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An Algorithm for 3D Defect Positioning in the Case of Coplanar Transducers in
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The 2D position of a defect as well as its through-thickness length can be measured by ultrasonic time-
Received 14 January 2018 of-flight diffraction technique (TOFD). By considering the methods used for detecting and positioning a
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‘ : ’ target in radar, acoustic and sonar systems, an algorithm was developed for 3D positioning of defects in
Available Online 13 April 2018

TOFD measurements. In this algorithm, the unknown parameter to be determined is the time difference
of arrival (TDOA). While the developed algorithm is sufficiently fast, it suffers from various errors

Keywords:

Wave Source positioning affecting the TDOA. The sensitivity of TDOA to errors is more noticeable when the distance between
Ultrasonic Time of Flight diffraction (TOFD) the receivers and the midplane (a plane with a minimum distance from the receivers) is small. This
Defect positioning and sizing problem cannot be easily resolved when the receivers are coplanar. In this paper, using a closed form

solution, a new algorithm 1s proposed for solving this problem. In this algorithm, by considering
hypothetical locations for receivers, both the target (defect) and the positions of receivers are
simultaneously verified. These hypothetical positions are obtained in such a way that their distances
from the midplane is within acceptable limits. To validate the algorithm, it is used for determining the
position of an artificial defect in a carbon steel block. The results prove that the algorithm is accurate
and can be used in case of 3D TOFD measurements in which the receivers are usually coplanar.
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Fig. 10 Positioning algorithm for coplanar receivers
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Table 1 TDOA for each pair of receivers (microsecond)
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Lh Ih Ihm Thw TIs Ts T Ty Ty Tw Tn T Ty

T; 032

T3 0.190.13

Ty 0.260.060.07

T'50.260.060.07 0.00

Ts - - 009016 0.16

75 1.041.361.23 1.30 1.30 1.14

Ty 2.322.642.51 2.58 2.58 2.42 1.28

T 2.733.052.92 299 2.99 2.83 1.69 0.41
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Ti; 4.78 5.104.97 5.04 5.04 4.88 3.74 2.46 2.05 1.62 1.28

T - - 3.493.56 3.56 3.40 2.26 0.98 0.57 0.14 0.20 1.48
Tw - - 3.093.163.163.00 1.86 0.58 0.17 0.26 0.60 1.88 0.40

Table 2 Estimated target position for 57 and SX methods [mm]
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Fig. 13 Ultrasonic signal for a receiver
2 3515 s (el (el S 13 S

! Muminate
? Region of interest (Rol)
* Insonified

160



2910 Kits 33 9 51 Jgpsans e G g0l el 2 Ehows @ 0.3 11 SBIISTLS Caundy I3 L G539 s L OWs pis 9Tl
b oui S (sl 38715 35 0 (6l ookal sy alold ailne ol 40 203 0

18 &”\ alold Lyl o Ag; g0 ol adls o ool e Le 0.22 . S5ls aio

A " oS ad anlgr Lo asel o aibad awlis (Sl amie LSS

“F bl olys il dilons £33 53 eSilen dmio 1 alolh aigs

Deviation from average (mm)
o

6 “H
[
af \x‘
[ Hoee,
0- ““n.
DR i

0 20 40 60

Itteration Number

Fig. 15 Iteration for deviation from average plane
Sl dmios 3l 0y (18,3515 alold drmilona sl 1S5 iyl 15 JSCd

..\qu Cawddy GR350

H Kb sl b gy 1 Lo S5 o oligfe piass S s s
At dls plal 5| g eSilis o 3 alold L sl s o JiST 5
Sl Aol fog o8 oeylas JS Aol pl 59, p be &8ly 0 0l vales
ol o Socl jads jlade ol 2STas Lol e glhae (1 Sikee axio
o Slp el i 8o wnl 25 )p kel 4z e oS o e kS
Joled 5l goaaie sloeuS 5 gl ST g, b adly a4 ko ol s
ol oals ULJ"" "16 JS_'H" 20 ey A A 1);:-| Lﬁ)L'\fI).‘.‘ ‘_glﬂ ﬁ_;\-t
2 eils amis jloni (13815 alols Sl eacas olis IS5 cpl ol
oSl asmio 1 e Lo 2.3 alals o az g el b IS 2o
Sl alald aoldl aslsl o ""'16‘ Sty b5 o ez me L 090,
o5 ke aut by O jpo e B ogd e e (ks amie
b gt Dl glaigy aob o355 1o ooy S0 & )leay il (al3)
s ) s o 5 a8 bl o ghes 2.3 oSl amive 31 logyT alesld
I b3 plie wiz e ad valys Jbole sl Al 4 v
o i o5 e (il ah ) alol

b d

Error (mm)

3

bbA_ A BDE-D-LAD-BB-B- BB
0

W PP PR PP P RPN PRTEY P |
T 2 3 4 5 6 71 8
Deviation from average plane (mm)

A
‘A\G-.
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Fig. 14 Accuracy of measurements as a function of number of receiving
transducers
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