulyigl (g, b Gl (656514

Obey s WY Jlo ) oBlge wiS plgice Sypghy 3l
S5l oslasal by 9 S [a)S (6,184 |, Siguslyls]
G 23 b esleiSone slegidld wiilyl Sl Gy,
apls ulely L7 g udare [21aiS gl A5 gy (5518
o daly g el Jols O‘EU)sﬁ bugi a5 glasuswy
53 1y ol 3929y (sla S b Sgulydsl (g 53 Zlgel ey
Wb dlwy b g Al cwn 3Slken Al S
ixej 53 bl sl dlex 51 Blsls by |y SuolgiwssT
4 by ol 5l eslatnl Ly oS wisgy iy 9 pliT ( Sdgul iy
Lo pd oalastwl dy90 L_glm‘as,u.mgﬂ 9 el L_g)ﬁfo)'b.ﬂ
paiud sldshd (o g SO/T 51 g Maislsy (5loleslsn
095> Glesl (IS lase 1 3900 g whilgay ) Suigulyds! zlgel
(5|):' ool 994 SVl 0390 4 as UJlmuu)S A Cawd |)
a5 035l ouized Ll L3035 awy iolej] wed sladises
Sgulydyl zge Ll ez e 3 ORI plise cuz
wld ol b b cys> ¢ (Direction of Travel)
dloz 1 Sgwlyidgl zlgel jeue 51 L (Particle Motion)
Ogumme GRS (53503100 53 138530 5 ol Sl (slayielly
9 (0ol ) @hd (i) cga ST a8 (lais% g 0
Olae @hlyay s9da 03l JruS Sigulyilsl z9e o ez
ol aSopsky Vin gles b Ler ey cadly oaid slol (25
9 dghd 3 Ls.usml)_ujs' C|9A| )L/.M.\J' > oM)OL&j C)T ds'
e whued ol whd b)) ey camsplid pgs el
9 wamlus ooy Suilodl ezl )3 (AT @l 4 cowd
2 Va1 5 Vi cepw 93 duglie b uizzer 315 |y (550325030
wllgas sadbaloal (il laae &S Siyguo 53 (A (atido ) jlaged
ey @l il Sosuhidsl zlgel goaliny cez
Blsls salgs

107

—e— Va2

daviv
o

-25
-1000 -500 0 500 1000
Strain (Micro m / m)

1Bl 423)S 51 5ol gy a0 ey o elyd () 5lagad

WAA jg0 o) ojladt 4 o598

SWN SO s SalgingST cupd (655031l
God ool el a5l
OB (i)l sohiedy diuniiwYlgiugST

MSc (53ox0 Joxo
ol),gl QL}T - %) %_,.ASL»‘ jl)T oKisls QL}T - %) .\>|9 SOl (wdige 09)§

PhD * S)lis (gs8m> slg>
ol)gl QL}T - %) %_,.ASL»‘ jl)T oKisls QL}T - %) .\>|9 SOl (wdige 09)§

035z

sy b Glob &loel 51 (spSoe b Sdgulyidsl sy (U8 sl ol 53
sy ale @Y 53 5 Ler glsal o6 b il 51 lassl 4 a5 il e
9 G Sl 4l gy wilise Glaisl ise 4 cowd wewd osd
sobike ol sl 88 4yl o sl S lgnusST Coyd e Jols (slably
oseil 5 oslitad b (g3l wiges oximduSdi yolie @i wladde
3 osliial by Jlsb (sl 1 slite pslie 5 el uns & (s siegilyS
sobikeds e el 3925 @ (G diged 9,3 0y92eSE RS ol
6&99)3 sly (5“"\3)"\{’{’ « Ler <’z|9.a| 3 el b Job il ijojl.\j‘
Oliee @lsel ool Jloyl b 5 2 aislos Jil 3 Gululy s55,08aY Jloy
G5 elely 5 ashd mhu I Gakde Fes > dszse LU
@Sy g by gl 656l b w8 S8 (uyp D90 dmialgiusST
sshaieds sldbly csol s 4 gl oaims 1SS yolis o5 (531 gl zlsel o
(Sat¥lgtaogST Cops laiie) Sl o390 53 39230 GRS Glize 3Ty
Grme 09a5] ol 53 a3 0xigl 3925 4 Jelse 5l S uizren weuitS Jol>
O3 b 3920 pszen dols slaedls Wg) wiuliiel jobiody ad
Gl 3 Ll e 5 (6xS551al £55 4 dian) Slon lej b alel ey
4 50 @bl (sl o ohSamgg Sos slaesls Glie 3 2g, b Gibie WelS
Gos5 b wds 5l lis gul &S cdls B Lde edyg]  cuss
352 G (58555101 (gl At IgiangST

