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PHASED ARRAY ULTRASONIC TESTING - PRACTICAL
EXPERIENCE

ULTRAZVUCNO ISPITIVANIJE SA FAZNIM RASPOREDOM —
PRAKTICNO ISKUSTVO

U. ZUPANC,
INSTITUT ZA VARILSTVO, D.O.O., LIUBLJANA, SLOVENIJA

Phased Array (PA) ultrasonic testing is an advanced method of ultrasonic non-destructive
testing (NDT) with growing industrial applications. A PA probe consists of many small
ultrasonic elements, each of which can be pulsed individually by advanced electronics.
Electronic focusing permits optimizing the beam shape and size at the expected defect

location to optimize defect detection. The data from multiple beams are put together to make
a visual image showing various projections through the inspected object. The conference

paper presents experience of PA inspection of wings on a commercial airline airplane flying

regularly over sea. The advanced ultrasonic inspection was performed to evaluate potential
corrosion damage in complex wing structures made of a high-strength aluminium alloy.
Critical areas at multiple bolting locations and reinforced spars were inspected. The PA

inspection in duration of just few hours made it possible to highly reduce cost of alternative
visual inspection with prior wing dismantling in time of a few hundred hours. Corrosion

damage was found and was properly repaired. In the further presentation the results of PA
inspection of a part of steam pipeline in thermal power plant will be shown. The water

injection system in steam control unit was evaluated using a PA system where cracks due to

thermal shocks were found.

Kljuéne reci: phased array; ultrasonic testing, Olympus, Omniscan MX

Ultrazvucno ispitivanje sa faznim rasporedom (PA) predstavlja naprednu metodu
ultrazvucnog ispitivanja bez razaranja (IBR) sa sve Sirom primenom u industriji. Sonda za
PA sastoji se od mnogo malih ultrazvucnih elemenata, od kojih svaki moze da pulsira
pojedinacno pomocu napredne elektronike. Elektronsko usmeravanja omogucava
optimizaciju oblika i velicine snopa na lokaciji gde se ocekuje defekt, kako bi se optimiziralo
otkrivanje defekta. Podaci iz vise snopova se spajaju, kako bi se stvorila vizuelna slika koja
prikazuje razne projekcije kroz ispitivani objekat. U ovom radu je prikazano iskustvo
inspekcije faznog rasporeda PA na krilima komercijalnog vazduhoplova koje redovno leti
iznad mora. Napredna ultrazvucna inspekcija obavljena je kako bi se procenila potencijalna
Steta od korozije u slozenoj strukturi krila koje je napravijeno od aluminijumske legure visoke
¢vrstoce. Inspekcija je izvrsna na kriticnim mestima na lokacijama sa vise zavrtanja i
ojacanih ramenjaca. Inspekcija PA koja je trajala nekoliko sati omogucila je da se u velikoj
meri smanje troskovi alternativne vizuelne inspekcije uz prethodno rasklapanje koje traje
nekoliko stotina sati. Ostecenje nastalo od korozije je pronadeno i pravilno sanirano. U
daljem tekstu prikazani su rezultati inspekcije PA na delu cevovoda za paru u termoelektrani.
Sistem za ubrizgavanje vode u uredaju za regulaciju pare pregledan je koris¢enjem sistema
PA kada su pronadene pukotine nastale usled toplotnih udara.

Key words: fazni raspored; ultrazvucno ispitivanje; Olymus;, Omniscan MX
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1. INTRODUCTION

Phased Array (PA) ultrasonic testing is an advanced method of ultrasonic non-destructive
testing (UT-NDT) with growing industrial applications. Ultrasonic phased array systems can
potentially be employed in almost any test where conventional ultrasonic flaw detectors have
traditionally been used. Weld, casting and forging inspection, crack detection and corrosion
evaluation are the most important applications in a wide range of industries including
aerospace, power generation, petrochemical, metal billet and tubular goods suppliers, pipeline
construction, maintenance, structural metals, and general manufacturing.

The benefits of phased array technology over conventional UT come from its ability to use
multiple elements to steer, focus and scan beams with a single transducer assembly. Beam
steering, commonly referred to sectorial or linear scanning, can be used for mapping
components at chosen angles. This can greatly simplify the inspection of components with a
complex geometry. The PA probe consists of many small ultrasonic elements, each of which
can be pulsed individually by advanced electronics. Electronic focusing permits optimizing
the beam shape and size at the expected defect location to increase probability of defect
detection in volumetric inspection. The small dimensions of the transducer and sweeping of
the beam without moving the probe also aid the inspection in situations where there is limited
access for mechanical scanning. The data from multiple beams are put together to make a
visual image showing various projections through the inspected object. Focusing can
significantly a improve signal-to-noise ratio [1].

In the present work, PA NDT inspection was performed on commercial airline aeroplane
wings to evaluate possible corrosion damage and also on a part of steam pipeline in thermal
power plant to evaluate if any damage due to thermal shocks had occurred.

