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P94

Non-destructive Research of the Friction Surface of the Brake 
Discs in the Aspect of Evaluation of the Braking Process

W. Sawczuk1, J. Kowalczyk1, D. Ulbrich1, S. Kolodziejski2
1 Poznan University of Technology, Poznan, Poland; 2 AKSA Poland 
Hydraulika, Poznan, Poland

Because of numerous advantages in comparison to a traditional air 
block brake, disc brakes, are more and more often utilized in passen-
ger carriages and other railway vehicles. Stable and constant – in the 
whole speed range s coefficient of friction Ş, with the value� Ş ��,�� 
is a basic advantage of disc brake systems. 'xploitation of disc brake 
systems showed that faster wear of friction surface occurs with braking 
at a very high speed or braking in short time periods. Micro heat cracks 
appear on the disc surface and enlarge radially at consecutive brakings. 
Stationary tests of brake discs and own liquid penetration tests proved 
that heat cracks appear yet on new discs after performing a few hun-
dred brakings. First heat cracks around inside diameter were noticed 
only during liquid penetration tests. 0ext brakings on testing station 
revealed first cracks less than �mm long. The cracks can be noticed wit-
hout any magnifying equipment. *owever, the occurrence of first heat 
cracks does not exclude further use. 1nly development to dangerous 
si\es on the whole brake disc breath requires exchange of the disc or 
its rebuilding through re-turn of the friction surface. With increasing 
length of micro cracks increases their depth, which also weakens the 
material of the brake disc. In further operation may also affect the gap 
of the brake disc. Length evaluation of micro cracks is easy and sim-
ple through methods that allow non-destructive optical or penetration 
testing. However, in the case of the depth of the micro cracks, the situa-
tion is more complex. The wear of the friction surface of the brake disc 
affects the instantaneous and the average coefficient of friction during 
braking of the vehicle. 
The purpose of this article is to present the research results of the fric-
tion surface of the brake disc in the aspect of assessment of the length 
and depth of the micro cracks methods non-destructive. The second 
purpose of this article is to present the effects of wear of the friction sur-
face of the brake disc in the braking process, in particular, to the change 
of the instantaneous and average coefficient of friction.

P95

Vacuum Tests of a very large Component: The Final Test Cryostat 
System for the ITER Central Solenoid Modules 

H. Scheller1, R. Kuhn1, K. Schaubel2, B. Schrauth1, J. Smith2, E. Theisen1, 
W. Walter1

1 Babcock Noell, Würzburg, Germany; 2 General Atomics, USA

The ITER Central Solenoid system is composed of 6 individual Central 
Solenoid Modules (CSMs) that are assembled together at the ITER site 
to form a 12.8 m high superconducting magnet. General Atomics (GA) 
is currently under contract to fabricate and test the ITER Central Sole-
noid /odules (%5/s�. The contract is managed by the 75 IT'4 at 1ak 
Ridge National Laboratory, under the sponsorship of the Department 
of 'nergy 1ffice of 5cience. The (inal Test %ryostat 5ystem ((T%5� is 
used in conjunction with other subsystems to perform final testing of 
the CSMs before shipping. In particular, tinal testing includes testing 
under vacuum conditions including leak testing at ambient and cryo-
genic temperatures and electrical tests under vacuum and cryogenic 
conditions. In order to satisfy the different boundary conditions and 
requirements of the test program, the FTCS components need to con-
form not only to the usual requirements but must also be suitable also 
for an environment in which high magnetic fields occur. The major 

steps in design and fabrication of the FTCS are described and results of 
the test during commissioning are provided. 

P96

Automated Monitoring System for Big Diameter Ropes

D. Slesarev1, I. Shpakov1

1 INTRON PLUS, Moscow, Russia

Big diameter ropes are being used in many critical applications such as 
off-shore vessels and drilling  platforms or deep mines. Such ropes have 
high value and are regarded by owners as assets, which means high re-
quirements on utili\ation efficiency and prearranged rope replacement 
operations. This provides an importance of the task of continuous state 
monitoring for such ropes,which are in fact used in heavy duty, that 
means very special and rigid requirements for the state monitoring sys-
tem. Rope monitoring should be carried out during the whole opera-
tion cycle, monitoring results should be automatically analyses and on 
this basis highly reliable rope condition estimation should be derived. 
At the same time the system should provide for a possibility to engage 
external experts for detailed data analysis, for example in critical situ-
ation. Meeting this requirements rope monitoring system will be de-
scribed in the report.

P97

Scanning Magnetization Devices

V. Troitskiy1

1 The E.O. Paton Electric Welding Institute, Kiev, Ukraine

Magnetic particle testing is the most widely used method for the detec-
tion of surface and subsurface discontinuities and fatigue areas of me-
tal surface. The investigations have shown that the efficiency of /T can 
be increased by changing the direction of the tangential component of 
the magnetic flux during the search. To implement this technology the 
Paton Electric Welding Institute (PEWI) has developed a moveable scan-
ning magnetization devices. A series of the devices (8 types) that con-
siders the specific geometry of the test object was developed for local 
multidirectional magnetization of ferromagnetic products. The appli-
cation of the devices offers the following� multidirectional movement 
of the searching magnetic field on the object surface, the possibility to 
change the tangential component magnetic field value in area of in-
terest and evaluation modes, reciprocation movement to increase dis-
continuity detectability, easy movement of the magnetization devices. 
They permit an increase in the speed and efficiency of /T. This paper 
describes some of these devices as they are applied in the industry.

P98

Eddy Current Multi-Channel Module for In-line High-speed 
Inspection of Railroad Rails

A. Opanasenko1, A. Iurchenko1, G. Lutsenko 1, V. Uchanin1

1 PROMPRYLAD, Kiev, Ukraine

Eddy current (EC) module was developed for in-line inspection of 
railroad rails after rolling process in accordance with normative docu-
ments )15T 4 ���������� and '0 ������������. 
Developed EC module makes it possible the 56 channel automatic de-
tection of the surface defects in the head (including the lateral faces) 
and the foot zones of the rails with high enough speed up to 2 m/sec. 
Special multidifferential type EC probe with 13 mm operational dia-
meter was developed to fulfil the strict requirements of high sensitivity 
to cracks with high clearance between operational surface of the pro-

Surface Methods



19th WCNDT 2016 | Munich | Germany 237

Posters

236

* Posters with Short Presentation, presented in sessions Mo.3.A-I

be and inspected surface of the rail needed for durable inspection in 
high speed automated mode. The EC system provides detection of the 
longitudinal and transverse like crack defects with depth 1.0 mm and 
defect length 20 mm or defects with depth 1.5 mm and defect length 
10 mm. For developed probes the optimal inspection conditions were 
obtained for operational frequency 100 kHz. EC system involves the 
EC multi-channel unit „OKO-25VT“, specialized scanners for head and 
foot inspection, 56 EC probes and system for approaching motion and 
return of the scanners. Developed module can be installed in produc-
tion line as a part of combined inspection system based on EC, ultra-
sonic immersion and EMAT methods to provide the detection of defects 
in whole volume of the rails. 

P99

PROMPRYLAD Family of Eddy Current Flaw Detectors – 
From Simple to more Complicated 

V. Uchanin1, G. Lutsenko1, A. Opanasenko1, A. Dzhaganian1

1 PROMPRYLAD, Kiev, Ukraine

The family of portable eddy current ('%� flaw detectors developed in 
7krainian enterprise 241/24;.A& can satisfy different demands of 
NDT customers. These instruments were developed for application in 
hand held mode in field (for example airport� conditions. 5o the main 
features of these instruments are really small size, weight and possibility 
to be operated by one hand with EC probe operation by another hand. 
The 241/24;.A& family of '% flaw detectors includes the following 
instruments� '&&;%10 B� '&&;%10 % and '&&;%10 &. The '% flaw 
detectors of this family are widely used in different countries. For this 
purpose different languages (from English or Russian to Chinese or 
Indian) can be called out easily.   
5ome significant applications (such as the detection of subsurface de-
fects in aluminium alloy welding, the detection defects on hole side 
wall, the detection of defects in multilayer aircraft components, the de-
tection of defect in fillet \ones of titanium disks etc.� can demonstrate 
possibility of these instruments to solve most complicated inspection 
problems in different industries. Special two-frequency or differential 
filtering algorithms can serve for additional suppression of different 
types of noise. The latest '&&;%10 & flaw detector is equipped with 
up to 32 channels and has high enough (22 kHz) sampling rate for pro-
ductive automated inspection systems creation. For measurements of 
conductivity and thickness of nonconductive coating the instruments 
are implemented with special effective algorithms based on absolute 
type EC probe signal phase analyzing. The unique and newest appli-
cation of these instruments is the possibility to measure stress state in 
ferrous steel components by specially developed magnetic anisotropy 
EC probes. 

P100* – Mo.3.G

Nondestructive Testing Systems with Magnetic Flux Leakage 
(MFL)

S. Youssef1, K. Szielasko1, J. Kurz2, R. Tschuncky1

1 Fraunhofer IZFP, Saarbrücken, Germany; 2 DB Systemtechnik, 
Brandenburg-Kirchmöser, Germany

Ferromagnetic components used in mechanical, automotive and ci-
vil engineering are mostly subject to high mechanical loads. Cracks, 
which may form during manufacture or in use, may lead to a complete 
failure of the component in the worst case. Flaw detection directly after 
the production or a regular inspection of the components (especially 
in civil engineering) is necessary. In industrial production of ferromag-
netic components predominantly magnetic particle testing is used. 

This testing method is indeed nondestructive, but its implementation is 
associated with high personnel expenses. Automation of the process is 
complicated by the fact that the magnetic powder accumulates in any 
existing indents. This degrades the contrast and makes an automatic 
detection of the flaw indication more difficult.
The automotive industry needs alternative testing methods for process-
oriented crack detection. However, in civil engineering there is a lack of 
nondestructive testing methods for fracture detection and localization. 
Even if the critical areas are known, the construction currently has to be 
damaged to expose the elements which have to be tested.
The probe�assisted magnetic flux leakage (/(.� testing method is used 
for the detection of cracks and fractures in ferromagnetic materials. The 
magnetic flux leakage testing uses the same physical principle as mag�
netic particle testing; in magnetized components an increased mag-
netic field strength (flux leakage� occurs at the crack mouth.
/anual or manipulator�operated highly sensitive magnetic field sen-
sors with or without contact to the test surface are suitable to detect 
the magnetic flux leakage. 5ensor rows or matrices thereby enable rap�
id testing of complex components (e.g. gearing�. The process can be 
fully automated and integrated into the production process. This facts 
and further benefits like high detection sensitivity offer various possibi-
lities for implementation in testing systems. 
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P101* – Mo.3.H

Handheld Terahertz Inspection and Thickness Measurements

S. Becker1, A. Keil1, H. Nolting1

1 Becker Photonik, Porta Westfalica, Germany

Terahertz radiation is electromagnetic radiation in the frequency range 
0.1 – 10 THz in between the microwave and infrared region. Many 
dielectric materials are transparent to terahertz radiation. Plastics, FRP, 
ceramics, paper and textiles can be inspected ��dimensional using 
terahertz imaging. In recent years all-electronic terahertz sources have 
been made available and these units are compact and easy to use and 
therefore ideal for non-destructive testing purposes. We are presenting 
results achieved using sources running at 100 GHz respectively 300 
)*\ in a handheld unit (5yn8iew/obil�. The system operates in reflec-
tion as a frequency modulated continuous wave (FMCW) radar.
A wide range of plastic joints can be investigated by using the above 
mentioned handheld terahertz unit. We are reporting results generated 
on plastic casing pipes for long-distance heating. These pipes consist of 
a stainless steel core pipe, polyurethane (27� foam and a polyethylene 
(PE) casing. The quality of the PE joints is essential to avoid ground 
humidity diffusing into the foam and destroying the insulation. The 
results clearly show that terahertz inspection is a powerful tool to prove 
the joint quality. The newly developed mobile unit can also be used 
to measure the thickness of plastic parts, e.g. polyethylene parts. Pipe 
extrusion is one important application of this technique. (or polyethy-
lene the working range is from 4 mm thickness (using 0.3 THz) up to 
100 mm (using 0.1 THz). The system determines the optical distance 
between the entry echo and the backwall echo. 7sing the refractive 
index the geometrical thickness can easily be calculated. The expected 
accuracy is in the range of 0.1 mm.

P102* – Mo.3.H

/ulti�sourEe inspeEtion oH fiber�reinHorEed materials

T. Chady1, K. Goracy1

1 West Pomeranian University, Szczecin, Poland

The growing importance of plastic and composite materials establishes 
new requirements for the quality and safety control units. Currently 
utilized methods in most cases are dedicated to metals and their us-
ability in inspection of composite materials is limited. The objective of 
this paper is to propose advanced tool for the inspection of modern 
composite materials using selected NDT methods including terahertz 
imaging, thermography and digital radiography. This enables detailed 
analysis of the internal structure of a wide range of components. The 
set of samples made of different composites (basalt, yucca, glass fiber 
reinforced� and plastics (2//A� with artificial defects was designed 
and manufactured. The selected results of measurements, conducted 
for the test samples, are presented. Special attention was paid to the 
terahertz method, which seems to be the most promising. 

P103

Nondestructive Testing to Accurately Measure Multilayer Coating 
Thickness using Time Domain Terahertz Technology

D. Zimdars1, J. White1, J. Calzada2, B. Foos3

1 Luna Innovations, Ann Arbor, USA; 2 USAF, Dayton, USA; 3 First  
Principles, Woodbridge, USA

Many coatings applications have tight thickness tolerance to achieve 
proper performance. Often these coatings are thick (>20 mils) and con-
sist of multiple layers of different material forms. Traditional magnetic 
and eddy current thickness sensors do not measure the multiple layers 

independently and their measurements are unstable on surfaces that 
are curved or substrates materials that change. 7ltrasonic thickness 
sensors usually require a coupling fluid. 0either type of sensors is suita-
ble for measuring wet coatings. Time domain terahert\ (T&�T*\� reflec-
tion tomography has been demonstrated to be a superior method for 
measuring wet coatings and multi-layer stacks with insensitivity to cur-
vature and substrate material. To be made suitable for industrial use, 
the TD-THz sensor has been designed to mount on a spray robot, and 
the system has been certified %lass I &ivision � for use in paint booth 
flammable atmospheres. The T&�T*\ sensor technology has also been 
incorporated into a handheld probe suitable for measuring multi-layer 
coating stacks, augmenting the robotically mounted sensor. 
T&�T*\ reflection tomography is an electromagnetic analog to ultra-
sound tomography (7T�.  T&�T*\ reflection tomography can determine 
the thickness of each individual layer in a coating stack simultaneously 
by analyzing a single recorded waveform (terahertz A-scan). However 
unlike 7T (or single layer eddy current thickness measurement�, the 
terahertz measurement method is non-contact. This allows a terahertz 
sensor to be mounted on a coating spray robot and measure the thick-
ness of the wet coating coincident with the spray plume.
Gage repeatability and reproducibility studies demonstrate that the 
TD-THz multi-layer thickness measurement sensor is able to determine 
the thickness of cured coatings with a total gage of 0.00007 in. (0.07 
mils or 1.8 mm) for a coating range of 39 to 74 mils with a standard 
deviation of the bias of <0.5 mils. 
The measurement system consists of the T-Ray 5000 series control unit 
which is connected to a miniature T&�T*\ reflection sensor via a flexible 
umbilical mounted onto a robot arm or a hand�held probe. The fiber 
optic coupled TD-THz technology employed is well suited to multiple 
coating application as the sensors are small and light-weight.