@se Slon ole imoioVlgiosST (650 (SotaVlstugST o dmejlals
LCR zlgel (2 (55051l

WAVIEIYe sedlsys gl
WAYNVYE @ pdy f,ls

jafari@pmec.iaun.ac.ir. : Jgiue sdiumgs”

dodde -

Jalod g (655051081 dicaej 53 (3L sladyiin pd! sladlo y
))97):' San L oS (ol hyy cwl odal dgz>gd ﬁLw.?' 3 RS
9 de IS s 93 4 45y S o0 43 eslisil 3)50 (IS olie
dskd Lcs,o.c (=0 lemosﬁ)"")) Lol «digas (50 Pl o gl
osliiuol Ygamo dS 390 o 31 S0 b 9 3950 St Jolid

Loy silwn o358 o js &5 Gilehd js ke glaghy,
cawd 1y 3¢5 (2L (s o liige degamo SOl Slewd
Pl d> s dewgd g oalisiuwl gy ilgi e 393 ol &S b
oz 51 aloy bl 4 csie 3 L s slaghs,
OBl slaubss @ pleioe (BT (6555518l Cyent slagbs,
U9y 5 SuiwVlgigd uablite ogyigi (bly X a=dl
..))S o)Li'Jl L&AJSA.U')_LJB'

9 Sgulydgl (g I eslastnl b load condiosly glaybgy o 53
ogMe lgise ol 4y Hlasl (uilS)d o Rl g g5 4 din
dshd ahwﬂ padin Shes 53 (sdaw (g ad (5 Se5lal
ey punz 53 GRS j9d> IS I8 Gy g0 |y GRS 0 B

39ds0 pan ol 0903 s Zlsel ey 3 S sl 392

L’)ﬁl .))JA_\ ua),ub esle M}”s_u.usz La_ual.’>)| 40 L’)ﬁ' 5

e SuilSe udige ddghs - (sale dolinle



PEPE bty o aily (6508 ST s 5 SenaoWlsansST apd (5 puSo3lad

VYO poregll LT Guiz 51 Gs9 93 ly ohlSen 5 off
Cops L3y oad odly (> S0y 4 Skl by
105358 apsboa |y Steo¥lgiassST

&S el (955 4 Sdgulydgl gy dswgl (gl Lo ojg
) SseoVlgiasST oo jlake B sidsS e plizen oS3y
33 ssbie sy 5 nkes aslae Giline (slasLT 5 s (ol
b LT 59y (509l G3ail S pladil b 55 gy o
8555 lakdie 8 o3 ope o] 31 GialesT ool sl & i)
Copd e g M dmelxe LT emimsSiad el
035 il 5 dvlons 5 50 ST (5l SVl

allico 1 p51> e¥alao - ¥

5 daad Sy yigil puu SO sl 0abais,S i)y dluae 4
SLouii)S b Seiguhidsl Zlgel cspw g S9290 by, (L
obe ) dolee wygay wiL T #F ]« Gl gl ) Sadl
Blassys

poVi =+ (m+ )6 + dpa; + 2ua; —%nak Mm
[ piman g g A il g 42k (JBz po o dslse y3 &8
A cpgw 423 9 p33 42> Selwdl slacall codyu n g M o
Zloel ey Sibo Vij 5 53 el (slaptd)S oaimsglas
gV dsleo § = uslie ;3 aS0)50)0 sl Soigulyidgl

A8 sales ol Ul Y @Yslee
PoVA =2+2u+ QRL+2)0+ (dm+ 41+ 10u) + a; (V)
poVE =2+2u+ QL+ 1O+ (dm+ 41+ 10p) + a, (V)
poVE =2+2u+ QI+ 1O+ (dm+ 41+ 10p) + az (})

2 ol 03 G55 g 355 4118 0,950 S (1A e 1S askd S
bF ) eYslee bl v b uly goulsy cars s €l

.[3]))5 4.\4»[240)_\.' q L:Jl O eYsleo ygal U|9JL:‘°
poVE =24+ 2u [4(2;1 +2) +2(u+2m)+v

21 (%)
X u (1 + 7)] &
n
POV = poV = 1 + [4u +m(1—2v) +v (5)] £ )
poVh = A+ 2u+[21(1 — 2v) —4v(m + A+ 2p)]e ™)
n
poVA = poVE =p+ [(/1 +2u+m)(1—-2v)+v (E)] e (M

n
poVs = poVh =i+ |@+mia—2) —euxv ()]s ¥
ceyw s dshd s 4iié)fk")s*a 0iyS bl &S50 5