2. INSPECTION DETAILS

2.1 PA corrosion inspection on aeroplane wings

The PA inspection of wings on commercial airline aeroplane was performed to evaluate
potential corrosion damage in complex wing structures made of a high-strength aluminium
alloy. Critical areas at multiple bolting locations and reinforced spars were inspected. For
inspection the Olympus Omniscan MX16-128 machine was used with specialized 5 MHz 64
elements probe with the wheel encoder. The PA system is presented on Figure 1. Calibration
was performed using a reference block with three thickness steps (5, 10, and 15 mm) with
machined spotfaces representing 10 % and 20 % thickness reduction on each reference
thickness.

In the inspection corrosion was indicated by a reduction of backwall echo of more than 4 dB
with corresponding thickness reduction of more than 10%.
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Fig. 1. Inspection equipment used for airplane wings inspection (left). The calibration
reference block with machined spotfaces at different depths (right)

2.2 PA inspection in a steam pipeline

The water injection pipeline system in a steam control unit was evaluated using the PA
system where cracks due to thermal shocks can occur. PA inspection was performed with
linear and sectional scanning using standard SMHz 64 element Olympus IMS probe (5L64)
with a zero degrees wedge and with attached wheel encoder. Acceptance criteria indicated
that no crack indications were allowed.

3. RESULS AND DISCUSION
The results of the PA inspections are presented in following sections.

3.1 PA corrosion inspection on aeroplane wings

The PA scanning was performed on marked areas of 300 mm in length and 40 mm in width
and then evaluated in detail. Figure 2 presents a typical corrosion indication recorded in
Omniscan MX software. The display was divided in three reference scans. A-Scan presented
backwall echo signals and two phased array C-Scans presenting the top view of the inspected
area. The middle C-Scan in monochrome contrast was selected as amplitude reference (A%).
The bottom colour C-Scan was selected as a thickness-change reference. Green indicated a
10% thickness reduction and yellow indicated an approximately 20% thickness reduction.

A-Bild Gr.1 kn:A00.0 k090 L0112
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Fig 2: Typical corrosion indication presented in A-C-C Scan modes saved in Omniscan MX
software. Corrosion indication of approximately 40 x 100 mm was recorded around the bolts.

Fig. 3: Typical photography of corroded area after dismantling of wing ;tmcmre. The pen at
the right photo served as a reference dimension. The corroded areas are marked with arrows.

As the airplane was employed in regular over-sea flights, chloride atmosphere and material
fatigue indicated potential danger. In regular maintenance interval further corrosion
progression was eliminated and the wing structures were repaired using high compressive
strength (more than 100MPa) liquid shim epoxy based material in a composite rib-to-skin
assembly.

3.2 PA inspection in the steam pipeline

The water injection system in the steam control unit was evaluated using the PA system
where cracks due to thermal shock were found. Indications of potential thermal cracks were
evaluated first using linear scan, where quite scattering backwall echoes were noticed (Fig 4.)




Povratak na sadrzaj

vcwzc;ezsemoee«m in (A-5can) PO

C.Er () G2 5150 &0 Gete Main (A-Scan) PO
5 A3

';'1’ o=

Fig. 4: Side view B-Scan image (left) and scattering top view C-Scan (right) of inspected
pipeline indicating rough surface and possible thermal cracks.

With the additional PA inspection using a sectorial scan it was possible to confirm crack
indications and to measure the depth of individual crack indications (Fig. 5). In the pipeline
with a mean thickness ranging between 42 and 44 mm crack indications were found with
depth up to 8 mm. Due to a highly cracked pipeline inner surface, the complete steam control
unit pipeline was replaced. A section of the eliminated pipeline material is shown in Figure 6.

| € sectorial scan Grd S:270 A 20iBeam 1 R 20,00 5: 270,00 Gale bain (A-Scan) P L |
B 520 45

Fig 5. Sectorial S-Scan image of inspected pipeline material. The depth of the crack
indication was measured at a value of 1.6 mm.

T

Fig. 5: Side, thickness, view of eliminated pipeline material (left) and highly cracked inner
pipeline surface due to thermal shocks (right)
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4. CONCLUSIONS

1. Visualisation of the inspected wing structures and steam pipeline material using advanced
PA Omniscan MX system made it possible to make accurate and fast decisions by NDT
personnel.

2. Corrosive susceptibility of the high-strength aluminium wing structures due to flying in
chloride environment was confirmed and repaired in the regular maintenance interval. The PA
inspection in duration of just few hours made it possible to highly reduce maintenance cost of
alternative visual inspection with prior wing dismantling in time of a few hundred hours.

3. The water injection steam pipeline system was highly cracked with maximal crack depths
of up to 20% of material thickness. The elimination and set-up of a new pipeline system
proved to be the best decision considering technical, economic, and safety issues.
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