P104* – Mo.3.H

Terahertz Technology Approaches the Markets: 
Survey about the Current Developments

S. Kremling1, T. Hochrein1

1 SKZ – German Plastics Center, Würzburg, Germany

Nowadays, the term „terahertz“ indicates the electromagnetic spectral 
range between infrared light and microwaves and replaces the former 
synonyms “far-infrared” and “sub-millimeter waves”. Nevertheless, the 
term “terahertz” introduces also into a new era in system technology 
for generating and detecting of terahertz radiation and therefore for its 
usage and novel applications.   
Many dielectric materials like plastics, ceramics or paper are transparent 
for terahertz radiation allowing a non-destructive (NDT) and contact-
free testing – without ionizing effect. A lot of potential applications are 
already presented and discussed by the scientific and engineering com-
munity, for instance the usage in NDT, analytics or process monitoring, 
respectivley.In this article, we present the results of a survey among 
worldwide terahertz suppliers with special focus on the European re-
gion and the use of terahert\ systems in the field of measurement and 
analytical applications. This reveals the current state of the commer-
cial and geographical availability of terahertz systems as well as their 
costs and corresponding prevailing cost structure, target markets, and 
technical performance. In addition to the well-known technical oppor-
tunities, a historical examination of web usage as well as the number 
of publications and patent applications with their annual growth rates 
confirms ongoing interest in this technique. A shift from the scientific 
to more application-oriented research is observed.
The predication regarding prospective market development, decrea-
sing system costs and higher availability shows a convenient situation 
for potential users and interested customers. Reasons are primarily the 
increased competition and larger quantities in the future.

Terahertz/Microwaves
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P106* – Mo.3.A

Interpretation of Ultrasonic Based Stave Thickness Measurement 
Technique for Blast Furnaces

S. Balamurugan1, S.S. Rajendran1, S.S. Indimath1, M. Dutta1, M. Patra1, 
U. Singh1

1 Tata Steel, Jamshedpur, India

Blast Furnace is the heart of a steel industry where smelting of iron from 
its ore takes place. Campaign life of the furnaces is enhanced by effec-
tive cooling of the furnace shell. Copper stave cooling system is a new 
advent which is widely used for its uniform cooling over large area. 
Effective cooling is on one hand, but they are exposed to hot metal and 
hot gases on the other hand. So the hot face of the stave is in constant 
wear atmosphere, which may cause a catastrophic failure at the severe 
wear condition.  Also the recent catastrophic failures of the stave sys-
tem across the world triggered the compelling need of a reliable NDT 
technique to monitor the remnant thickness of the staves frequently.
Ultrasonic based stave thickness measurement technique has been 
developed, which comprises a probe fixture for the accessibility sta-
ves and guiding mechanism for the proper placement of ultrasonic 
probe on the stave surface. Reliability of the measurement technique is 
ensured by using a set of guide blocks which are designed and made 
as per the stave design. 
Knowledge of stave design is the prerequisite for the interpretation of 
the measurement signal. In this paper, the interpretation of the signal 
during the actual stave thickness measurement has been discussed in 
details along with the development of the technique.

P107

Elastic Moduli Measurements at Elevated Temperatures using 
Ultrasonic Waveguide Embodiments

S. Periyannan1, K. Balasubramaniam1

1 Indian Institute of Technology Madras, Chennai, India

A novel method describes a waveguide based technique with special 
modifications to the end of the waveguide to obtain reliable reflected 
ultrasonic signals from the end of the waveguide that is inside a heating 
chamber. The interpretation of the reflected signals leading to a quan-
titative individual as well as simultaneous measurement of mechanical 
properties of the waveguide material i.e. Young’s and Shear Moduli, 
Density etc. The technique uses guided ultrasonic wave modes that 

are generated using an ultrasonic transducer at one end of the wave 
guide, travel along the length of the waveguide, interacts with the end 
of the waveguides, and is reflected back to from this end. The end of 
the waveguides has unique embodiments (the embodiment; bend or 
notch for ductile material and provides the notch is much easier in brit-
tle material) as that permit a multiple interactions between the ultraso-
nic wave and the embodiment. The reflected signal from are detected 
and recorded using an ultrasonic transducer and associated instrumen-
tation at room temperature. These techniques can be used for measure 
the Young’s modulus (E) and Shear Modulus (G) of material. Here, the 
L (0, 1) wave mode is used for measuring E and T(0,1) mode for G.  The 
scope of measurement is made from room temperature to maximum 
utility temperature of material. The time of flight difference (δTOF), as 
a function of temperature, between the guided wave reflections from 
the embodiment and the end of the waveguide, is used to measure the 
material properties. The technique is based on the fact that, in addition 
to elongation of the waveguide, the sound speed in the materials also 
varies with temperature and is measurable from changes in the time 
of flight of signals. In addition, the ambient temperature of the wave-
guide end is measured using a calibrated thermocouple. For instance; 
Copper, Molybdenum waveguides (with embodiment of a notch) and 
Kanthal (using a bend at the end) were evaluated from 45°C to 1100°C 
at a frequency using both the L(0, 1) and T(0, 1) modes. The compari-
son between the literature values and the measured values were found 
to be in fine agreement.

P108

Development system to adjust defined stress and strain in bolts 
up to M36 with ultrasonic stress evaluation

M. Becker1

1 Fraunhofer IZFP, Saarbrücken, Germany

In mechanical systems it is crucial to adjust stress levels in bolts as they 
are dimensioned by construction to ensure safety and technical spe-
cifications. To improve common ultrasonic stress measurement tech-
niques and develop new methods, a device is needed which provides 
the adjustment of defined stress states in bolts. The presented system 
consists of a load cell mounted on a table with adapters for different 
bolt diameters as well as clamping lengths and a dome to drain the 
load of the bolting. All parts under load were simulated with finite ele-
ment calculations to predict the fraction of load carried by the system. 
The maximum of measurable force is 200 kN. That means bolting with 

P105* – Mo.3.H

Monitoring of Drying of Cement Screed with the Help of 
Ultra-wideband Microwaves and Air-coupled Antennas

M. Manavipour1, C. Sklarczyk1, K. Szielasko1

1 Fraunhofer IZFP, Saarbrücken, Germany

The drying behavior of freshly prepared anhydrite screed and cement 
screed samples was investigated nondestructively and in contact-free 
way using ultra-wideband microwave signals in the frequency range 
between about 1 GHz and 10 GHz. The measurements have been per-
formed using a vector network analyzer and air-coupled wideband 
horn antennas in reflection mode. Both entry echo and back wall echo 

at the interfaces of the samples were analyzed. The amplitudes of the 
entry signals decreased within few weeks as the real part of the re-
lative permittivity decreased with drying. Finally a plateau level was 
reached. At the beginning of the tests the back wall signal of the spec-
imen was not recognizable since the attenuation of the microwaves 
resp. the imaginary part of the permittivity in the moist sample was 
too high. After a few weeks of drying, a back wall signal was detected. 
It increased with continued desiccation and thus lowered attenuation, 
until here again a constant level was reached. At the same time, the 
temporal position of the back wall signal moved to smaller times since 
the propagation velocity of the microwaves increased until a constant 
value was reached as well.

Terahertz/Microwaves

Ultrasonic Applications
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90 percent of yield strength can be realized up to M18 and strength ca-
tegory 12.9. The user is able to assemble different ultrasonic electronics 
in the computer system and combine different methods of load detec-
tion. With attention to laboratory use the software and user interface 
are realized in LabVIEW with a highly modular structure. The main aim 
for data acquisition is the correlation of ultrasonic data with load values 
in static and dynamic tests. This enables to investigate dependencies 
of both material selection and strength category on ultrasonic signals. 
Additionally it makes a verification of the accuracy of material based 
constants for ultrasonic load evaluation in bolts possible. In daily use 
there are further applications imaginable, for example as tool for calib-
ration of ultrasonic equipment, for comparison of different devices or 
for tests of new bolting materials.

P109

Local Evaluation of Stress States in Complex Geometries using 
Ultrasonic Runtime Measurement

M. Becker1

1 Fraunhofer IZFP, Saarbrücken, Germany

It is commonly known that stresses in materials are measurable with ul-
trasound by evaluating the acoustoelastic effect. This theory describes 
the linear dependency of the ultrasonic velocity on macroscopic stres-
ses in materials. In this way there exist systems for online monitoring 
of bolt tightening or evaluation of stress states in railroad wheels. The 
only information gathered within the process is the ultrasonic runtime. 
So the acoustoelastic materials constant is necessary to conclude the 
value of stresses out of variations in ultrasonic runtime. In this case the 
calculated stress represents only an integral value of the investigated 
volume fraction. This method is sufficient as long as the current stress 
or strain states are homogenous along the path of the ultrasonic wave 
or no local information is needed. 
Nevertheless the ultrasonic runtime measurement for certain compo-
nents or constructions is only possible along a gradient in stress or 
strain. In this case the correlation between the variation in runtime and 
the applied force or strain is no longer linear. Therefore a stress distri-
bution function is essential beside the acoustoelastic constant to calcu-
late local stress values. This principle is shown for a 7�bolt because the 
stress distribution can analytically be determined but is non-constant 
and can, thus, be used as verification of numerical calculation of stress 
distribution by finite element method. The results allow to conclude on 
local stresses along the ultrasonic path and identify potential regions 
for plastic deformation. With increasing computational power it would 
be an aim to integrate digital design data of components in a testing 
device to measure local stress states aided by real�time finite element 
calculations.

P110

Ultrasonic Testing of Dissimilar Metal Joints Present in Divertor 
Plasma Facing Components

K.S. Bhope1, M. Mehta1, S. Khirwadkar1

1 Institute for Plasma Research, Gandhinagar, India

&ivertor is high�heat�flux plasma�facing component (2(%� of IT'4 like 
magnetic fusion reactor which is act as an exhaust by extracting the 
heat and particle fluxes from plasma. 'ssentially actively cooled diver-
tor PFC targets are of two types of geometries viz. mono block type and 
macro brush type, which are made as multi-layered constructions from 
various materials, namely tungsten(W), OFHC copper(Cu), CuCrZr and 
Stainless steel(SS). The components are manufactured by various joi-
ning techniques likewise Hot Radial Pressing (HRP), Diffusion bonding, 
Active brazing etc. Such manufacturing processes incorporate defects 

at joint interlayer of the components. One of the quality control steps 
during fabrication of these components is the ultrasonic testing of bon-
ded region between dissimilar metal joints.
This present work is focused on ultrasonic testing to assess the quality 
of multi-layered joints for divertor macro-brush as well as mono block 
type of mockups fabricated by brazing and high temperature high 
pressure sinter bonding technique at NAL and NFTDC Labs, India. In or-
der to develop the ultrasonic C-scan imaging technique for these PFCs, 
a CIVA10.1simulation study has been carried out for selection of test 
parameters and characterization of smallest bonding defect presents at 
dissimilar metal joints in both PFC geometries. Further simulation stu-
dies are also been carried out for response of defect present at the inter-
face, which were used in preparation of calibration samples. The results 
of these studies are compared with experimental results to validate the 
techniques. Based on the simulation studies, suitable test parameters 
have been optimi\ed for ultrasonic examination of both the 2(%s. A dis-
similar metal joint like W/OFHC Cu, W/OFHC Cu/CuCrZr and W/OFHC 
%u�%u%r<r�55 were investigated in both the divertor 2(%s. 7ltrasonic 
C-scan images realize the size and location of defects presents at joints 
interfaces which helps effectively to assess the manufacturing quality 
of multi-layered divertor PFC and also to use the obtained results to 
improve the manufacturing technology for the ITER like PFCs at any 
manufacturing stage. This paper presents in detail the CIVA simulation 
study, experimental methodologies and the results of the investigation.

P111

Development, Characterization and NDT Use of Air-Coupled 
Capacitive Ultrasonic Transducers

C. Biateau1, M. Rénier1, M. Castaings1

1 Université Bordeaux, Talence, France

This paper presents a new design of Air�coupled %apacitive 7ltrasonic 
Transducers (A%7Ts� connected to a specific, small and complete elec-
tronic apparatus (exclusive 75�wave produced by .ecoeur %ie�, which 
has been specifically designed for optimum efficiency of the whole 
contact-less, ultrasonic, non-destructive testing (NDT) device. The elec-
tronic equipment produces extremely low electric noise, has very good 
electric impedance matching with both A%7Ts, and includes an arbitra-
ry function generator, power amplifier, low�noise charge amplifier with 
high gain, direct current voltage, etc.). These all come in a small and 
lightweight box, that is easy to transport and driven from a /AT.AB 
routine. %areful attention is paid on the reproducibility of the A%7Ts, 
which are systematically characterized via several measurements steps. 
These consist in quantifying the frequency bandwidth, the individual 
efficiency in 2a�8 (using a laser probe� and the spatial distribution of 
the generated pressure, for each A%7T. The efficiency of the whole sys-
tem (one pair of A%7Ts working as a transmitter and a receiver, when 
driven by the 75�wave� is also measured.
In addition to the technical aspects of this contactless, standalone, NDT 
system, this paper also presents few applications consisting in the de-
tection and imaging of damages in plate-like samples made of various 
materials (metals, polymers, composites). The measurement of elas-
tic properties of materials, which do not support contact with fluids is 
also demonstrated. Two types of waves are shown to be successfully 
generated and detected by these A%7Ts� bulk waves and guided .amb 
waves, thus indicating a wide field of possible 0&T applications.

P112* – Mo.3.A

Innovative Technologies for Ultrasonic Phased Array 
Instrumentation

J. Büchler1, S. Falter1

1 GE Sensing & Inspection Technologies, Hürth, Germany

Ultrasonic Applications
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To solve ultrasound applications the use of the phased array technolo-
gy is well established and accepted. Customers require portable, com-
pact, robust and easy to use instruments with imaging capabilities for 
the manual inspection and high speed evaluation systems for automa-
ted inspections with high channel counts interfacing to the production 
environment allowing high productivity. To fulfill the requirements for 
the manual and automated phased array instrumentation innovative 
technologies are essential. Compact portable instruments with high 
multiplexed channel counts require high integrated and low power 
electronics. The shift of functions from the hardware into the software 
helps to reduce the power consumption and to increase the opera-
ting temperature range. The power reduction is the enabler for robust 
housings to be used in harsh environment as those have no openings 
and are sealed to the outside. For the automated inline inspection sys-
tems having high parallel channel counts for large apertures very high 
speed communication lines with up to 2,5Gb/s are needed. Different 
types of ultrasonic transmitters like coded pulses to excite the phased 
array probe can improve the signal to noise ratio for a better defect 
finding. The possibility to use also multiplexed phased array systems 
gives the opportunity to have compact systems close to the probe. To 
scale the phased array instrumentation for systems enables the parallel 
use of single and multiple linear and 2D array probes for a wide range 
of applications. High speed interfaces of the manual and automated 
instrumentation provide the access to the inspection data and allow 
the post analysis, based on compressed or raw data, these give the 
customer the possibility for his own evaluations.

P113

Advanced and Fast Reconstruction Methods for Ultrasonic 
Imaging

E. Carcreff1, M. Gruber1, G. Dao2, D. Braconnier1

1 The Phased Array Company, West Chester, USA; 2 AOS NDT, Cincinnati, 
USA

7ltrasonic imaging using phased array probes is a standard in medical 
imaging, non destructive testing and material evaluation. The purpose 
of this communication is to present results of advanced imaging pro-
cesses in a real�time inspection context. 9e present an advanced syn-
thetic aperture imaging technique and an ultrafast imaging method. 
(rom data acquired with aluminum blocks containing artificial flaws, 
we make a comparison of the methods in terms of reconstruction qua-
lity and computational cost. Thanks to parallel computing implemen-
tations, we demonstrate that both approaches can provide real-time 
imaging with a standard 64-elements-probe. All functions are available 
in a software dedicated to real-time imagery working with AOS-NDT 
phased array instruments. 