W G e¥slae 5 39 ai8)S Gide ()T 4 cuwd oddsly

Blasgs Jols>
avy, /vy —> ,u+2m+,u><v(1+21/l)_L 09
de A+ 2u T
dvy,/Vy2 nxv m
ﬁ — — =1, o
de 4u 20+
dVy, /VY A+2u+m nxv
21/ Vaa _ u n =L, o
de 20+ ) 4u
ul
d Vo /V, m- //1
de 2vi1+ A+ 2u L2 on
dVys/Vy m-—2 n
23/ V23 _ H LI (%)
de 20+ )  4u

Modares Mechanical Engineering

OBS a9 Sgulydsl g 31 i8,Sepe b oS g VUL
3 3050 o3lail plinls dsks g o3 )3 ) S Aty
01055 duolone OWAS p5ainasll (sl 1y SsteoVlgiansST
Ohey Gl phen I e wr S pustiw
ol )y alide (slapiad olie (555551831 (sl 1) Sdguslyils]
slade g sy APTOL XV iz 51 Glastwl dlg) (59, Sl
A0S ol plddssjl s diged gl | SetwYlgiugST s
239 538 sl iy g ok zee 330 51 Oyl s LT
edlo e S %ot Ly o8 13,5 @del (LiylS ulis GinliS
2035 Ml paizan Iy se2g Hlapid wdle b QIS g9
zoe b duglie 5> Silowg (il 4 cawd b zse (53wl
Mewsl gy Ghp b o

S s by Sgulyilsl zlgel Sy il by 5 piellue
L3S s (63998 518 (sl o3 S i

gl 51 Al (s gl ) SdlsiwsS T cape phlSen 5 &
DPlaas S o1l GeguinesIl 329 S sl 15 b ()5
Obey 5 Sadgulytsl sl 5 eslitul b olSen 5 Sl
5 WS oy b e parkidd slaghy) 1 edle wiz Speie
OL155)S (Byme liyls 55 1y g sl 6,130l (it
S 355 5 oS 15 s ool bl ol o i it s
sl 536 (Couplant Film) calysS S50 asy colis o
0sel 3l Jol> @i puizen 5 xSyl wds n gax
b oo B slad o35y ssbiey calysS 5l 4 2 8 e
355 puled gl guizen 5 laogy 01 5 I dsks
SIS Gl @Y 13 59 e soliinl olies g b bagg
b a4l |y 69 sboalT LialeT s (55 cilsS eyl
Ol @y 3 589 dse 5l Ysane LacalysS &5 35 plsic s
ol Weom/s Tagas Ll 15 wes e a5 Sgdos JuSdd
3929 4y ylagher/) il calysS cwls 55 ST el
9l (Time-of-Flight) jlgp ol (5,8e5lsl ass y3 Ll
lyasi S oS Cands 3 ol a0l dnlgd 399 Y] 4l
L3S snlgs 3,91, anhd )3 (3 98> 51 GG 1) Slen oles
Vg8 (sl wsly plail &5 Slidiad b ghler 5 59k
by 209] oty ) dtueinoYlgingST Coyd LV il
S casid 4l b (sb zlgel 1 eslatnl 5 o pd ol il
9 Mgy o (5, Sbgr SoF by, b &5 (ladigel ;3 sidlys
Gos Ul (i3 (disg) (udzmayud 9 puizned wygay laylS ashs
2 bl glinhi s diged ahw 4 cowd Glase
bl sa9bst Ghgy 5 ulad Givg) 93 cials plauil 45" SildlesT
38 b 0bey e ulze g Lo L)l gld 53 5 2505 duglie p
O gy i b Iy el cuwsy ol puizes 03T (lsie
93 51 Jol> b oS suils eMel g 2355 dunlio (Eliguw (2w
N2 331500y 0o by 9> wiisllae (ivg

b oS Feri¥ LT ly | SeodlyinssT cops S g g
Uidvgy (Laser Cladding) (s 54 (s,15055g; sial)8 5 ealaiuwl
L141455,S duaolos [y 393 0845 0313

b S digad sl |y slamie (3 slie olylSen 5 Ly
095 3 LCR 9o 51 oslasul b «patuiio Su¥lgingST o ps
(Digital Image Correlation Jlusws mglai Siwsen
23)S Vel g 38y dlo (Jliwn S diged S gl Method)
MBS b (e @il by 93 e 5l Jel il oS
BB RSN

Volume 19, Issue 10, October 2019



CliS (g2 g2 g (sles Jazxs YFYF

Glob zoo ol @ ooad edls plis ¥ S js oS jghilen
sl b ok zoe cubipe HLastl JIS ashd )3 oS coaddinsis

g8 (0 Sy sl
I——7s —I l— 75 —I

* ASTM EA/EA M )il (ulusl y disai slasl () JSid

-
2

(0> > y) (6 yiogiilsS Julod gl (V Jgaz

odimd (JS&T lade opd  polic eaimd ST jlaEo wopy polic

<eofesYe Nb >qA /e Fe
<efoe¥e Ti o[ C
<efesYe Vv WAL
<e[+\0- w o[ AV S
ofes¥¥ Zr iR Si
<.[+Y0. Pb ./004 Mn
ofesTe Sn o[sYA Cr
o[esYA As ooV Mo
>e/Y). Bi ofs0Y Ni
>efee) Ca +[+¥£0 Al
ofe\V B ofeet Co
9-(:1‘ | Probe
\\‘/‘bl
\\ (
J
\ .
N Fixture
\
C | (
J N —>LcpWave/
Specimen | \ ?
N\ //
Q<
% 90
e
)( le——" (

J
2lsel il 1 ales (¥ JSb

ol osail ol 53« Sdgulydsl (g 51 s o skiies
o b Gsb zlsel eaiSudyi Guled gy iz
Sy wole & yiaglels ol Hhd o5lail b j5,mlKer/ YO
).LA)L\.MJ' L,S)w el Ls.usual)_u]s' oK RESALY] puu.«.\‘.isw
el 55 1y Gsb zlsel cuep 5 3550 (35T sl b oslaul
9 392 Sigualyilyl 01,1 1655 plan o Jsl eslo (gl (BT (9
bl ¥ sl Jgz 55 o polie o5 0 (655151 ol s S

RO W

Sigulytlsl zlsel addsl cuepun (¥ Joszr

ok zse gl ey asle
(m/s)
OATV $3¥g8 5LJIT
YYVeE (ol uSly) M8 Lo Jasto Sl

WAA jg0 o) ojladt 4 o598

oS whesi 4 Seiguhidyl zlgel cepw s cows
o sialice Sea¥lgiuwsST oy |y azks jo 5 wdSense
ol 04 0315 Glid Ljj wygan 1F I @¥slee p o Hlade
Sdgulydsl gejl s il dy a9 1o dlslan I eslatwl b
olsice e xSl zse Slan ol b g ey laie
wygar z9o jlox ol by e caws ) (AT e
D18y diwle 18 9 VO Yslse

0
o= E(dvll/vll) (\Q)

L11
e E(dt/ty) 0%

L11
Jool> 20l 5l oS esle diuiwy] Jodo ¢lgiss E (il 4lade O
cord glen Ly 3900 drslae o)5mesSs (1S ogsil 5l
Wb g cwl Bipa=io b o glp & cuwl SowlguS|
oaddly bulgy 43 0 sl agd (S)ﬁfo)'b.ﬂ oy
Ui cad Gl 3590 5 aghd jeim &S cwl Gl caimaylis

el (RS g edls ol Kbl g cal 48,55 413

OB (65051l g g Galind whey -V

Ladigas (g3lwoslel -V

Ol el plail (gl ashs W51 Glash oal e
olu ASTM EA/EAM sjlsilial s o5 Glasllgiaos ol
51 eslatwl b g oaid odls plas V IS 58 oS (eolel b g M7lonis
23 39290 (Sl Gy il 5 B b (g5lodigad ceayily 3]s
S gy Gl pasl adsl el @ o @)

(s 5egilsS gail -Y-¥

390 ool by ST Guiz 5148 (B9 51 i ol 55 (aiceen
S GSetwoYlgiwgST capo aSil @ azgi b Gy b eslatul
wlatio B 39 05 el 38 ol 4 pamie KVY RV PErTSRe
yolie doyd (pusl jghhias bl (asdvn ¢l ssws LSl yolic
B 350 Gr9 695 sl Gsail ol ST ssims JSis
ol o ) Jga 53 o s3jlu yolic o5 i plal
c.\.‘gl.\.&fﬁ b -v-V

sl o 092> Siswlidsl slacgs o (loai) 1S5 wilo sl
9 S5 glase o5l b (Glhon gl dnnle p ogde 13,50
013,15 5 odind gy 93 o Jod LB alols JBlax (yuizan
338 dulso