P114

Research on Ultrasonic Inspection of the Narrow gap welds of 
the Main Coolant Line (MCL) in Chinese Evolutionary Pressurized 
Reactor (CEPR) Nuclear Power Plant

L. Zhou1, M. Li1, H. Chen1, G. Ma1, W. Wang1

1 CGNPC Inspection Technology, Suzhou, China

The Main Coolant Line (MCL) is the pressure boundary of the reac-
tor coolant loop in the pressurized reactor nuclear power plant, and 
the welding quality determines the integrity of the pressure boundary. 
Nowadays, the narrow gap TIG welding technology has taken place 
of the SMAW technology in the installation of the main pipeline. The 
7ltrasonic testing is one of the main method to supervise the quality of 
the narrow gap weld. &ue to the space and location limit, the specific 
manipulator is designed to perform ultrasonic inspections from the ex-

ternal surface of the Main Coolant Line welds. Techniques have been 
developed using conventional ultrasonic duel element focusing tech-
niques for the inspection of heavy walled Austenitic Stainless Steel. In 
this paper, the technique justification on mock�up has been performed. 
The qualification result shows that the selected ultrasonic technology 
and specific designed scanner demonstrate excellent in the mock�up 
and block with artificial flaw.

P115

An improve denosing method for Defect Detection in TOFD 
collected data

D. Chi1, T. Gang1

1 Harbin Institute of Technology, Harbin, China

To de-noise ultrasonic tested signal and detect defection effectively, a 
modified wavelet based algorithm is presented through signal correla-
tion procession for decomposed sub-waves. The traditional NWS (Non-
linear Wavelet Shrinkage) method is improved by employing the pre-
sented algorithm. By using the improved NWS method, both simulated 
and weldment tested ultrasonic signals are de-noising processed. The 
results show that the improved method has the advantages of multi-
resolution of wavelet and defect signal correlation between the adja-
cent signals, and it superiors to the traditional one in noise suppression 
and defect signal reconstruction. The presented method can provide 
identification and quantitative detection of defects for ultrasonic tested 
signal.

P116

A Development of an Array Ultrasonic Guided Wave Inspection 
System and Focusing Technique for CUI Inspection of Long Range 
Pipe

H. Cho1, D.H. Lee2, T. Kang3, D. Park1

1 ISAQ, Uiwang-si, South Korea; 2 KGS, Eumseong-gun, South Africa;
3 Korea Atomic Energy Research Institute, Daejeon, South Korea

7ltrasonic guided wave inspection techniques and applications have 
been expanded for long range pipe inspection. And array guided wave 
inspection methods are increasingly used for energy pipe inspection. 
Focusing technique and S/N ratio enhancement are big issues of ar-
ray guided wave inspection method, because large amount of energy 
loss and attenuation of ultrasonic guided wave is accompanied by the 
circumstances of long range pipes. In this study we developed a focu-
sing algorithm of array guided wave and an array ultrasonic guided 
wave inspection system to inspect corrosions under pipe insulation. 
Focusing and data enhancing techniques are materialized in the sig-
nal processing software of the developed array guided wave inspection 
system. Additionally a visualizing software can display array guided 
wave inspection signals to a 2D image can help signal interpretation 
performance of the array guided wave inspection system.

P117

5upport 8eEtor /aEJines #pplied to tJe +dentifiEation oH 
Carburized HP Steels Using Ultrasonic Non-Destructive Testing

C.B. Fagundes Do Carmo1, L. Rodrigues2, F. Cruz2, E. Simas Filho3, 
P. Farias3, M. Clea1, I. Silva1, C. Farias1

1 IFBA, Salvador, Brazil; 2 Universidade Estadual de Santa Cruz, Brazil; 
3 UFBA, Salvador, Brazil

Pyrolysis furnaces are used for hydrocarbon cracking in the petroche-
mical industry. The chemical composition (Fe-Ni-Cr) guarantees re-
sistance to high temperatures even with the reduced thickness of the 
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tube.  7nfortunately, the high temperatures are very aggressive to the 
tubes that operate inside those furnaces and due to the carburization 
phenomenon the level of chrome dissolved in the alloy reduces dras-
tically at very high temperatures. This implies on severe reduction of 
both the fluency resistance and the weldability. These factors encour�
age the development of studies in the area of non-destructive testing 
to ensure the integrity of those components. Magnetic non-destructive 
techniques are traditionally used on the monitoring of the furnace 
tubes. The production of chrome carbide in the carburization process 
modifies the magnetic properties in the metallic alloy. *owever, those 
methods are essentially empiric and only provide qualitative informa-
tion about the carburization condition. 
Non-destructive testing using ultrasonic waves is widely applied in the 
industry in problems such as the analysis of corrosion effects and weld 
inspections. 7ltrasound testing appears as an interesting alternative to 
magnetic analysis in the quantitative characterization of thermal dam-
ages in furnaces tubes, as it may provide detailed information on the 
possible extent of the damage. (or proper ultrasound evaluation it is 
required to obtain the backwall echo. 
In this work Support Vector Machines (SVM) and the Discrete Fourier 
Transform were applied to pulse-echo ultrasound signals in order to 
predict the condition of samples with different levels of thermal dam-
age obtained from pyrolysis tubes. 
The presence of thermal damages in the samples was confirmed by op-
tical microscopy analysis. Feature selection techniques were employed 
to reduce the dimensionality of the data and increase the system ef-
ficiency. Initially is presented a method using 58/ for the case of two 
classes separated by a kernel mapping. As a second approach, SVM 
was used for the case of multiclass data sets (considering multiple dam-
age levels�. The proposed technique presented high efficiency in the 
discrimination of the level of damage. 

P119

Ultrasonic Phased Array System with 128 Full Parallel Channels 
(128:128) for Fast and Modular Automated Testing

S. Heilmann1, C. Richter1, H. Funke1, O. von Kopp1, H. Heuer1

1 Fraunhofer IKTS, Dresden, Germany

7ltrasonic 2hased Array is an upcoming technique for nondestructive 
testing and is used more and more for different application. Many ap-
plications are possible at all through this new technology, for example 
fully�automated testing of solid axis for trains or for semi�automated 
testing of circumferential welds in very thin walled pipes. This devel-
opment accompanies the increasing uptake of the Phased Array tech-
nique in international standardization. At this time, different Phased 
Array Systems for manual or semi-automated testing are on the market 
from different suppliers. For application at fully-automates test systems 
– which of course is one the big advantages and possibilities of Phased 
Array technique – fast, modular and ubiquitous applicable systems 
with high performance are needed. 
In that article we will present a new generation of Phased Array Tech-
nique including electronic and software s based on 2%75� pro plat-
form of Fraunhofer IKTS - which meets all of these requirements. The 
p2%75� pro Array IIq ultrasound frontend consist of ��� full parallel 
channels (�������� and is simultaneously very small, compact and 
energy�efficient. &ue to its ultra�fast data transfer delivered by 75B �.�, 
the integrated encoder interface for up to four axis and the modular 
software-platform combined with .NET based software development 
kit (SDK) for easy integration into own application software the new 
2%75� pro Array II can be adapted for each kind of automated test sta-
tions. An integrated self�test and extended diagnostic features makes 
the device reliable for use in industrial environments. Additional, pro-
grammable waveform output (125MS/s, 14 bit) and the possibility 

of handling the raw data makes the system suitable for conventional 
2hased Array techniques as soon as and new 5A(T or full matrix capture 
techniques, and with this to an interesting system for labs at universi-
ties and research groups. 
Due to its characteristics it is possible to simply and quickly adapt to 
a variety of new applications. We will present possible applications as 
soon as Measurement results compared to older Phased Array Tech-
nique. 

P120* – Mo.3.A

High Frequency Ultrasonic Systems with Frequency Ranges 
of 35 to 200 MHz

W. Hillger1, L. Bühling1, D. Ilse1

1 Ingenieurbüro Dr. Hillger, Braunschweig, Germany

*igh�frequency ultrasonic systems (*(75� deliver high resolution be-
cause of the short wavelength 
and short pulse widths. The applications are restricted to thin compo-
nents and/or materials with low sound attenuation. The investigations 
are usually carried out in immersion technique. Our new  “local im-
mersion techniqueq with new transducer adapters enables also in�field 
inspections with an extreme high resolution. (or this application the 
/75' (/obile 7ltra5onic 'quipment� is used. The scanning speed is 
increased to 1 m/s.
(or different applications we can deliver systems like 752% ���� *( 
with a bandwidth of �� /*\, 752% ���� 8*( with �� /*\ and 7%2% 
���� 7*( with ��� /*\. The  external pulser�receiver unit enables a 
short cable to the transducer. This is an requirement for an optimal 
pulse shape and a high signal- to noise ratio. Different imaging systems 
and their applications will be presented. 

P121* – Mo.3.A

Study on Sectorial Scan Angle Range for Phased Array Ultrasonic 
Testing in standard setting 

X. Jiang1, Q. Han1

1 Ho Hai University, Chang Zhou, China

2hased array ultrasonic testing technology is of flexible, reliable, effi�
cient and suitable for special equipment welds nondestructive testing. 
Sectorial scan angle range was investigated in this paper for phased 
array ultrasonic oblique incident pulse shear wave testing of special 
equipment welds made in low carbon steel. The theoretical calculation 
of ultrasound waves energy transmission coefficient through the plexi-
glass wedge � steel interface was carried out. 9e find that setting sector 
scan beam deflection angle range to �� � to �� � is feasible. 9hen the 
beam deflection angle is too large, some actual problems will emerge 
such as effective acoustic radiation dimension comes small, so that up-
per limit of the sectorial scan angle is 75 ° is suggested.

P122

Determination of Crack Tip Location by using Tip Diffraction and 
Geometric Calculation

Y.-G. Kim1, N.S. Jo1, D.-J. Yoon1, B. Ahn1

1 Korea Research Inst. of Standards and Science, Daejeon, South Korea

Time of flight diffraction(T1(&� technique is used as an accurate si\ing 
method of the ultrasonic test. But it is also known as one of the difficult 
7T methods. 7sually it is performed by special 7T devices which in�
clude functions for the method implementation. In this paper some-
what simple method for determination of crack tip location by using 
tip diffraction and geometric calculation is suggested. The method is 
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based on the assumption that the beam generated by an 7T transducer 
is a plane wave and has wave front of Gausian distribution of intensity. 
In this case the beam can be considered as a bundle of parallel lines and 
geometric analysis of an echo becomes simpler and easier. In addition, 
this method can be performed by conventional 7T flaw detectors. To 
show the usefulness of this method, it was applied to some artificial 
specimens by using a conventional 7T flaw detector. And limits of this 
method were considered through the implementations.

P123* – Mo.3.A

EMAT in Car and Space Industry: Modern Achievements and 
5peEifiEs oH #ppliEation

A. Kirikov1, F. Durnov1

1 Nordinkraft, Heimsheim, Germany

The '/AT technology has already taken a firm position in industry in 
terms of ultrasonic examination of plates, pipes, bars and billets. A 
great number of automatic testing stations operate successfully at steel 
and pipe plants all over the world.
The outstanding properties of the EMAT have attracted the attention of 
the modern industry lately again�  scientists, 0&T�specialists, and qua-
lity managers have turned to the EMAT-technology for the new, very 
special and extremely effective applications.
The applications above have the following physical basis. EMAT does 
not need any mechanical contact with the object of examination (1'�� 
therefore, it does not distort acoustical fields in the material generated 
by the EMAT in its generating mode. Reception of acoustical signals 
with the EMAT does not create any distortions as well. 
It is a very important issue as for some particular applications any me-
chanical or acoustical contact with OE is whether forbidden, or physi-
cally impossible. 
Free vibrations of test objects or their particular areas, generated by 
the EMAT and detected by the EMAT can be used (after the respective 
processing) as a basis for creating a reference image of a “healthy” OE. 
The components or zones of the material to be tested can be compared 
with the reference one and sorted out in a very fast and reliable way. 
EMAT can effectively generate SH bulk and guided waves (both running 
and/or stationary waves) that may have a completely different kind of 
interaction with borders of a test object and its irregularities compared 
to conventional probes. Theoretical and practical results of these appli-
cations to be reported in the paper are� examination of engines in car 
industry, ultrasonic test of electronic components, and clad/sandwich 
materials examination.

P124* – Mo.3.A

Inspection of Hidden and Curved Regions in Composite 
Structures using Non-contact Guided Ultrasonic Waves

D. Koodalil1, K. Balasubramaniam1

1 Indian Institute of Technology Madras, Chennai, India

The use of composites in stiffened aerospace air-frame structures intro-
duces complex geometries and hidden regions that are vulnerable to 
defects during manufacturing and damage during service. Inspections 
of such structures are cumbersome and time consuming, but are of a 
great concern to aerospace industry since the criticality of defects/da-
mage in these regions can lead to unexpected failures and downtime. 
This work presents a technique for rapid non-contact inspection of cur-
ved and hidden regions in stiffened composite components. Air-Cou-
pled guided wave ultrasonic inspection  was employed. The probes 
were configured in order to excite Anti�symmetric plate mode (A��. 
The direct A� modes as well as the mode converted 5�|modes were 
detected using a receiver probe.  The technique was found to have the 

capability to detect and locate defects of the delamination type in the 
hidden and curved regions of such stiffened composite components.  
Additionally, finite element (('� models were used to visuali\e guided 
wave propagation and its interaction with defects in such curved and 
hidden regions for improved interpretation of the as-received signals 
from the experiments. The technology has the potential to significantly 
improve the inspection capabilities for complex regions in aerospace 
components. 

P125* – Mo.3.A

Customized Ultrasonic Inspection Solutions for various Industrial 
Products

M. Krüger1, G. Vogt1, B. Vogt1

1 VOGT Ultrasonics, Burgwedel, Germany

In the age of global recall campaigns, production accompanying com-
ponent inspections have become more and more an important cost-
saving process. 5tatistically unexpected faults in the global production 
process could have decisive economic impact due to necessary recall 
campaigns. 
Especially for the automotive industry, it is an essential requirement 
to validate the quality of laser welds of joined parts. For this purpose, 
nondestructive testing methods by means of ultrasound inspection are 
frequently being used. Moreover, they allow for a nearly 100% inspec-
tion of the parts. 
These procedures test and therefore assure the mechanical resilience 
and integrity of the joined parts. In parallel, cost savings and resour-
ces are being realized. Each laser welding process must be inspected 
regularly to ensure the quality of the weld and thereby the mechanical 
load capacity of the welded parts such as differentials in the automo-
tive industry. Many industrial applications, as well as pipes and piping 
systems, are subject to extreme strains of excessive pressure, high tem-
peratures and the media conditions. In case of failure or leakage, perso-
nal injuries and damages to property may occur. To ensure public and 
environmental protection, it‘s necessary that the systems are checked 
for their fault-free condition.
81)T 7ltrasonics offers standard and develops customi\ed solutions 
for a large application field of especially mechanically highly strained 
components based on their 241line%75T1/ system family. The 241-
line%75T1/ system family includes customer specific mechanics, the 
241line75B ultrasonic inspection device for conventional ultrasonic 
inspection combined with the user-friendly inspection and the evalua-
tion software 241line2.75. 
In this lecture 81)T 7ltrasonics is presenting customi\ed ultrasonic 
inspection solutions for various industrial products.

P127

A Study on the Focusing Charateristics of Ultrasonic Guided 
Waves using Finite Element Analysis

D.H. Lee1

1 KGS, Eumseong-gun, South Korea

Pipeline is one of the most abundant components in petrochemical 
plant. It plays a critical role in transporting fluids. 5ome pipelines are 
thermally insulated by wrapping them with insulating materials to pre-
vent the loss (or gain) of energy. However, when corrosion begins un-
der insulation, it cannot be easily seen without unwrapping the cover, 
and thus should be detected using non-destructive ways such as ultra-
sound guided wave.
 The current study aims to propose a new defect�finding technology� 
signal�based focusing of the ultrasonic guided wave at a specific inter-
rogation area within petrochemical pipelines, and to apply it into the 
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detection of corrosion under insulation (%7I� in an A5T/ A��� pipe-
line. 5ince the %7I is considered as one of the most influential defects 
that often threaten the integrity of plant’s pipelines, the accurate and 
fast detection of it should be of most importance in plant maintenance. 
In fact, the proposed technique takes advantage of the non�axisymmet�
ric feature of the %7I and is capable of discern the signals from welds 
and from %7I. 
By virtue of the finite element analysis, the performance of the pro�
posed technique is quantitatively compared with those of the conven-
tional defect�finding techniques such as the angular profile tuning. As 
a result, it is found that the proposed technique outstands the others 
in terms of the accuracy and the effectiveness, especially when it is ap-
plied to the %7I which shows a non�axisymmetric feature. The results 
of this study are expected to be directly utili\ed for on�site inspection of 
pipelineos %7I in many petrochemical plants. 