i agly - ¥-¥

&S alizxo o3lo 93 jl Lab 418 Sogulil zlsel & Syge
3ol Ll wglite Ll )3 e jaie ey
3 Sgulydgl 013,11055 plan xigl )3 45 Js gesle 51 i3S
9> o3le 4 3959 51 8 5 adlise waly)S Lie Juie Gl iz
03lo 93 Gy Syldis jpo 4y gduwy b 9wl HI ashd los &
a5 ai woles oanlizl eo (glaiws g aSl zlgol 51 (glaws
dil g8 4 azgi b plgd oo b QUL g cwss gllsj
oo o (5938 ol 51 esliiwl b .3)S dwl=e (VY dsleo)
o b O (2al3b b g casld aygly gugine 4 0 (il 4l
ey 4V (Gl glgel ey Jsl eslo 53 wao sl
L)l ply Vi (0 ditSls zlgol cuepuo) 93 o3l wgo
sinf; _V,

sinfp Vg

v

e SuilSe udige ddghs - (sale dolinle



VYD ..ol 30l daly (5308 ST iy SutaoWgransST catpd (5 5uSe3lasl

Aol Cuwds YV dslseo @.\b digad (990 (8 TH0 S 4.\9|)
sinfy sinfg

YY)
Vg Vs
sin90  sinég;
g - vy
5863 3279 ~ Os=34 AR

3 A 9 b .a o}'.&i' (O T S 4.\9'; O paSdie lJ
I VE @Yslae oililie balg, 51 eslitl b 1 (b ¥ JS

4938 dwle YA
a

tan O = 3 429)

a=btanb; (Y0)
b

cos B = 3 Q)

t 12

b=t = §=?=cos34 = §=14475 (YY)
a

sinf; = 5 (YA)

a=Ssinf; = a=(14475) sin34 a=8.094 (v4)

BBlas @ Hlade pdls b cwl aghd cwlxs t.YY dslss jo

3ol cuwds V) dsles @.gb Din OlAJb L D953 93 (1 dols
Dmin =2a Q)
2a =2ttanf; =2 x 12 x tan34 = 16.19 [mm] (¥

Bor SYAIYFE Gl dagly (sl ool sy slaojlasl 4 495 L
aold J8lam g X = YeIYA jiohee canmys a5 plase Jsb
Dinin =810 jiohae cummy 03355 g 0aiind Ogy 93 oo
U s asle oAJ):S 9 oXilwyd g &y 6|0AJ)|.).Q§J' g9
Owizman 3 3y &S el Gl 3 1) Sgwlysl slacs,
of (555 45 ashd 315 4 Lor zlsel wigas | Siswlids! zlsel
b Ler oo sdsi (sly o5 il a8 Jlol xS0 13
23 &5 Glelse 5 4l )15 dshd s b JolS (uled ;3 01305
L ashd mho pady) caw e Gl slaanl b
o wailysS pliy Gale 51 Ssdie JolS el ool @ile 30
O3Sx sshier Miwe gupwalS wby iy, dlge I Ysase
Oizman g )5 dshd mha 5 01050 b oo ,d G slas
WS 5o 3929 b ealiiul 013,1055 b gy el b o
oo @ee ilon ol 03 pesS G cilysS culis )3 sl
033653, 3 655k sl o5 39ds0 (55031l s s Lax
2851 oad osls oli m F S 53 o5 jshilan (3l ol
calysS ool gy g5y ey 6,lis b B b oslitwl
PR CEWE UV IES USRS IRT P ENEIVR e
L iy @S 1S dmhad (59, 05 b b 013,]1¢55 395 (paiceen
03 Ulaleil gum 525 013)13450 5 ambd (o cilysS culius U

ilay Bl yass

Transmitter | Receiver

|
w Minimum [ f_::?/
Distance
I !
fa— A

|
: \ Lo Wave | B
Shear Wave ¥

%
o zlael g Ler zlgal eS8y (¥ JS&

Modares Mechanical Engineering

53 ghw @lilge 4 & 290 skl 5 Jol b a9l pudk e
wygar Gl dygly g adb ool VY dlsles 51 88 jeue 09 oslo
2Dgu diwS a0 dagli b (Job zae U sl duwlxo YA dlslse

8., = sin"1(V,/Vy) = sin"1(2774/5863) = 28.24  (\A)