P128* – Mo.3.D

Ultrasonic inspection of small pores within electron beam welded 
titanium alloys and tJeir inȩuenEe on tJe HatiIue properties

J. Liang1, Z. Sha1, Y. Shi1
1 AVIC Beijing institute of aeronautical materials, Beijing, China

In this present work, pores in electron beam welded titanium alloys 
were investigated by means of both destructive and non-destructive 
testing methods. 7ltra�sonic inspection technique was implemented to 
detect and locate pores as small as ���Şm in 'B welds. 5pecimens with 
and without defects were fabricated and tested for low cycle fatigue 
properties. .og�normal and 9eibull distribution were used to fit the 
failure life distribution of non-defective samples.
The results told that the fatigue life of a specimen is barely affected 
by pores (or equivalent si\e� smaller than ���Şm, and that a pore as 
large as ���Şm would lead to an ��� reduction of the fatigue life. 
The defect sizes measured on the fractures were correlated to the ultra-
sonic inspection results in order to help determine the criterion of non-
destructive testing. It was observed in most of the specimens that the 
ultrasonic evaluation of a single pore is smaller than its actual size. 

P129

Ultrasonic Method for Determining the Thickness of TBC 
Deposited on Metal

Z. Ma1, W. Zhang1, Z. Luo1, S. Jin1, L. Lin1, M. Lei1
1 Dalian University of Technology, Dalian, China

When ultrasonic pulse echo method was used to characterize the thick-
ness of thermal barrier coating (TBC) deposited on metal substrate, the 
anisotropy of substrate would result in the waveform distortion and 
amplitude reduction of echoes, which led to serious deviation for deter-
mining the thickness of TBC. Aiming to resolve the adverse effect of an-
isotropic substrate, an optimizing method of effective echoes was pro-
posed based on echo amplitude and the frequency shifting coefficient 
Ȗ of 74%25. The resonant frequency fn of 74%25 obtained from opti-
mized echoes can be used to determine the thickness of TBC deposited 
on the anisotropic metal accurately. The ultrasonic pulse echo method 
with a 25MHz immersion focusing probe was carried out on the four 
ZrO2-8%Y2O3 (8YSZ) coatings deposited on Ni-based superalloy, of 
which the thicknesses of coatings and Ni-based superalloy were about 
���Şm, ���Şm, ��Şm, ��Şm and �.�mm, respectively. 4esults showed 
that the ultrasonic measurement results were in good agreement with 
the thicknesses observed with SEM, and the relative errors of the mea-
surement thicknesses of 8YSZ coatings were less than 10% completely.

P130

COBRI – a rolling ultrasonic 3D scanner for NDT of concrete

F. Melandso1, W. Bjerke1, K. Chapagain1, S. Lapshin1, T. Melandso1

1 Elop, Hamar, Norway

A project funded by the '7 *ori\on ���� program and 4esearch %oun-
cil of Norway is developing a new multi element handheld ultrasonic 
scanner for concrete. The new scanner will utilize fast coverage of large 
surface areas by using rolling transducers. This transducer setup also 
yields high resolution and easy interpretation of real-time 3D image of 
the concrete‘s internal state. A new (patented) scanner concept will be 
presented along with the most recent results of R&D work. The presen-
tation will outline the progress on development of coupling method, 
transducer’s design, and signal processing for 3D imaging which will 
enhance resolution and improve signal-to-noise ratio.

P131

Application of ultrasonic methods for manufacture of pipelines 
and maintenance

M. Mihovski1, P. Chukachev1, Y. Mirchev2, V. Sergienko3

1 Institute of Mechanics, Sofia, Bulgaria; 2 BGSNDT, Sofia, Bulgaria; 
3 National Academy of Sciences of Belarus, Gomel, Belarus

7ltrasonic method is universal for inspection of manufacture and mainte-
nance pipelines. In this paper the features of application and possibilities 
to obtain correct information about state of pipeline are presented. The 
following application fields of ultrasonic method are reviewed in work� 
r 3uality control of manufactured pipes (export control��
r Inspection of welds in pipeline fitting�
r Assessment of the pipeline state in advance prepared critical areas 

(using also metallographic analysis, hardness test);
r %orrosion inspection in maintenance using

- Pipeline internal gauge (PIG) for inspection;
- Guided wave technique;
- Convention ultrasonic thickness testing to assessment of corrosion 

damage in advanced prepared critical areas on pipeline.
r Assessment of mechanical stress state in surface of pipeline�
r Assessment of adhesion between reinforced (repair� material and 

pipe surface;
r Inspection of quality, mechanical properties and thickness of rein-

forced material for pipelines repair
The information in this work are presented used developed written 
practice procedures for laboratory testing and for maintenance of pipe-
lines.

P132

Ultrasonic Testing for General Corrosion of Metals and Alloys

Y. Mirchev1

1 BGSNDT, Sofia, Bulgaria

The service of construction under corrosion is dangerous task and 
for safety work is necessary monitoring, which can be achieved with 
non-destructive testing. With biggest application, most suitable, most 
cost effective and the greatest opportunities for testing of objects 
with uniform (general) corrosion is ultrasonic echo-impulse method. 
In traditional testing method for general corrosion are evaluated solely 
characteristic transit time of echo under different schemes of measure-
ment, which gives the wall thinning of the test specimen. 
Do not give information on the geometric dimensions of damage as 
depth and step of unevenness corroded profile. 2roblems in testing of 
the most common types of corrosion encountered in their detection, 
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when a data signal is interfering and strongly deformed. Then the tra-
ditional method to determine the thickness by measuring the charac-
teristic transit time of the echo in some cases give incorrect results for 
determining thickness.
In this work are investigated and proposed new technical solutions 
for emerging problems in ultrasonic testing of metals and alloys with 
corrosive damage, through used of new information characteristic. In 
work also are developed a model for presentation of general corro-
sion, which results were obtained for the amplitude characteristics of 
the reflection of longitudinal ultrasonic waves from the series of parallel 
triangular notches. In the work is proposal pbottomq reflector, type tri-
angular notches for setting the operating modes of the ultrasonic flaw 
detector for testing of general corrosion. Comparative samples with 
such type reflectors are used to obtain suitable information characteris-
tic (amplitude dependence of echo from reflectors� to determining the 
characteristics of damaged from general corrosion.

P133

The Nondestructive Evaluation and Experimental Research on Bolt 
Stress by Ultrasonic Wave

Q. Pan1, Y. Mi1, S. Liu1, D. Xiao1, C. Xu1

1 Beijing Institute of Technology, Beijing, China

Bolts are widely used in all kinds of important equipemnt, the failure of 
bolts will cause quite serious consequences. Based on the acoustoelas-
ticity theory, this paper proposes a non-destructive method of evalua-
ting axial stress in a tightened bolt. In order to measure the bolt axial 
stress in different situations, such as under low or high loads, this paper 
provides guidelines for calculating the stress for a given load factor. 
'xperimental and calculated results were compared for three bolt test 
samples� an austenitic stainless steel bolt, and low�carbon�steel �.� and 
�.� bolts. The experimental results shows that it is reali\ed the non�
destructive method for bolt stress measurements. 

P134

Ultrasound Phased Array Imaging on Curved Surface for Weld 
Inspection of Elbow Pipe as a Replacement for Radiographic 
Inspection

C.-s. Park1, S. Cho1, W. Choi1
1 Korea Research Inst. of Standards and Science, Daejeon, South Korea

7ltrasound phased array (2A� imaging has been regarded as a safe 
replacement for radiographic inspection, even though they have dif-
ferent detectability depending on flaw types. There are innumerable 
demands for non-destructive testing on weld joints of various pipes 
which are indispensable to most of industrial structures. Diverse ultra-
sound testing has been used to detect flaws in welding joints, but some 
technical deficiencies still remain. (or example, ultrasound 2A imaging 
on weld of elbow pipe has many challenging issues due to its geometri-
cally varying surface along the circumferential direction. Conventional 
PA imaging for weld inspection has particularly focused on ultrasonic 
wave propagation based on ray theory with 5nellos law. This confines 
the incident angle and the position of an array transducer as well. 7l-
trasound PA imaging by total focusing method (TFM), however, can 
provide not only high resolution images but also flexibility that makes 
particular use of a transmitted wave with a specific direction from a 
single element in the array transducer. 
This leads us to develop a method to get a TFM image of weld zone 
from an elbow part that curves. It is inevitable of each ultrasonic wave 
from the array transducer to transmit through different media and to be 
reflected from the boundary in the elbow part with an angle along the 
curved surface. To form a correct PA image, careful calculation is made 

to ensure that time delay of receive-after-transmit is correctly shifted 
and summed even under non-planar boundary condition. Here, a me-
thod to calculate wave paths for the zone of interest at weld joint of an 
elbow pipe is presented. A numerical simulation of wave propagation 
on an elbow pipe is made to verify the proposed method, and it clearly 
shows that the proposed method precisely localizes true source posi-
tion. In addition, it is experimentally demonstrated that the proposed 
method is well applied to various actual pipes that contains artificial 
flaws in them.

P135

Ultrasound degassing and computed tomography quality control

T. Pabel1, T. Petkov1, D. Habe1, P. Schumacher2

1 Österr. Gießerei-Institut, Leoben, Austria; 2 Montanuniversität, Leoben, 
Austria

7ltrasonic processing is known to be an efficient means of aluminium 
melt degassing with additional benefits of being economical and envi-
ronment friendly. This paper describes the performance of ultrasonic 
degassing in preparing melt for low pressure die casting (.2&%�. 'ffi�
ciency of ultrasonic degassing is compared with conventional Ar rotary 
degassing by direct measurements of hydrogen concentration in the 
melt with a Foseco Alspek-H probe and by reduced pressure test in 
different stages of the casting process. 5ignificant reduction in dross 
formation along with similar efficiency of hydrogen degassing was 
shown for ultrasonic degassing as compared with conventional Ar rota-
ry degassing. Mechanical properties, microstructure and porosity level 
of the components produced by LPDC after both degassing techniques 
are determined. Results show that the components produced after ul-
trasonic degassing treatment have similar hardness, tensile properties, 
porosity level and microstructure as the components degassed with 
conventional Ar rotary degassing.

P136* – Mo.3.A

A New Balanced TWM Laser Ultrasound Detector, the Principle 
and its Applications in NDT

B. Reitinger1, S. Zamiri1, T. Mitter1, J. Roither1, P. Burgholzer1

1 Research Center for Non Destructive Testing, Linz, Austria

We report on a new balanced interferometer for laser ultrasound mea-
surements on materials with highly scattering surfaces. The interfe-
rometer is based on the T9/ (two wave mixing� process inside of a 
In2�(e photorefractive crystal. The balanced principle itself is applied 
by splitting up the probe and reference beams between two semi equal 
interferometers, where only the photorefractive crystals have inverse 
electrical fields applied.  In this work we will show the principle and 
the mechanism of the signal inversion caused by reverse polarized elec-
trical field and its effective use on reducing noise. A comparison of a 
single end interferometer (one crystal) to the balanced interferometer 
with two crystals and reversed electrical field will show the reduction 
of amplitude noise. 
The measured signals will be shown in the time domain and also in the 
frequency domain obtained with high dynamic range by the use of an 
electrical spectrum analyzer. This way the effect of the balanced setup 
on the reduction of noise and also the reduction of resonances and 
oscillations visible in the amplitude noise caused by e.g. the switching 
power supply of the cw (continous wave) laser can be seen. Both noise 
reduction mechanisms will be combined to analyze the common mode 
reduction ratio of the proposed setup.
Further, the new balanced laser ultrasound detector will show its defect 
detection capabilities on different NDT applications.
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Development and Validation of an Iterative Time Reversal 
Technique for the Inspection of Composite Structures

D. Richard1, G. Maes1

1 Zetec, Quebec, Canada

Over the last 15 years, phased array technology has completely 
changed the face of ultrasonic non-destructive testing. This now matu-
re and widely adopted technology allows highly efficient inspections to 
be carried on critical components in aerospace, oil & gas, heavy indus-
try and power generating plants. The Iterative Time Reversal technique 
is a promising application of phased array technology. It consists in a 
real-time adaptation of the beam forming parameters, to compensate 
for varying probe-to-component misalignment conditions. This is par-
ticularly useful during inspections of CFRP components after manufac-
turing. This paper will illustrate how state-of-the art phased array units 
controlled by 7ltra8ision� � can be used to apply the Iterative Time 4e-
versal technique in order to improve coverage and detection capability 
of ultrasonic beams for various CFRP geometries.
'xamples will compare the performance of Iterative Time 4eversal with 
traditional beam forming, and demonstrate the improved behavior to-
wards geometry variations and positioning tolerances.

P138

Evaluation of adhesion of concrete screed to mine shaft wall by 
means of nondestructive acoustic methods

J. Hola1, K. Schabowicz1, L. Sadowski1
1 Wroclaw University of Technology, Wroclaw, Poland

The supply of air to mine shafts performs a vital function in the 
mining industry. Air is supplied through ventilating ducts with fans in-
stalled inside them. The walls of the ducts are made of concrete on 
which a concrete screed is laid. When there is no bond between the 
two layers, loose pieces of screed are torn off the base concrete by the 
strong air stream mechanically induced by the operation of the fans, 
posing a danger to the workers and the equipment. For these reasons 
the ventilating ducts should be periodically checked. In the authors’ 
opinion, the nondestructive methods of ultrasonic tomography and 
impact-echo can be useful for this purpose, which is demonstrated in 
this paper.

P139

On Determination of Focal Laws for Linear Phased Array Probes as 
to the Active and Passive Element Size

A. Gommlich1, F. Schubert1

1 Fraunhofer IKTS, Dresden, Germany

7ltrasonic linear phased array probes consist of several single trans-
ducers. By exciting each single transducer at its particular time wave 
fronts can be tilted, focused or both combined. The required set of de-
lays is called „focal law“. Hence, the shape of the resulting wave front 
depends significantly on focal law calculation.
The typical single transducer in linear phased array probes has a rect-
angle shape with a width�to�length�ratio of approximately �.� to �.�. 
The width of the short side is called „active aperture size“, the larger 
one is called „passive aperture size“. In state of the art calculations of 
the focal laws only the pitch between the single elements is considered. 
The elements are approximated with only a point source in the center 
of its aperture, that‘s why the real size geometry of the elements – 
neither the active size nor the passive size – has no further leverage.
The %'(IT (cylindric elasto dynamic finite integration technique� in 

combination with 255 (point source synthesis� enables flexible and 
fast simulation of four�dimensional sound fields in homogeneous and 
layered half spaces, respectively. Thereby all wave physical effects like 
scattering and mode conversion will be considered. The calculations 
with different geometrical parameters for the probes show that both 
the active as well as the passive aperture si\e influence the time and 
frequency characteristic of the signal in the focus point.
Based on the focal laws calculated with and without respect to the 
aperture si\e, sound fields were simulated for selected focus points. 
The results were qualitatively and quantitatively compared whereby 
the difference between both methods will be distinguishable.
The feasibility of corrections for the focal laws with respect to time and 
frequency characteristics in the focus point as well as the improvement 
of resolution will be discussed. The results allow an estimation about 
the optimal width-to-length-ratio for the single transducers of linear 
phased arrays.