S35 gldge —Y-¥-¥

R oMyd gy S wge Wb (5uSe3lal b
oS Iy 390 osalice dihie ol y3 weo wid I elaiels
SoyiSlgi sl cpiz S8 Sl ISise laogy il
sslxe slapsl b S 51 Yl W 51 G se o5
o2 b oysly ol 51 S e 1 assly lisl zlgel o yls lisags
S ) wge wad ehiel gijei sl caw g 035 YsEn
dols ol 51 as by U cwl ‘a)kj KUBKVTY- 790 (ST3% ahw
dhayly Cgyy ol sh8 glail b Sap dibie Job apdy wyse
o sl o (il g yls pugSas dhly z9o Jsb b g paitus
0B5ES b eyls (wsSoo oawd (il b zge Jsb paRiv ol
e OBl S3js dihie Job (il

2
D 0%)

XZH

551350 D s ol X b 1y Susp dibaie Job 13 alslae 3
olew) Jsl eslo 3 ze Jsb ojluil A 5 Sgulydsl gy saag
sty b oS il (Oul Gusly b @¥oS Lo Juie L
O dslso y3 (o @3l 43 g Ve dslso 5l 2o Job slade 397

33550 dusle S35 dibie Job

A= (Y+)

4
f
dlse jl zge Job ludo dunlxe sl (uils)d Y aadly o> f
Y1 dslse G Sunjs dshio Job 3 dalee s o (pala,l3 g Ve
g olgs duol=o J18

_D?_D¥f

1w, 20.28 [mm] (Qa))

oy 99 on dold Jolas —P-v-¥

39 dunle 3l 013l0S8 hb (sl 45 Glelse 51,50y S
Cax 9 oMid gy o Aol JBlas jlude o357 oy
030 &9 )8 31 Geyd )3 b o a9 sl 043y
T3 S5 prano (Fniiben 9 Judaxd b wilgin U bl ails ashs
S oS g 93w dlold JBla> Ler zae 9 850
e oS (Job zge (b oLl jud (-Y-V) Lido jy &S jshilen
2 Sl Sl Guy S 3585 3le 93 (g Sxe 4 Gih s
e z30 5 b cusd 4yl b ok zge wygar pgs osle
Zhw 5l pakie Gas ;3 Ler zgo <yl 4 2ls b g osely
CSy> 4 dahd ol ) cadadsl (o e § WS (e wSy>
W5l g 3ede oanlisl cashd sl 4 395y b les
VOIS s oS pshilen oplply WS (e w8y dshd abw
Z50 45 335 413 ol 53 b oxiyS Cgp (K oad ool lias
G Ay S JBlas ashd Sos Bk 4 35 Sl e o
33550 UtaleT 350 digal b

033 e Zoe ey gy o dold JSlas st sl
cdiwol (938 5 ealasiwl Lok LS):&fO)"Aj' YYVA L ply Vo b ashs

Volume 19, Issue 10, October 2019



450

400

350

300+

(E(-O)/0 (MPa)

50

h
a
Qo

450

50

100 150 200
Stress (MPa)

G 0995T odsl 31 Jrels zulis (¥ jlagad

400

350

300

(]
[31]
o

n
[=}
=1

(E(HO)0 (MPa)

150

100

50

450

400 -

350

300

(E(t-O)/M0 (MPa)

150 F

100

50

n
1]
o

S
=1
o

50

100 150 200
Stress (MPa)

G 0995] g 31 el zulis (¥ ylagad

WAA jg0 o) ojladt 4 o598

50

100 150 200
Stress (MPa)

225 09851 pegu 31 ol 2l (8 Hlsgad

GliS (5she2 g2 5 (sles Jazs YYYE
Ultrasonic Fixture

ashid (59, 0331655 9 gy (6558 Galeils (¢ S5

0941 ol - F
o&iws 1 oaliiwl b ol sas oals ylas O JSb 43 a5 jghilen
Sl il 51 (gauslie Ha3 3y50 dshhd g5 0ygme ST idS
zee Slom ol solie i Jlel L oplojes L3S
ool A el 30 Sdgwlyidgl oK bgi o.hi';t_g)ﬁfo)'bjl
w5l Jol (slmosls ggazo 13 9 ST @ 503 5L 95 9ej]

Al ¥ gz 53 e

OwizeR 9 IS e wdl )3 zse jlas ploy solie pdls b
9 Ssvged siiS Giid Jleel loj o a.hi';t_g)ﬁfa)'bjl ol
oSl ol el U 3 Sl e lpmass 5 G o
30355 oy F U Y (glaylagad ;5 oadolanil 93T dw s (sl

w jl Jols glaesls 1 eslasiwl b a5 (alaylaged 0 slaged 53
5 055 cwy Iaame (b oals Glis € B Y (slaylsgad 13 (5]
2 b G g M ouny Ll degame (0Sbe lgisy (5)lages
Cope glen woadphily b dilae cad oS wb Gl of
oslasiwl 350 UsA)T o2l 5y &S dg (S)L«JT sle Mwwng
Y YRV w)f)l)s