P140

Operation and Sound Field of an Ultrasonic Biplane Array

R. Hipp1, A. Gommlich1, F. Schubert1

1 Fraunhofer IKTS, Dresden, Germany

For ultrasonic non-destructive testing several types of transducers are 
available based on single-channel or multi-channel technology. Trans-
ducers with more than two individual elements are usually called 
arrays. These arrays can differ in geometry and arrangement of their 
individual elements, e.g. linear, matrix and annular geometry. The ad-
vantage of arrays in contrast to single element transducers is the ability 
to tilt and focus the sound beam to a desired region inside the speci-
men. The biplane phased array is a new possibility in NDE for com-
bining the advantages of linear phased arrays, regarding low costs and 
high compatibility to existing phased array electronics with the goal of 
matrix arrays to get signal information from the evaluated specimen 
in all three dimensions. The biplane array consists of a piezoelectric 
sensor with a conventional line electrode structure on the top and a 
second perpendicular line electrode structure rotated by 90° on the 
bottom side of the pie\o layer. By using appropriate excitation and 
control techniques the biplane array is able to perform a conventional 
sector scan in two spatial directions. /oreover it is also possible to ex-
cite or receive with one single element or a choice of adjacent elements 
which allows flexible ��& reconstruction techniques. All these features 
go along with significantly less technological effort compared to ��& 
matrix arrays where each single element needs to be electrically con-
nected and a large number of individual channels needs to supported 
by the used ultrasonic hardware. 
The paper describes and visualizes the operation of a biplane array by 
calculating its spatio�temporal sound field. The numerical simulations 
are performed by the CEFIT-PSS technique, a powerful combination 
of the axisymmetric 'lastodynamic (inite Integration Technique ('(IT� 
with transient Point Source Synthesis (PSS).

P141* – Mo.3.G

Laser ultrasound investigations on composites with optical 
generation from visible to infrared

R. Seyrkammer1, S. Zamiri1, B. Reitinger1, R. Galos1, C. Hofer1, 
P. Burgholzer1

1 Research Center for Non Destructive Testing, Linz, Austria

9ith the use of carbon fiber reinforced polymers (%(42s� for examp-
le at the Airbus A��� or at the B/9 i�series the first step towards 
widespread use of composites in the automotive and aeronautic in-
dustry was made. To meet the high quality standards reliable non-

Ultrasonic Applications
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destructive testing methods are essential. One promising technique is 
laser ultrasound (.75�. 9e present the behaviour of the optical ultra�
sound wave generation in dependence of the wavelength ranging 
from the visible to the infrared end of the electromagnetic spectrum.
A main advantage of .75 testing compared to conventional ultrasound 
testing is the remote generation and detection of ultrasound waves by 
optical irradiation. Therefore it is a contactless non-destructive method 
with no need for transducers and couplants. The investigated speci-
men itself generates the ultrasound waves by absorbing the short laser 
pulses. As a result complex shaped composite parts can be scanned 
by deflecting the laser pulses across the inspection surface. )enera-
tion laser pulses of pico- to nanosecond duration allow a broadband 
frequency spectrum for ultrasound testing. The surface displacements 
caused by the ultrasound waves are detected with interferometers 
using continuous wave or long pulsed lasers. 
The generation of ultrasound waves by laser pulses depends on the 
optical wavelength and the material combination of carbon fibers and 
enclosing resin matrix. In this work, we investigate different generation 
lasers (0d�;A) solid state laser and %12 gas laser) with wavelengths 
ranging from 532nm in the visible to 10.6µm in the infrared.

P142

The Simulation-Assisted Designing of Focal Laws for Annular 
Phased Array Multi-zoned Inspection of Disks

Z. Sha1

1 AVIC Beijing institute of aeronautical materials, Beijing, China

Annular phased array ultrasonic inspections are used for high-sensiti-
vity inspections of PM disks. The designing of focal laws were studied 
with the help of CIVA simulation software. An optimized designing al-
gorithm was presented that balanced the lateral resolution, the sensiti-
vity and the surface resolution. 
The effectiveness of the focal law was verified by checking the distance�
amplitude curve that was acquired on a set of FBH reference blocks. 
The sensitivity curve was smooth and plain through the whole inspec-
tion range, and the near surface resolution could be reduced to 6mm.

P143

The Progressive Statistical Analysis Results of Performance 
Demonstration for Piping Welds

H.-F. Shyu1, Y.-T. Liao1

1 Institute of Nuclear Energy Research, Taoyuan City, Taiwan

A performance demonstration programme has been implemented by 
the Institute of Nuclear Energy Research since 2002. This programme 
followed the criteria of the ASME Boiler and Pressure Vessel Code Sec-
tion :I, Appendix 8III to prepare demonstration sessions in Taiwan and 
has gained meaningful data during the past 13 years. In this paper, 
historical demonstration results on the similar metal pipe welds are 
analy\ed and the statistical data show the overall qualification rate, 
accuracy rate, and detection rate are about 63%, 93%, and 90% re-
spectively. The length sizing errors depend on the piping material and 
flaw orientation, and the average relative error of qualified examinees is 
��.����.��. This programme can provide a good screening function 
for ultrasonic inspection personnel, and the statistical results can also 
provide both regulatory authorities and utilities with a conservative 
evaluation of the confidence level of realistic ultrasonic testing results 
in nuclear power plants.

P144

Studies of Metal-Rubber Suspension Components of a Motor 
Vehicle by Ultrasonic Method

D. Ulbrich1, J. Kowalczyk1, W. Sawczuk1, S. Kolodziejski1
1 Poznan University of Technology, Poznan, Poland

The article presents an innovative technique of assessing the quality 
(condition) of rubber-metal connections. Such connections are used in 
the construction of the suspension elements of modern rail and road 
vehicles. Metal-rubber joint is an adhesive connection. To improve 
adhesion of the rubber to the aluminum substrate are used primers 
applied on the inner surface of the aluminum element. The pilot stu-
dies showed that classical ultrasonic transducers make it impossible  to 
obtain useful for tests ultrasonic pulses on a screen of flaw detector. In 
this work the authors used modern digital ultrasonic equipment and 
ultrasonic transducers with the water delay line - high frequency trans-
ducers (20MHz). Water-delay line allows not only to move the dead 
\one outside the test area but also to correctly fit the transducer to the 
surface during the test. 
The study included two main stages – non-destructive testing by own 
procedures and destructive tests, whose aim was to verify the results of 
ultrasonic testing. The study was carried out in the entire area of the ad-
hesive connection. On the basis of the ultrasonic wave scanning of the 
outer surface of the element,  both the areas of weakened adhesion of 
the rubber to substrate, and those of good adhesion were determined. 
In the last stage of the experiment destructive tests were carried out to 
verify previously performed ultrasonic measurements. 
&estructive tests were conducted in two basic variants, reflecting the 
techniques used in the industry. In the first of them, aluminum sheet 
fragments were peeled from the rubber after cutting the aluminum 
sheet, in the second one the central part of the sleeve was pushed on 
the press.
 7ltrasonic testing was carried out according to own technique, which 
started with calibration of ultrasonic apparatus and finished with an 
evaluation of connection areas based on a decibel scale. The assess-
ment procedure of metal-rubber connection proposed in the article 
can largely replace the destructive methods currently used. The main 
advantages of the proposed technique are the reduction of production 
costs and increase in the quality of finished products as a result of early 
diagnosis of changes in the process of making connections. 

P145

%+8# +nspeEtion 2lanninI 6ools Hor tJe Definition oH %ompleZ 
Components Proper Inspection Parameters

A. Vanhoye1, S. Bey1, S. Paillard1, S. Le Berre1

1 CEA, Gif-sur-Yvette, France

Planning the inspection of a component using ultrasound requires to 
define an adapted transducer, chosen in regards of material properties 
and researched flaw characteristics. But it may also require to determine 
an inspection trajectory and associated focusing parameters if needed. 
This is especially true in case of complex components, for which the 
surface geometry can considerably evolve onto the region of interest. 
In such case, the use of a flexible probe is often preferred, since it can 
fit the wavy surface of the component and perform an electronic drive 
of the acoustic beam. But on the down side, flexible probe requires 
the computation of proper delays laws resulting from its positioning 
and target focusing parameters, which can make things much more 
complex.
/oreover, though flexible probe can fit wavy surfaces, the probe posi-
tioning remains a major issue. Indeed, positioning constraints can exist 
for the component, due to accessibility, robotic aspects or other, while 
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the flaw detection should remain efficient. The %'A has thus developed 
a set of inspection planning tools that help in defining the proper in�
spection parameters. 
At first, a probe positioning tool enables the visuali\ation of the probe 
positioning area onto the component, according to a given region of 
interest and attack angle on the flaw. 1n geometrical considerations, 
a compatible range of attack angle is enlightened. Thanks to CIVA sim-
ulation tools, sensitivity maps, which gives the sensitivity to the re-
searched flaw onto the region of interest, are then computed for these 
attack angles in order to determine the most suited one.
The second step concerns the determination of an inspection trajec-
tory and its associated focusing parameters. The tools process to the 
computation of delays laws coverage domains, which then enable to 
select the minimal set of scans and delays laws that ensure entire zone 
coverage. The result gives the optimized inspection parameters that 
can directly be transferred to an acquisition system and robotic super-
vision devices.
%onsidering the case of a no\\le weld inspection with a flexible probe 
for radially oriented flaw detection, the paper illustrates the use of the 
tools described.

P146* – Mo.3.A

PROline – ready for the next Industrial Revolution (Industry 4.0) 
and SCADA

G. Vogt1

1 VOGT Ultrasonics, Burgwedel, Germany

)ermany�s industry is making real progress on the path to the next in-
dustrial revolution sIndustry �.�� components communicate with pro-
duction plants which detect faulty parts, initiate the necessary repair or 
reject the corresponding parts. The Fed.Gov. of Germany has declared 
that industry 4.0 is a core element of their High-Tech Strategy, with the 
PROline inspection system it is already reality. PROline links the pro-
duction with the latest communications technology. Being PC-based, 
it can be easily integrated directly into the production line. PROline 
allows economically automated100% defect control of products and 
the same time contributes to optimal material flow. It communicates 
interactively with the production environment. Among others PROline 
was developed for testing welds on penetration, binding and volume 
defects, the control of soldering and thicker coating compounds and 
the monitoring of wall thicknesses. In particular, in conjunction with 
mechanized and automated ultrasonic testing applications PROline 
shows its strength. It communicates with a PLC or ERP interface and 
provides flexible software modules for optimi\ing and increasing the 
range of applications of existing test systems. 
If, despite a high degree of automation, a user wants to evaluate ultra-
sonic data manually, he gets various possibilities to process additio-
nal data to the ultrasound signal (A-scan) and gate information, e.g. 
B-Scans, C-Scans, TD-Scans, side and top views. PROline controls the 
operation and communicates from start, stop, signals for o.k. or not 
o.k. sorting, statistics, up to combinations of ultrasonic gate and sys-
tem information as an and/or/nor-scan.
The automatic, standardized evaluation, individual test report creation 
and result archiving saves time and creates production reliability. 
Additional test measures such as the rescan of a conspicuous part to 
validate any material defects can be automated. A remote connection 
allows for quick updates, linearity calibration and the flexibility of a 
modern production. 
PROline supports SCADA (Supervisory Control And Data Acquisition) 
for recognizing individual parts, controlling systems, and storing all 
data during scanning. PROline receives and transfers all part connected 
data with its production environment.

P148

New Possibilities in Ultrasound Phased Array Testing by the use of 
Biplanar Array Technology

T. Herzog1, S. Walter1, F. Schubert1, H. Heuer1

1 Fraunhofer IKTS, Dresden, Germany

The biplanar phased array is a new possibility in NDE for combining 
the advantages of linear phased array, regarding high compatibility to 
most phased array electronics with the goal of matrix arrays to get more 
signal information from the evaluated test body in all 3 dimensions. 
The biplanar array itself has a piezoelectric sensor inside with a con-
ventional line electrode structure on top and perpendicularly rotated 
on bottom side. With a special high power switch circuit, which can be 
included in the transducer housing, it is possible to select between two 
or three states for each element. If all elements on one side are connec-
ted to the active signals and the elements on the other side are connec-
ted to ground, the biplanar array is able to make a conventional sector 
scan in two spatial directions. By using a third state, the floating of an 
element, it is possible to excite or to receive with one single element or 
a choice of adjacent elements, which are produced by the crossing of 
the active lines and the lines connected to ground. A combination of 
different excite�receive configurations with migration algorithms allow 
a three dimensional image reconstruction.
This work presents the structure and manufacturing of such transdu-
cers and first measurements with a demonstrator system based on our 
conventional phased array hardware 2%75 pro array.

P149

A wave propagation model for simultaneous determination of 
thickness and sound velocity of layered structures

M. Wolf1, S. Kümmritz1, E. Kühnicke1

1 TU Dresden, Germany

/ultiple reflections in test objects with several layers complicate the 
analysis of ultrasound signals from interfaces covered with several 
layers. The interpretation of the signals is hardly possible if the sound 
velocities of the layers are unknown. Gust determined sound veloci-
ty and thickness of one layer simultaneously with scanning acoustic 
microscopy via moving a probe vertically to the surface. The echo of 
each interface is highest if the focus is located at the interface. So the 
displacement between the positions where the echo of the first and the 
second interface become strongest and the time of flight between the 
interfaces can be used to determine sound velocity and thickness simul-
taneously. Moving the focus can also be realized by an annular array 
at a fixed position via driving the elements with time lags determined 
by a geometric model. The assigned focus position and the assumed 
sound velocity are varied and the amplitude of the echoes is analysed. 
The use of an annular instead of a disk probe leads to additional, inter-
fering signal parts complicating the introduced method. A method for 
deconvolution and signal separation had been used in to determine the 
differences in time of flight of the echo parts. These time differences 
allow a direct calculation of thickness and sound velocity via an inverse 
geometric model. 7sing this method, results can be obtained with an 
uncertainty of only 5%, although the sound velocities and thicknesses 
can not be determined correctly because the geometric model neglects 
the wave character of the sound.
5o this contribution presents the development of a modified, wave 
based model evaluating the time of flight from sound field simulations 
based on Green’s functions and point source synthesis. As the appli-
cation on measured data shows, the accuracy can be increased more 
than 99%.

Ultrasonic Applications
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P150

PoD Analysis of Phased Array and Conventional Ultrasonic 
Techniques

M. Yalçin1, H.I. Yelbay2, C.H. Gür2

1 N.V.Turkse Perenco, Diyarbakir, Turkey; 2 Middle East Technical 
University, Ankara, Turkey

Non-Destructive Testing applications have broad usage area from the 
medical to heavy industries. Several advanced methods, mainly devel-
oped from the conventional methods, are used to render the technique 
more flexible and easier to interpret. 7ltrasonic 2hased array techno-
logy is one of them which can be employed in almost any test, where 
conventional 7ltrasonic Testing (7T� has traditionally been used. 9eld 
inspection, flaw detection and the wall thickness determination in cor-
rosion surveys are the most important applications. The benefits of 
2hased Array technology over conventional 7T come from its ability 
to use multiple elements to steer, focus and scan beams with a single 
transducer assembly. In this study, the advantages and limitations of 
the Phased Array system were investigated via using special test blocks 
of 5t�� and 5A' ���� (��%r/o�� steels having well�defined artificial 
defects. The reliabilities of the 2hased Array and conventional 7ltra�
sonic Testing methods were compared using a statistical approach, the 
Probability of Detection.

P151* – Mo.3.A

An Innovative Scanning Solution for Corrosion Mapping

F. Zottig1, P. Tremblay1, L. Enenkel2
1 Zetec, Quebec, Canada; 2 Zetec, Houston, USA

Corrosion and erosion mapping have traditionally been a challenge 
when trying to combine precise measurement, proper surface cov-
erage and reproducibility over time. Automated 7T solutions require 
big and cumbersome scanners whereas manually-driven solutions are 
often only capable to encode data on a single axis.
Zetec introduces a novel way of tracking the position and orientation 
of a phased array 7T probe and real�time plotting of thickness mea�
surement inspection data based on the readings of two parallel en-
coding wheels. 
This patented method allows having a hand-held scanning device that 
can move freely on flat or cylindrical inspection surfaces. The inten-
sive calculations for the real-time data treatment are implemented at 
the instrumentation level, which allows quick, accurate and repeatable 
corrosion mapping.
This paper will present a solution, consisting of a newly developed 
scanner and innovative software tools, which offers maximum agility 
for 7T corrosion inspection.