Blite U 9 z9e jlan gley malie (¥ Joaz

pow ool £93 0ol Jsl osas]
T T T

(ns) o (MPa) (ns) o (MPa) (ns) o (MPa)
NS - vave 2 20 5
YUY- € vyl o Ya/v- £y
VUM YOME  YAIY A Ya/v) Yy
FUYF ONOM ¥AYA WA Ya/vy o
FUYE  WIAY FRA. o Ya/ve W
FUYO  \VAA  WRAY YA Ya/ve \io/Y
(anat WA - - Ya/vo VAIA

&0
g
S
w
&
-
;

OlalesT 53 oalisiwl 3yg0 wiljrgadi (0 JS&

e SuilSe udige ddghs - (sale dolinle



PEVY oty ol daly (6308 ST i s SetaoMlgransST qatpd (s 5uSeslasl

odel 3959 (Job il ¢liae 51 390 oadds e3ls Mo.)l.é}.wl
S Sl b i gan 5 spliee 23U e g9
ol 53 osliiwl e gl awly 38 LT gl s Sense
VIVVAA L i 55 ST bt SosadltassT cays (il
welss b ladisged sl olan o o2l 51U 038 dulxe
1 oslital U s 1 g s o @l obio b oluSs (s stagilys

L 1) Sl 4l 53 G5 liwe Sutas¥lsinsST Copé 0l
dole Sipgulydgl oBiuos bauwgd z90 Slon oloy dml=e b

23S

5 by opy euiline @Y 355 Lelpsl ilyas g Sas
orizen 9 Sele (olsd oBinlyl lsius (s Sen
09,5) 13l g el (g (slagsyglid wliniad Sye (ulgiune
SUT iz sliT oizsls s gly (siasgn (sloojlu g dlgo (g
9 dbofipdes Ldogiy puiige ) pue I puizes g
paled pdel I glosss (o8 5 St e (5l

53 dlie ol b oS digd e Mgt S skuash (BWS! 4yl
e (6913 Jl 53 b ol 01 il (6,505 Ale

5ls e ol 1 (Sl @8l oty 93 o :@blie yylas
Glel Simghy (sl ssiunsi) sreme daze 1olsiusd pou
Glol Siamgis (p9d odiung) GSHLid (grke> 3y (%d4)
(%)

wanol ot Gl 8 kg auwgd (6390 15l @ilie

&lis
1- Murnaghan FD. Finite deformations of an elastic solid.
American Journal of Mathematics. 1937;59(2):235-260.
2- Treuting RG, Read Jr WT. A mechanical determination
of biaxial residual stress in sheet materials. Journal of
Applied Physics. 1951;22(2):130-134.
3- Hughes DS, Kelly JL. Second-order elastic deformation
of solids. Physical Review. 1953;92(5):1145-1149.
4- Clotfelter WN, Risch E. Ultrasonic measurement of
stress in railroad wheels and in long lengths of welded
rail. NASA Technical Memorandum Report. Washington:
NASA; 1974 Jul. Report No: NASA TNI X -64863.
5- Egle DM, Bray DE. Measurement of acoustoelastic and
third-order elastic constants for rail steel. The Journal of
the Acoustical Society of America. 1976;60(3):741-744.
6- Tanala E, Bourse G, Fremiot M, De Belleval JF.
Determination of near surface residual stresses on
welded joints using ultrasonic methods. NDT & E
International. 1995;28(2):83-88.
7- Santos AA, Bray DE, Caetano SF, Andrino MH, Trevisan
RE. Evaluation of the rolling direction effect in the
acoustoelastic properties for API 5L X70 steel used in
pipelines. ASME Pressure Vessels and Piping Conference,
Recent Advances in Nondestructive Evaluation
Techniques for Material Science and Industries. New
York: ASME; 2004. pp. 85-90.
8- Abdul Aziz S, Lucas M. The effect of ultrasonic
excitation in metal forming tests. Applied Mechanics and
Materials. 2010;24-25:311-316.
9- Ya M, Marquette P, Belahcene F, Lu J. Residual stresses
in laser welded aluminium plate by use of ultrasonic and
optical methods. Materials Science and Engineering: A.
2004;382(1-2):257-264.
10- Zhang ], Drinkwater BW, Wilcox PD, Hunter A]J.
Defect detection using ultrasonic arrays: The multi-mode

Modares Mechanical Engineering

—— Linear AVG
- —-AVG

—&— 1st Test
—&— 2nd Test
—#— 3rd Test

300

n

o

o
o

(E(t-tO))t0 (MPa)
n
S
5]

50

0 50 100 150 200
Stress (MPa)
SeieolgosS T oy e ylagad (0 slaged

WY dsleo 5o bosls :Sile i 1 oadiisly ks dslso
el osdd la
y = 2.3798x — 8.97 (*v)

&l g9y e -0
raseilan gl daly ¥ Joaz 53 eadaill gboosls a4y azgi
393 YIVVAA L il Sea¥lgiwsST oo pd Jolds & (205 s
35 oslitl ylgise eadsl yolie wlasie b LT gl I,
b oS sede wadlsy askil € B Y lalagad 5l ppuizen
I Seiguhdyl zge Slox ol cpuz 53 LIS Glise Ll
G a2gi b g ol andly (l8) 0xipS gy B et g
x9SO b 5 3b 03,51 0 513503 13 &5 (3aiT ol S
a8l b aS oads o of 53 g b oaygl ) Hlagad yo ik oS
gz g dahd ) o Ll cqz & (29 ey (S b (B
Abe Rl pue 5 1Bl KosSG whilser of 53 @ld (b))
@ lyie o s eSe dhly ey b olej ez GHb
ol Ua'i}'s)e. 0l (@9e e LS L aS Sawy xS ol
gloel wsel ol 3 & e o2l 4 429 bl ]y saly>
Ogrlidhy ez 9wl il )b Jleel ez 5> Sdgulyids
OR8]y e oAl 43S ol gy jLal ez whlser g
5 S @l b edndy wyge o5 Guip 0 230 Slan ol
o2l 51 sl cansy SuaYlgiugST caps g yls il g

393 3l slaiel & by

ez g (s pSamyn -5
s agli b Gob zse Slay gley g dly dlie ol 5o
o (5318 LT SO (sly opgmeSE S 51 Gl i g il
A adde (g ylegilgS L’)B"JT bgi CJT oy Sl yolie
Sob zoe Sil ly yshie oul 4 edS IS byl yge
3lg )5 dekd 9,3 4 g i Ler 9o 4 vcgy 1 adly o]
Sl cod sloaylgSS Sugulyisl slocgy sl 9
L_glmo.)b ) b 34 oslel 9 U")b ‘J.Z..J us;ls uu‘...ul).' ‘Uol}
Z9 Slax ol 45 Sy 4 ol W Glyie ussil jl Jels
390 ST 9y Glasl (i3 Gl wlilges 5 e o2 &5 Ler

Volume 19, Issue 10, October 2019



liS (522 Mg 5 (sles Jaze YYYA

coating with critically refracted longitudinal wave based
on cross correlation function. Applied Acoustics.
2016;101:98-103.

15- Wang W, Xu C, Zhang Y, Zhou Y, Meng S, Deng Y. An
improved ultrasonic method for plane stress
measurement using critically refracted longitudinal
waves. NDT & E International. 2018;99:117-122.

16- Zhan Y, Li Y, Zhang E, Ge Y, Liu C. Laser ultrasonic
technology for residual stress measurement of 7075
aluminum alloy friction stir welding. Applied Acoustics.
2019;145:52-59.

17- ASTM International. ASTM E8 / E8M - 09, Standard
Test Methods for Tension Testing of Metallic Materials
[Internet]. West Conshohocken: ASTM International;
2009 [Unknown cited]. Available from:
https://www.astm.org/DATABASE.CART/HISTORICAL/
E8E8M-09.htm.

WAA jp0 o) ojladt 14 o598

total focusing method. NDT & E International.
2010;43(2):123-133.

11- Schajer GS. Relaxation methods for measuring
residual stresses: Techniques and opportunities.
Experimental Mechanics. 2010;50(8):1117-1127.

12- Javadi Y, Salimi Pirzaman H, Hadizadeh Raeisi M,
Ahmadi Najafabadi M. Ultrasonic inspection of a welded
stainless steel pipe to evaluate residual stresses through
thickness. Materials & Design. 2013;49:591-601.

13- Javadi Y, Plevris V. Evaluation of welding residual
stress in stainless steel pipes by using the LCR
ultrasonic waves. 3rd South-East European Conference
on Computational Mechanicsan ECCOMAS and IACM
Special Interest Conference, Kos Island, Greece, 12-14
June 2013. Unknown city: Unknown Publisher; 2013. pp.
1-11.

14- Liu B, Dong S. Stress evaluation of laser cladding

e SuilSe usige hbghs - (sale dolinle



	898
	898-txt