P152

Organizational Negligence and How to Avoid it

R. Alijah1

1 Kiwa International Cert, Hamburg, Germany

Managers are liable for all sorts of aspects in their company. One im-
portant point is liability in case of misconduct of their staff. In such 
cases they have to prove that the delegation, selection and training of 
employees has been done correctly.
In 0&T such misconduct can lead to fatal accidents. Therefore an excel-
lent organization must be in place.
In this presentation we will show what companies can do to avoid or-
ganizational negligence.

P153

How to Assure Compliance of Health, Safety and Environmental 
+ssues to %ustomers!

R. Alijah1

1 Kiwa International Cert, Hamburg, Germany

The standard 5afety %ertificate %ontractors (5%%�  has been developed 
by the petrochemical industry. It is directed at companies working as 
subcontractors and combines aspects from health, safety and environ-
ment
%ertification is done according to a standardi\ed questionnaire and the 
certificates are worldwide accepted. 
5ervice companies need this certificate in order to gain contracts be-
cause you can prove that you have implemented a good health and 
safety system. By using an SCC system you can reduce accidents, im-
prove the safety thinking you your staff and your employees will have 
a good safety awareness. 

P154

Scanning From Heating: 3D Digitization and NDT

M. Belkacemi1, O. Aubreton1, C. Stolz1

1 Laboratoire d‘Electronique et d‘Informatique de l‘Image, Le Creusot, 
France

Nowadays, many industries, during the quality control process aims 
to determine three dimensional (3D) aspect of the product material in 
order to verify its integrity. To achieve both tasks, a combination of two 
systems which are 3D scanner and Non Destructive Testing is widely 
used. Such a hybrid system represents a non-negligible cost for indus-
trial, and furthermore require matching of the two data sets. However, 
the matching procedure can be source of error. In attempt to solve 
those problems, a single active thermography system based on Scan-
ning-From-Heating is proposed in this paper. Besides 3D digitization of 
the object, our proposed method fulfill two supplementary tasks� i. the 
non-through defect detection for homogeneous metallic object; and ii. 
the fiber orientation determination for long fiber composite material. 
The experiments on steel and aluminum plate show that our method 
achieve to detect non through defect. Additionally, the fiber orientation 
determination is evaluated on carbon�fiber composite material.

P155

Determination of Biomass in Biotechnological Processes by 
Laser-Speckle-Photometry

B. Bendjus1, U. Cikalova1, C. Schott2, J. Steingroewer2, T. Bley2, T. Werner3

1 Fraunhofer IKTS, Dresden, Germany; 2 TU Dresden, Germany; 3 Thomas 
Werner Industrielle Elektronik, Kreischa, Germany

Other Applications
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Other Applications

The increasing shortage of fossil raw material is one reason why alter-
native biotechnological processes are urgently required to produce na-
tural agents and additives. (or example plant cells bare a wide range of 
nutritional, physiological and pharmaceutical relevant secondary me-
tabolites. However, conventional industrial production is dependent 
on a number of biotic and abiotic influences. The in vitro production 
of secondary metabolites in plant cell and tissue cultures (e.g. hairy 
roots) represents a suitable alternative to conventional techniques and 
allows a year-round cultivation in the bioreactor under optimal condi-
tions with consistent quality and quantity. One of the most important 
parameter for the development and monitoring of biotechnological 
processes is the biomass formation. In hairy root cultures, which form 
filamentous, network�like structures, the direct quantification of bio-
mass is not possible and the quantification with indirect methods is 
very laborious and time intensive. Therefore an alternative method is 
required.
The poster presents the capabilities of the Laser-Speckle-Photometry 
(LSP) as an alternative and rapid method for biomass determination of 
hairy root cultures. The technique of time resolved LSP is based on the 
analysis of the variation of speckle-patterns on the surface of the object 
characterized also the inner structure. This very fast and completely 
optical method allows the non-destructive, contactless measurement 
without sampling.
The aim of the work presented here is the development of a non-in-
vasive sensor for determination of biomass and other morphological 
parameters in heterogeneous systems based on LSP-method.

P156* – Mo.3.H

Ultra Sniffer – New Leak Detection Method

R. Brockmann1

1 Greifswald, Germany

The test sensitivity of classic sniffer test methods is limited by the heli-
um concentration in the air, but by reducing the atmospheric helium 
concentration, the test sensitivity can be improved by the sensitivity 
factor ���.��� significantly. The 7ltra 5niffer Test gas (75T� method is 
simple s there is no evacuation of the test chamber, only a filling with 
helium free gas. 
A characteristic of the 75T method is the extremely high system sensiti-
vity of �x��-10 Pa×m3/sec at atmospheric pressure (1013 mbar). In con-
trast to conventional vacuum leak test methods, the 75T�/ethod re-
duces the helium partial pressure in a chamber with a helium free gas. 
This brings the helium partial pressure down to 10-8 mbar, so the gas 
tightness of components can easily and reliably be determined with a 
meter sensitive 10-11 mbar × l/s. This was demonstrated by tests con-
ducted during the construction of the 9endelstein ��: fusion experi-
ment at the /ax 2lanck Institute for 2lasma 2hysics (I22� in )reifswald. 
It was shown that leaks at normal pressure (1013 mbar and 20°C) up 
to 10-9 mbar × l/s, so the gas tightness of components can easily and 
reliably be determined. are easily detectable. This means that, with the 
75T�/ethod, leaks with a theoretical loss of gas of � cm3 in 30 years 
are well within the detectable range. Because of all these criteria, the 
75T method has several benefits for the user of the 75T method. In 
particular, that the 75T method has the same sensitivity as vacuum test 
methods combined with the ability to localize the leaks.
The 75T method has been successfully applied in the 0uclear (usion 
research. In particular, it was used for tests during the construction of 
the 9endelstein ��: fusion experiment at the /ax 2lanck Institute for 
Plasma Physics (IPP) in Greifswald. Further domains of application out-
side fusion are targeted. New application areas of the method are for 
example in the area of material sciences. Also, the application in the 
sector for ad hoc testing and applications for the testing the tightness 
of fuel cells are promising.

P157

Manufacturing of Reference Defects for NDT Using Low-Energy 
EDM

R. Casperson1, A. Knöppchen1, R. Pohl1, L. Zimne1, J. Bode1, M. Hollesch1

1 BAM, Berlin, Germany

For non-destructive testing (NDT) appropriate reference blocks are re-
quired in order to verify and calibrate a testing procedure. At BAM a 
special electric discharge machining (EDM) system has been developed 
which is able to manufacture artificial defects having a width down 
to 30 µm. Especially in the case of austenitic materials conventional 
EDM leads to a transformation of austenite to ferrite. The ferrite trans-
formation causes a higher sensitivity of electromagnetic NDT methods 
(e.g. eddy current testing� at the artificial defects compared to natural 
defects of same size. The EDM system developed at BAM uses very low 
energy to avoid this material transformation. A side effect of the low-
energy EDM is a lower surface roughness compared to conventional 
'&/. The artificial defects manufactured at BA/ are measured opti-
cally and delivered with a certificate.
A comparison of artificial defects shows the influence of material trans-
formation on 0&T and how differently the quality of the artificial de-
fects can be.

P158

Comparison of Non-Destructive and Destructive Examinations in 
Today´s Inspection Practices

H. Chimezie1, G. Aire1

1 National Centre for NDT, Effurun, Nigeria

This paper attempts to highlight the problems being experienced 
when carrying out inspection either with the DE/DT/DI OR NDE/NDI/
NDT as the case may be.
The issue of inspection is a very serious matter in the engineering pro-
fession and it cuts accross all facets of the production stages. The main 
objective of carrying out inspection is the need for quality and weld 
quality as an important part of the overall quality effort.  Several factors 
come into play when product quality is of concern, such factors as eco-
nomics, safety, government regulations and global competition, the 
use of less constructive designs and more.
The paper compared the two and concluded that the two methods 
ought to be complimentary rather than being competitive.

P159* – Mo.3.H

A Reliable and Tracer Gas Independent Leak Detector for Food 
Packages  

S. Decker1

1 INFICON, Köln, Germany

The customer’s trust is the most important topic for producers and pa-
ckers of foods. Leaky packages and spoiled foods are responsible for a 
substantial amount of the decrease of trust.  Previous methods of leak 
detection like the water bath method do not yield safe and consistent 
results.  Other methods like the detection of CO2 can only be used for a 
small fraction of food packages. 
The presented INFICON Contura S400 leak detector delivers a safe, fast, 
non-destructive, tracer gas independent and reproducible method for 
leak detection for a wide range of solid and flexible food packages. 
The detectible leaks range from �x��-3 mbar l/s, comparable to 10 µm 
pinholes, up to completely open packages. The unique combination 
of the pressure increase method inside of a flexible foil chamber and 
volume measurement of the packages allows for this wide detection 
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range. Details of the methods and applications of the INFICON Contu-
ra S400 leak detector are shown and discussed in this presentation. In 
addition we give an outlook to further application of this method for 
automated spot and 100 % checks.

P160

What Makes a Good NDT Online Exhibition

R. Diederichs1

1 NDT.net, Bad Breisig, Germany

1nline exhibitions also referred to as a virtual exhibition or B�B platform 
are generally targeted at an industry and people involved or interested 
in that industry. This article describes how participation in an online 
exhibition can be a great way to advertise to a target market and create 
brand awareness. 1nline exhibitions promote products or services to a 
broader group that may have little or no knowledge of your products 
and services. Depending on the type of business, product and market 
testing can be carried out at online exhibitions to gain industry or gen�
eral opinion about your offering. It is important to ensure that the peo-
ple who are visiting the online exhibition are your target group. The 
major advantage of a good online exhibitions over simple directories 
(Yellwo Pages) is that it offers much more than your business name, 
address or telephone number. 'xhibitiors can add  press releases, pro-
ducts or information about their business. Number of companies adhe-
ring to online exhibitions is increasing day by day. 5eeing the potential 
and cost effectiveness many more companies will move for the online 
exhibitions in the near future. The article explains essential features that 
an online exhibition should provide so that visitors and exhibitiors have 
got a good experience from it. A basic structure for a flexible, easy�to�
use exhibition format is introduced.

P161

Technical Diagnostics – The Basis of Safety of Industrial 
Installations

A. Efimov1, V.V. Klyuev2, N. Kuzelev1

1 JSC RII MSIA „Spectrum“, Moscow, Russia; 2 Association „Spektr-Group“, 
Moscow, Russia

Technical Diagnostics is an integral part of the maintenance of tech-
nogenically dangerous objects. The main task of technical Diagnostics 
is safety, functional reliability and efficiency of the technical object, as 
well as reducing losses from downtime as a result of failures and pre-
mature conclusions. 0on�destructive testing�verification of reliability 
and working properties and parameters of the object or its individual 
elements/nodes do not require inference object from the work or its 
dismantling. For technical Diagnostics used various methods of non-
destructive testing, for example�
� 7ltrasonic flaw detection technology
- Magnetic and Eddy current technology,
- Vibrodiagnostics
Evaluation of residual resource objects is carried out after the current 
technical condition of referring to one of the classes� ddefectp� ddam�
age“; „destruction“; „refusal“. Residual resource of the entire object is 
evaluated on the component in the worst condition. 
In General, the structure of technical diagnostics tools and systems to 
ensure safe operation of technogenically dangerous objects is repre-
sented as�
- Provision of information,
- Organizational provision
- Technical measurement tools,
- Software
- Operational staff.

We emphasize the importance of normative documents on each 
component of the structure, including metrology and certification of 
equipment
RIA MSIA „Spectrum“ creates dozens of types of modern competitive 
devices, conducts research, development, production and mainte-
nance of devices and means of NDT and TD, actively cooperates with 
the enterprises of the Association „spectrum-group“, which brings to-
gether 27 companies and producing more than 300 types of instru-
ments NDT and TD.

P163* – Mo.3.G

Balancing Productivity and Product Quality in Welding, Revealing 
Interacting Organisational Cornerstones

A. Ericson Öberg1, P. Hammersberg2

1 Volvo Construction Equipment, Arvika, Sweden; 2 Chalmers Univ. of 
Technology, Göteborg, Sweden

The use of &esign of 'xperiment (&1'� can have vast impact on the 
measurement need. A study performed in a welding company by 
*ammersberg and 1lsson was aiming at finding settings for parame-
ters influencing weld toe radii, throat si\e and penetration. The perfor-
med DOE concluded a process window where all three requirements 
were achieved. The parameters identified  were related to the welding 
geometry rather than the commonly varied welding parameters. Posi-
tioning of parts and weld torch as well as gap size had larger impact 
than productivity parameters such as amperage and weld speed. This 
is surprising since most investigations do not uncouple parameters for 
weld geometry from those controlling  productivity. 
A possibility to control the weld quality by adjusting indirect parame-
ters independently from the productivity emerges. From an inspection 
perspective that is very influential. In the studied case that means in�
specting angles and gap size proactively before welding instead of mo-
nitoring weld toe radii, throat size and penetration after welding in a 
reactive manner. There are difficulties connected to the measurement 
of penetration and weld toe radius. It is in comparison relatively easy to 
control angles and gap sizes. 
This observation means new challenges for the organization on the 
meta-level. It seems necessary to have incremental improvement of 
competence and joint understanding and to have a critical mass of 
people having the same view. 0ot until � years after the first study of 
lack of measurement precision the organization was ready, as an orga-
nisation, to apply the optimi\ed design of experiment, even though 
single individuals were trained earlier. When educating the team as 
a team the best results were achieved, probably because a common 
language and new culture emerged. This indicates that the challenge 
of improved welding performance lay in the elevated organisational 
plane, rather than  on individual competence and technology level. The 
paper addresses the corner stones for welding process development 
that turns the perspective around from average to variation, regarding 
balancing process performance and product quality assurance.

P164

Future of Nondestructive Testing

N. Jain1

1 Frost & Sullivan, India

The 0&T industry has over the past decade experienced incremental 
change in not only the technologies that have been adopted but also 
in the new products that have been introduced by equipment vendors. 
9ith the advent of Industry �.�, there has been significant investment 
and evolution of technologies such as cloud computing, industrial in-
ternet of things, robotics and big data analytics across major industrial 
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verticals and especially in the manufacturing environment resulting in 
the need for more innovative testing solutions. 
Frost & Sullivan through careful analysis of key trends in the Industry 
4.0 ecosystem has predicted three key transformational implications for 
the 0&T industry�
1. Smart Inspection—a new paradigm for inspection based on the real 

time convergence of the digital technology platforms with the vari-
ous NDT techniques giving rise to new, more innovative NDT pro-
ducts.

2. Permanent Monitoring—evolution of NDT from periodic testing to 
continuous monitoring. This can also be considered as condition 
monitoring of static assets. 

3. NDT Services 2.0—evolution of the NDT inspection services business 
model from providing just inspection services to more engineering 
services and delivering these remotely rather than in the field. 

9hile many industry experts believe that disruptive innovation is not 
possible in the NDT industry, we believe that with evolving techno-
logies such as robotics, cloud computing, big data analytics and in-
dustrial internet of things under the Industry 4.0 ecosystem, disruptive 
innovation will occur sooner than later in the NDT industry. 

P165* – Mo.3.I

NDT Practical Examinations / Assessments / Evaluations

H. Jansen1

1 SAIW, Johannesburg, South Africa

Non-destructive testing is very much a practical orientated occupation 
with the technician’s practical skills forming the foundation of his/her 
occupation.  
Thorough assessment of the student’s practical skills should form the 
foundation of the qualification examination, company based authorisa-
tion assessment and professional designation evaluation.  
The practical examination (at all levels� should address the responsibili-
ties related to the various qualification levels and would depend on the 
scheme entity performing the assessment, vi\. Authorised 3ualification 
Body (I51 ���� � 3ualification 'xamination�, %ompany level � (%om-
pany based Authorisation assessment) or Professional Body (Professio-
nal designation / ‘license to operate’ evaluation)
Practical skills form the cornerstone of not only a National NDT quali-
fication and certification scheme, but also of International harmonisa�
tion of 0&T personnel qualifications. To this extent, the I%0&T s Inter-
national Committee of Non-Destructive Testing (ICNDT) has embarked 
on establishing a n)uideline for administering practical examinationo, 
under the chairmanship of Mr S. K. Babu (APCNDT).
The intent of this paper is to complement the work that has already 
been conducted, by providing input from a South African point of view.
The following aspects are being addressed�   
�� 'xamination 4esources � /anagement and maintenance
2) Document control
3) Records
4) Operating procedures
5) Grading

P166

Evaluation of the Probability of Detection Effect by Steam 
Generator Chemical Cleaning

K. Joo1, D. Shin1, Y. Kang1, K. Shin1

1 Central Research Institute, Korea Hydro & Nuclear Power, Daejeon, 
South Korea

4ecently, the initiation of axial stress corrosion cracks(5%%� at the out-
side diameter(OD) of the steam generator(SG) tubes near the line con-

tacts with the tube support plates(TSP) has continuously increasing in 
Korean nuclear power plants(NPPs) having CE-type steam generators 
with Alloy 600 high temperature mill annealed(HTMA) tubes. As a re-
sult of that, SGs with Alloy600 HTMA tubes were early replaced or are 
scheduled to be replaced prior to their designed lifetime. In Korea NPP, 
steam generator chemical cleaning (SGCC) was performed to prevent 
the initiation and reduce the prevailing rate of ODSCC by removing 
deposits at line contact crevices formed between eggcreate TSPs and 
5) tubing. As a result of 5)%%, A significant increase in the probabili-
ty of detection (POD) of tube defects was observed, because deposits 
mask existing defects and these defects can be more easily detected 
after chemical cleaning. POD increased results in an apparent increase 
in ODSCC indications. Planed outage period prolonged due to increase 
unexpected repair tubes. 1&5%% is required to repair based on detec-
tion. Therefore evaluation of POD effect by SGCC should be required 
to properly make outage plan and ready for tube repair. In this study, 
POD effect was evaluated by comparing with acquiring pre-cleaning 
ECT and post-cleaning ECT at KHNP unit. 

P167

Non-destructive Testing of Galvanic Coatings on Parts of Liquid 
Rocket Engines

V. Kaloshin1, A. Kren2, A. Smirnov3, A. Machikhin1,4, P. Levochkin1

1 NPO Energomash, Khimky, Russia; 2 National Academy of Sciences of 
Belarus, Minsk, Belarus; 3 Federal Agency of Atomic Energy, Dubna, 
Russia; 4 Russian Academy of Sciences, National Research University, 
Khimky, Russia

The problem of quality control of galvanic coatings on the elements of 
liquid rocket engines is discussed. These elements designed for use in 
extreme conditions have complicated surface shape, and the thickness 
of coatings applied to them vary considerably. High requirements for 
continuity and variations in the thickness of these coatings determine 
the need for a comprehensive approach based on the use of several me-
thods on different physical principles. In the present work approaches 
to the control of thin (���� Şm� silver coating and thick (up to ��� �m� 
two-layered functional coatings of nickel and chromium are considered 
in detail. 
It is shown that in the first case, it is rational to use x�ray fluorescence 
method and in the second – magnetic method. The main formulas and 
experimental curves illustrating the accuracy of the measurement of 
the coating thickness distribution are presented. Specialized instru-
ments designed to solve these problems are described. The results of 
numerous experimental studies of the coatings on the real parts of 
liquid rocket engines manufactured by NPO ENERGOMASH are given.

P168

The modular concept of training, advanced training and 
EertifiEation personnel 0D6 Hor rail transport 4ussia

V. Konshina1, G. Dymkin2

1 University of a Railway Transportation, St. Petersburg, Russia;
2 Petersburg State Transport University, St. Petersburg, Russia

Training of NDT personnel for railway transport includes training of 
workers in two specialties – control of the rails along the way, and con-
trol of the parts of the rolling stock (including the control of welded 
joints) and training of specialists with higher education – bachelor and 
master. Requirements for professional development set by interstate 
rules and standards of 4ussian 4ailways. 2ersonnel certification is con-
ducted in accordance with the national standard GOST R 54795-2011 
/ ISO / DIS 9712, additional requirements for products subsector also 
established inter-state regulations and standards of Russian Railways.

Other Applications
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P169

Using Adaptive Filtration in digital magnetodynamic signal 
processing

D. Kosobokov1, G. Dymkin1, V. Churova1

1 Petersburg State Transport University, St. Petersburg, Russia

Automated digital signal processing technique is widely used in non-
destructive testing of rails. It allows increasing considerably informa-
tional content, reliability and productivity of testing. However the reli-
ability of classification algorithms significantly depends on quality of a 
preliminary noise filtration. This work describes the benefits of adaptive 
filters in the scope of magnetodynamic signals processing. The results 
of spectral analysis prove that use of simple digital filters considerably 
distorts amplitude of desired signal. The algorithm is realized on the 
basis of a two�layer artificial neural network with direct signal propa-
gation. Training of a network has done on a low-frequency noise com-
ponent of signal. It is shown that application of an adaptive filtration 
allows reduction of signals from the tie plates which existence compli-
cates identification of signals from defects. 
The advantages of an adaptive filtration are�  
�. /ore effective filtration in comparison with frequency domain 

filtration.
2. Less distortion of amplitude and form of desired signal. 
�. The possibility of automatic adjustable parameters of the filter for 

noise suppression with various carrier frequencies.

P170* – Mo.3.G

CURe MODERN – French-German Infrastructure Inspection, Urban 
and Regional Planning

J. Kurz1, R.M. Moryson2, D. Prybyla3, C. Chassard4, T. Wundsam5, 
J.-P. Exner5

1 DB Systemtechnik, Brandenburg-Kirchmöser, Germany; 2 Fraunhofer 
IZFP, Saarbrücken, Germany; 3 Cerema, Metz, France; 4 Landesbetrieb für 
Straßenbau, Neunkirchen, Germany; 5 Technische Universität 
Kaiserslautern, Germany

The Saarland-Lorraine-Western Palatinate region is distinguished by a 
centuries-old common history in which this region was not always sep-
arated by territorial borders. The Romans already left monuments of 
great historical and cultural relevance, which characterized the regional 
infrastructure up to the present day. In order to continue to preserve 
this significant cultural heritage as well as to maximi\e the life�cycle of 
modern engineering structures, the condition of these infrastructures 
should be continuously inspected and monitored. In the context of 
the I0T'44') I8 A )reater 4egion project p%74e /1&'40 s Initiative 
/odern Building Inspection, 7rban and 4egional 2lanningq funded 
by the 'uropean 7nion, a network of speciali\ed partners from the re-
gions of Saarland, Lorraine and Western Palatinate was set up, which 
will contribute to the cross�border exchange of experience in the field 
of non-destructive testing in civil engineering and urban and regional 
planning. 
This network facilitates cross-border provisions of non-destructive tes-
ting systems and new methods of urban and regional planning, which 
can be used in the framework of appropriate services for the condition 
assessment of infrastructures, the inspection of roads concerning their 
asphalt construction as well as the inspection of architectural monu-
ments of reinforced and pre-stressed concrete. Framework for a com-
plete inspection of such objects is a comprehensive data base, which is 
often either poorly or even not existent. 
This prevails in particular for the field of inspection of infrastructures 
difficult to access which are distinguished by their exceptional location, 
size or architecture.

This contribution will show results from non-destructive inspection 
campaigns at engineering structures as well as cultural heritage which 
are merged with three dimensional georeferenced models of each 
structure and presented in a web based geoinformation system (GIS).

P171* – Mo.3.H

Leak Test of Test Parts with Pressure Compensation Elements 
using the Test Medium Compressed Air

J. Lapsien1

1 CETA Testsysteme, Hilden, Germany

/any products which are used outdoors are exposed to a variety of en-
vironmental influences. By temperature�induced pressure fluctuations 
as well as the cooling of the heated system during operation, a vacuum 
can occur inside the product. If the the welding or adhesive seams, 
the seals or contacts are not leak-tight moisture and liquid can be 
drawn into the interior of the system. Penetration of moisture can lead 
to serious disturbances in electronic components and can impair the 
function. In addition, the cyclical heating and cooling loads the seals. 
Therefore often pressure compensation elements (like membranes) are 
used for ventilation. 
These allow pressure equalization while protecting against oil, water 
and particles. As part of the quality control in the production line leak 
testing of the housing is of particular importance. Hereby very often 
compressed air is used as test medium. The leak test with compressed 
air is an objective test method that can be automated quite well. For the 
leak test the test part must be filled through the pressure compensation 
element to the test pressure.
In addition to checking the tightness of the housing, membrane defects 
and assembly errors of the membrane have to be detected reliably.
The test process consist of two steps�
1. After the handling and mounting the pressure compensation ele-
ment has to be checked whether it is intact and without errors moun-
ted. Sometimes the pressure compensation element is integrated into 
the cover, which is later mounted to the housing. But mostly the pres-
sure compensation element is inserted into the completely assembled 
housing.
2. The tightness of the housing must be checked. The test part has to 
be filled through the pressure compensation element that has been 
placed over the vent.
The specific characteristics of the leak testing of systems with pressure 
compensation elements are treated in practice.

P172

Using Hilbert transform for signal processing in Mechanical 
impedance analysis

V. Eremenko1, I. Lysenko1, A. Protasov1, E. Suslov1

1 National Technical University of Ukraine, Kyiv, Ukraine

These papers describe using of Hilbert transform in processing signal 
received from standard mechanical impedance sensor. It’s shown that 
*ilbert transform allows extract additional information from the signal 
and increase reliability of non-destructive testing. Presented mathe-
matical model of typical signals received form mechanical impedance 
sensor and described ways to extraction and using in non�destructive 
testing process wide known characteristic of the signal like instanta-
neous phase and instantaneous frequency. 
Also described another parameters based on mentioned characteristics 
which are more stable in diagnostic decision-making compare to an-
other widely used in contemporary flow detectors. 
5hown experimental results obtained from scanning samples of com-
posite materials used in development of light-weight aircrafts.  
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P173

The Real-Time Quantitative and Display Method for Incomplete 
Defect MFL Signals 

L. Peng1, S. Huang1, W. Zhao1, S. Wang1

1 Tsinghua University, Beijing, China

Steel tanks are used to store oil, gas and other chemical materials in 
the petroleum industry. Tank floors will have corrosion defects under 
corrosion and stress environment after long-time service. Detection of 
these defects is critical for tank’s safe operation and maintenance. So it 
is important to reali\e the real�time display of tank floorso defects. There 
are lots of research and data processing methods on defectso quantifi-
cation and display based on the detected MFL signals, which contain 
the complete defect information. *owever, in the process of tank floor 
defects’ MFL testing, the detection of defects MFL signals is continuous. 
That means in some testing phases, the data processing area may not 
contain the complete defect MFL signals. In this cases, the precious 
methods for complete signals cannot be accurately realize the defect 
quantification and display. 
In order to solve this problem, this paper introduces a rapid display 
method under the condition of incomplete defect MFL signals. Thor-
ough by the defects’ edge recognition and depth estimation, under 
the premise that a certain margin of error, implementing the defects 
real-time quantitate and display based on the incomplete MFL signals. 
Firstly, to identify the defect edge under the incomplete MFL signals, 
putting forward the edge identification method based on the 5obel 
discrete different operator. 5o we 7se 5obel operator to solve the gra-
dient of MFL signals. Then, by intercepting the threshold value, we can 
get the edge points based on the incomplete signals. The final defect 
edge can be obtained by curve fitting using the edge points after syn-
thesis. Then, to estimate the defect depth under the incomplete MFL 
signals, putting forward rapid depth estimation method based on the 
signal equivalent processing. 7sing the equivalent signal processing 
method to the equivalent complete defect /(. signals, and then ex�
tract the key characteristic quantities. %onstruct the quantification neu-
ral network to estimate the defect depth rapidly. Finally, sums up the 
real-time display method after estimating the edge and depth of the 
defects. By experimental verification, this method can reali\e the de-
fects’ quantitative and display under the incomplete defect MFL signals 
effectively.

P174

Non-destructive tests for damage analysis 

R. Schaar1

1 Allianz Risk Consulting, München, Germany

We should learn from damage cases so that they can be avoided in 
future. Careful and comprehensive testing of the damaged systems 
or components by experienced damage investigators is indispensable 
here. The tests are carried out in compliance with the VDI Guideline 
����. 'xtensive research into the development and manufacturing his-
tory of the damaged component and its hours of operation are normal. 
The former test history of damaged component is also subsequently 
checked to detect any discrepancies therein. During tests of the com-
ponent, though also during laboratory analyses, various kinds of non-
destructive and destructive test and examination methods are often 
used successively. 
Both the technical insurance company and the plant owner want to 
determine the cause of the damage as precisely as possible. The owner 
wants to be able to operate their plant again reliably following specific 
repairs and possibly an additional change to the mode of operation 
that avoids the renewed occurrence of the damage. The manufacturer 

of the plant, on the other hand, is usually more interested in sales of a 
new plant or component for commercial reasons. There is an attempt 
to include the manufacturer in the root cause analysis. The damage 
investigator usually relies on the manufacturer‘s information. However, 
the manufacturing companies sometimes no longer exist or technical 
documents have been destroyed during internal reorganisations, or 
they simply refuse to cooperate. Test and examinations then have to 
reconstruct all of the information contained in the data carrier of the 
„damaged part“. Non-destructive test methods are a useful aid here. 
This article will show which non-destructive test methods are used in a 
damage analysis taking certain cases of damage as an example. It will 
also show that the damage investigator himself has to have extensive 
knowledge of the non-destructive tests and/or that his investigation 
team must include such experts.

P175

Helium Leak Testing of Dangerous Goods Packagings

E. Schlick-Hasper1, O. Seidler1, T. Goedecke1, M. Kraume2

1 BAM, Berlin, Germany; 2 TU Berlin, Germany

The International Dangerous Goods Regulations prescribe the immer-
sion under water method (“bubble test”) as standard method for the 
leakproofness test of dangerous goods packagings. But this test pro-
cedure acts as a test method for leak localisation, not for quantitative 
leakage rates measurement. Additionally, the sensitivity in detecting 
leaks of small diameters is restricted, depending on the test liquid and 
the test pressure. The bubble test is not suitable for a comparison with 
quantitative limit leakage rates based on realistic transport conditions. 
This is especially important when estimating the risk of the formation 
of an explosive atmosphere during the intercontinental carriage of dan-
gerous goods packagings in freight containers.
To compare measured leakage rates with limit leakage rates, a quanti-
tative leak testing procedure is required. Therefore a new approach for 
dangerous goods packagings is implemented� The pressure technique 
by accumulation using Helium as a tracer gas. 
This work presents the test equipment necessary for the quantitative 
measurement of Helium leakage rates through closures of different 
kinds of dangerous goods packagings. The essential steps to achieve 
good repeatable results are� A controlled *elium filling process to reach 
a defined test pressure in the test sample, a sufficient homogenisation 
of the *elium�air�mixture inside the test sample and the ensuring of a 
constant pressure level of the test sample during the test.
The Helium loss rate of the accumulation chamber has to be measured 
separately to receive a correction factor for the measured leakage rates. 
Different constructional measures are introduced to prevent a distur-
bing influence of the *elium leakage rate of the filling valves on the 
measurement results. Methods to estimate the disturbing effect of He-
lium permeation through permeable parts of the test sample are also 
presented. As a supporting method for the experimental investigations 
the Helium sniffer test can be applied. This practical application-orien-
ted advice can enable other users to establish a pressure technique by 
accumulation for their own technical field.

P176

The Use of Non-Destructive Methods in Technical Assessment of 
Agricultural Machinery Under Field Conditions

J. Kowalczyk1, J. Selech1, A. Stachowiak1, D. Ulbrich1, K. Wlodarczyk1

1 Poznan University of Technology, Poznan, Poland

Agricultural machinery and equipment operate in extremely harsh con-
ditions. 'xcess dust and operation under variable environmental con-
ditions result in increased wear of the machinery mating parts. Some 

Other Applications
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machines are used only for a limited period of time during the year. 
For the rest of the year the machines are often stored in severe climate 
conditions (high humidity and variable temperatures). Malfunctions of 
agricultural machinery during operation can result in a significant loss 
for the farms. The authors of this study attempted to ascertain whe-
ther the non-destructive inspection methods allow an early detection 
of possible defects in the areas under observation. The research was 
carried out on different components of the agricultural machinery, the 
example of which is the shaft of a crusher (prone to cracking in the rear 
seat of the rolling bearings), welded joints, high-pressure tubing and 
metal plumbing fixtures. The study used a -rautkramer 75/ �� :5 
ultrasonic flaw detector with a set of ultrasonic transducers operating 
on different frequencies (2 to 20MHz). The study was conducted in 
the 0&T laboratory of 2o\nan 7niversity of Technology, the /as\�4ol 
manufacturing plant and several farms. The investigations have shown 
that the ultrasonic method allows a detection of fatigue cracks of the 
crusher shaft, thus enabling an early replacement. The authors have 
also confirmed the erosion wear, the ability to inspect high�pressure 
pipe fixtures and various connections such as the welded joints or spot 
welded bonds. 
The authors claim that at the production stage of agricultural ma-
chinery it is necessary to write instructions as to how to conduct ul-
trasonic inspections of components prone to malfunctions. These 
instructions should then be attached to the machine documenta-
tion. This would allow a timely detection of latent defects that may 
contribute to the costly downtime of the machinery or accidents 
during operation. Due to the design of agricultural machinery, the 
authors have conducted most of the research using their proprietary
procedures.

P177

NDT Application in Nuclear Fuel Industry

J.C. Shin1, S.D. Kim1

1 KEPCO, Daejeon, South Korea

Nuclear fuel is an energy source in a nuclear reactor by making a nu-
clear fission reaction. 5o, it has been provided continuously as long as a 
nuclear reactor is operating. Accordingly, nuclear fuel cycle companies 
have been competing fiercely to develop the advanced fuels with more 
safety and higher burn-up, and to preoccupy the technical advantages 
in fuel manufacturing and inspection process development.
In addition, as the number of the reactors, which end their life, is in-
creased, the technology development for long-term storage of spent 
fuels has been emerged as one of the most important R&D issues.
On this paper, we will describe and overview the NDT technologies ap-
plied to the nuclear fuel cycle which covers a nuclear fuel development 
and manufacturing, a poolside inspection of nuclear fuels in reactor, 
and a fuel integrity inspection for the storage and disposal of spent 
nuclear fuels.

P178

Current based Normalized Tripple Covariance as a bearings 
diagnostic feature in induction motor

L. Swedrowski1, T. Ciszewski1, L. Gelman2

1 Gdansk University of Technology, Gdansk, Poland; 2 Cranfield University, 
UK

Diagnosis of induction motors, conducted remotely by measuring and 
analyzing the supply current is attractive with the lack of access to the 
engine. So far there is no solution, based on analysis of current, the 
credibility of which allow use in industry. Statistics of IM bearing fail-
ures of induction motors indicate, that they constitute more than 40% 

of IM damage, therefore bearing diagnosis is so important. The article 
provides an overview of selected methods of diagnosis of induction 
motor bearings, based on measurement of the supply current. The pro-
blem here is the high disturbance components level of the motor cur-
rent in relation to diagnostic components. The paper presents the new 
approach to signal analysis solutions, based on statistical methods, 
which have been adapted to be used by this diagnostic system. First 
experimental results with use of this method are also presented, they 
confirm the advantages of this method. 

P179

Improvement of Quality of NDT Personnel Training: Opinion of 
Ukrainian Society for NDT

V. Troitskiy1, A. Shekero1, S. Shchupak1

1 The E.O. Paton Electric Welding Institute, Kiev, Ukraine

0umerous comments of the industrial enterprises in 7kraine about the 
quality of training of NDT specialists have shown the high effec  tiveness 
of implementing the potential of leading educational and research or-
ganizations of the country in the process of training. Involvement of 
scientists and specialists of these institutes gives an opportunity to can-
didate for certification to obtain thorough knowledge not only on the 
fundamentals of a selected method of testing, but also on technologies 
of producing  the quality materials and their physical properties.
Thus, for example, the %ertification Body on personnel of  the 7kraini-
an 5ociety of 0&T (750&T� is working many years at the facility of the 
'.1.2aton 'lectric 9elding Institute (29I� of the 0A5 of 7kraine, one of 
the largest technological institutes in the East Europe. Here, the tech-
nologies of producing permanent joints, new materials, deposition of 
coatings, different related processes are developed.  Each new techno-
logical process is provided with an appropriate NDT technology and 
training of specialists capable to reali\e this technology. The gained ex-
perience of the 29I specialists in the field of 0&T and welding showed 
the useful implementation of 750&T %ertification Body in its activity.
In 750&T %ertification Body many specialists from 2oland, 5lovenia, 
Iraq, Kazakhstan, Tajikistan, Georgia, Armenia and other countries 
passed their training.
The training is carried out both for groups of specialists, and also indivi-
dually, including that at the enterprises. This gives them opportunity to 
gain  the practical knowledge on a selected method of testing directly 
at the own objects, thus simplifying greatly the problem of transition 
to a self�dependent fulfillment of testing just after the initial training. 
In the 750&T %ertification Body  the program for a remote training 
and testing of candidates is successfully applied. This approach reduces 
greatly the employer costs for training the own personnel.

P180

To what Extent may we Accept Manufacturing-related 
/iErosEopiE DeHeEts in %ast 5teel!

I. Veile1, A. Tempel2, M. Weikert-Müller1

1 Fraunhofer IZFP, Saarbrücken, Germany; 2 Fraunhofer IWM, Freiburg, 
Germany

The occurrence of process�related discontinuities and minor flaws in 
the interior of cast steel cannot be fully avoided during the manufac-
turing process. Obviously, these microscopic defects affect the material 
properties of the casting near locations where they occur. However, 
their very occurrence does not necessarily deteriorate the stability of 
the entire casting element. 7nfortunately, current testing approaches 
do not integrate a reliable and customized case-by-case quality assess-
ment. Consequently, manufacturers usually apply a general, rather 
expensive and resource�intensive finishing of cast steel components. 
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Our research is aimed at making best use of the available material and 
avoiding such potentially unnecessary finishing steps. (or this purpose, 
non-destructive testing (NDT) is combined with fracture mechanical 
assessments allowing us to assess the quality of cast steel in a reliable 
way.
As a first step of our proposed approach, a reliable process needs to 
be developed to determine realistic standard defect sizes and material 
parameters as basis for subsequent fracture mechanical assessments of 
cast steel. To this end, we determined quantitatively the 3D distribution 
of microscopic defects and material parameters in representative cast 
steel samples using innovative, volume-oriented NDT methods (e.g., 
ultrasonic testing using the phased-array technique and high-energy 
x�ray tomography�. In this paper we compare and discuss the results 
obtained with the aforementioned methods to verify the validity of the 
proposed NDT approach. Furthermore, our work provides the basis for 
an improved correlation between existing quality classes and the real 
defect pattern in cast steel and, thereby, contributes fundamentally to 
an optimal use of the resource steel.

P181

Applications of Wireless Remote Collaboration for Nondestructive 
Testing

M. Domke1, T. Ward1

1 General Electric, Skaneateles, USA

(or decades 0&T inspectors in the field have been on their own making 
inspection decisions. Now advances in software and connectivity are 
allowing inspectors to collaborate in real time with off�site experts to 
get a second opinion on inspection setups and analysis. This presen-
tation will discuss field applications where 0&T remote collaboration 
tools can be used to increase productivity and probability of detection.

P182

Quantitative Analysis of Moisture in Composites using an 
Ultrashort Echotime Sequence on a 3-Tesla Whole-Body MRI 
System

A. Zimmermann1, P. Martirosian1, F. Springer1, F. Schick1

1 University Hospital Tübingen, Germany

The absorption of moisture by composites is a known effect which is 
believed to be one possible cause of deterioration and aging of a com-
posite. Therefore, the detection and analysis of moisture ingress is an 
ongoing subject of research. Magnetic resonance imaging has long 
been used to detect hydrogen protons in soft matter such as tissue 
within the human body where there is an abundance of water pro-
tons and therefore good signal yield. However, due to the relatively 
rigid bonding of hydrogen protons in solid materials such as in poly-
mers, the signal usually decays too rapidly for normal magnetic reso-
nance imaging (MRI) sequences to be able to detect any signal. In the 
last years ultra�short echo time (7T'� sequences with echo times (T'� 
below 1 ms have been used for the detection of more strongly bound 
hydrogen nuclei such as in cortical bone. In this study we present re-
sults of detecting and monitoring water ingress into several glass fiber 
reinforced plastic ()(42� samples using a ��dimensional (�&� 7T' se-
quence with radial k-space sampling with echo times as short as 0.07 
ms on a clinical 3 Tesla whole body MRI system. Samples were satura-
ted by means of autoclavation and monitored by weighing. The spa-
tially resolved water content was detected using a commercial wrist 
circular-polarized (CP) coil placed in the iso-center of the mri system. A 
high spatial resolution of 1 mm³ was achieved. After several weeks of 
treatment and sufficient signal yield, transverse signal decay (T��� and 
longitudinal signal decay (T1) 3D maps could be generated for samples 

at different levels of moisture ingress.  Higher-level of moisture in pre-
preg samples seems to be due to the presence of soluble sizing being 
used. The investigated samples showed a substantial difference in sig-
nal yield, signal�decay, with T�� values clearly depending on moisture 
content. Based on these results further research is ongoing in order 
to assess progress and direction of water uptake depending on fiber�
si\ing, fiber�content and �orientation.

P183

Focus on the COFREND Working Group: “Alternative Methods and 
Techniques to Penetrant and Magnetic Particle Testing“

M. Taglione1

1 Intercontrôle, Chalon sur saone, France

The COFREND (French Confederation for Non-Destructive Testing) in-
cludes among other activities a scientific sector that relies on the 2er-
manent 5cientific %ommittee (%52�.
This committee is composed of experts who cover all activity sectors 
and NDT methods. The CSP leads the Technical Working Groups (GT), 
one of which deals with “Alternative methods and techniques to Pene-
trant and Magnetic particle Testing”. The advancement of this working 
group will be presented here. 
Penetrant Testing (PT) and Magnetic particle Testing (MT) are NDT 
methods that both benefit from a very significant industrial experience. 
They appeared at the end of the 19th century, and have since proven 
their reliability and sensitivity. *owever they have drawbacks, for ex-
ample linked to the human factor in indications detection, to the need 
of using hazardous chemicals for pre-cleaning, or to the treatment of 
effluents. In some certain applications where these drawbacks are im-
portant handicaps it can make sense, both from a technical and an eco-
nomical viewpoint, to consider the replacement of PT or MT by other 
NDT methods and techniques. The working group started by listing 
the key advantages and limitations of 2T and /T, relying on experts 
in these NDT methods, so as to identify which other Nondestructive 
Testing methods can be generally proposed as alternatives. The next 
step is to define the contexts in which their abilities are at least as good 
as those of PT and MT, and their limitations not as relevant as those of 
PT and MT.
The )T work was split into four items� 2T and /T global performance 
analysis, investigation of other NDT methods and techniques, sensitivi-
ty equivalence demonstration, drafting of a guide of good practices – 
the progress and results of each of these items will be presented.

Other Applications
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Interactive Education in Eddy Currents

G. Mook1, Y. Simonin1

1 Otto-von-Guericke-Universität Magdeburg, Germany

Eddy current (EC) method uses electromagnetic energy to inspect the 
near-surface region of conductive material for different kinds of anoma-
lies very efficiently. 0o couplant is needed and the inspection speed is 
very high. 7nfortunately, the signal generation in '% technique is hard 
to understand. In contrary to x�rays or ultrasonics no obvious shadow 
models or echo phenomena can explain it. 
To overcome this drawback and to make EC technique more popular 
an education tool was developed making the signal generation more 
transparent. The tool consists of
r easy to handle interactive computer simulation of the basic effects of 

'% pick�up probes� lift�off, conductivity, frequency, surface defects 
and hidden defects. A virtual probe can be moved over an object and 
the signals are shown in the normalized impedance plane.

r all�digital '% instrument with 75B interface. Transparent probes give 
an insight into their inner construction. They are easy to handle and 
produce evident signals of typical defects on real test objects provided 
together with the instrument. The all-digital signal processing makes 
the instrument affordable to give every student his own instrument. 

r an extended set of reference pieces ranging from a set of blanks of 
different materials, surface and hidden slots, wall reductions, tubes 
and rotating specimen.

The instrument is a good basis to learn all typical tasks for eddy current 
inspection like sorting, crack inspection, hidden defect and corrosion 
inspection and even dynamic inspection using low and high pass filter�
ing and signal indication in XY- and Yt-mode. The system generates EC 
reports not wasting time for handwriting and drawing. 
For teachers the tool offers best opportunities to demonstrate an EC 
instrument using data projectors by switching between the lecture ma-
terial and the instrument pon the flightq. 
For topics of imaging eddy currents an easy to handle eddy current 
sensor array can be provided. The reference piece is an engraved alu-
minum sheet to be read by the array. On the screen you will see the 
text in direct or mirrored version depending on the side of inspection.

IP2 �����

CAD-supported scan plan-design for PAUT-, TOFD- and 
conventional-UT techniques use in lieu of RT – according to 
requirements of international standards

M. Maass1, M. Marvasti2
1 testsinn, Jesteburg, Germany; 2 Eclipse Scientific, Owen Sound, Ontario, 
Canada

9ithin bounds�
'xpensive, semi�automated 7T�methods with high levels of 21&, accu-
racy, reliability, repeatability and requiring data-logging got realised for 
long more or less solely in NDT for nuclear or space and aircraft indus-
tries. NDT-work was left to specialised service providers, equipped with 
automated testing robots or mechanised equipment. The high costs 
were the limiting factor for acceptance in mass production industries.
4equirements� 
Industrial evolution raises demand for large-scaled welded construc-
tions like pipelines, pressure vessels, power station components or 
constructions for wind energy converters. 
� 'xpensive products, predestined to be exposed to strong static and 
vibrational mechanical force. Many are installed in conditions, inacces-
sible for any action of proper post-production repair work.
Investors, insurances and owners expect an evidence of high�grade 
product quality and require dedicated strategies and procedures of 
0&T�measures. 7T�techniques in lieu of 4T are often the only suitable 
option for welds volume inspection – for reason of production process, 
short time frames and material thickness.
(uture approach�
Due to the growing demand, knowledge emerged, to standardise and 
to simplify the planning and execution of complex 7T�testing tech-
niques. International standards rule the legal background. 
Manufacturers support the approach by providing affordable auto-
mated and mechanised scanner components to extend existing 7T�
instrumentation. 
Prices for basic, but complete comprehensive sets of equipment get 
down to a level, suiting the budget of even small- and medium-scaled 
NDT service providers.
The growth of use and acceptance of automated, mechanised and 
semi�mechanised 7T�testing, its improved productivity and standar-
disation, raises the demand for an effective and simplified transfer of 
NDT-related information in between all involved project-partners being 
part of the production chain.
Target� 
The presentation uncovers, how to define the 7T�testing procedure, 
based on 7T�parameters specificaton and how to evaluate the 21& of 
relevant flaws and defects. It illuminates the principal simplicity of the 
underlying concept of workflow for preparing 7T�scan plans in a step�
by-step procedure. Dedicated software tools support this. 

Interactive Presentations

The interactive presentations will be presented during the poster and exhibition evening on /onday, �� ,une ���� 
on the me\\amine floor.
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