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ETIKA MERENI A MONITOROVANi NEDESTRUKTIVNIHO
ZKOUSENI

ETHICS MEASURING AND MONITORING NON-DESTRUCTIVE
TESTING

Bernard KOPEC

Quality Testing Ultrasound, Bohumin-Zablati; Ceska republika
e-mail: b.kopec@email.cz

Abstrakt

Je vSeobecné znamo, ze zafizeni, postupy a personal jsou v nedestruktivnim zkouSeni
systémové prvky, které tvoii spolehlivost zkousSeni. Lidsky faktor, ktery ovliviiuje spolehlivost
provadéni NDT je v Castych piipadech nejslabsim ¢lankem v fetézci kvality nedestruktivniho
zkouSeni a kvalita NDT infrastruktury je v této oblasti nejméné zmapovana. Aspekt lidsky
faktor nemizeme ztotozinovat s certifikaci personalu (vlastnictvi certifikatu stupné 1., 2., 3.).
Motivace a zavazek kvality personalu NDT ma zasadni vyznam v Usili o celkovou kvalitu NDT
operaci. Je malo pravdépodobné, ze kvalita mtize byt dosazena certifikovanym systémem
managementu kvality, validaci zkusebnich metod a vlastnictvim personalnich certifikath NDT
metod, pokud osoby vykonavajici nedestruktivni zkous$eni nejsou spravné motivovany a nemaji
potiebné charakterové vlastnosti. Piispévek je ivahou nad otazkou: ,,Je potieba etika (a pokora)
v dnesni uspéchané dobé v tizeni a provadéni nedestruktivniho zkouseni“? Na zakladé priklad
zavazného poruSovani etiky chovani véetné jejich skuteénych i moznych potencialnich
disledkt z padesatilého pisobeni v nedestruktivnim zkou$eni jsou uvedeny mozné principy
pokorného a pfijatelného jednani slusnych ,,defektoskopci.

Klic¢ova slova: Etika, Moralka, Lidsky faktor, Nedestruktivni zkouseni, Spolehlivost

Abstract

It is widely recognized that equipment, procedures and personnel are the system elements in
non-destructive testing that make up the reliability of testing. The human factor, which affects
the reliability of NDT performance, is often the weakest link in the quality chain of non-
destructive testing, and the quality of NDT infrastructure is the least mapped in this area. We
cannot equate the human factor aspect with the certification of personnel (ownership of a level
1, 2, 3 certificate). The motivation and commitment to quality of NDT personnel is essential in
striving for the overall quality of NDT operations. It is unlikely that quality can be achieved by
a certified quality management system, validation of test methods and possession of personnel
certificates of NDT methods, if the persons performing the non-destructive testing are not
properly motivated and do not have the necessary character traits. The contribution is a
reflection on the question: "Is ethics (and humility) needed in today's fast-paced times in the
management and implementation of non-destructive testing"? Based on examples of serious
violations of the ethics of behavior, including their real and possible potential consequences
from fifty years of non-destructive testing, possible principles of humble and acceptable
behavior of decent "defectoscopes" are presented.

Keywords: Ethics, Morality, Human factor, Non-destructive testing, Reliability



ZMENY V NORME CSN EN ISO 9715 VYDANI 2022 PROTI STAVAJIiCi
VERZI

CHANGES TO EN ISO 9715 ISSUE 2022 AGAINST EXISTING
VERSION

Josef NEUGEBAUER !, Bernard KOPEC 2

I TUV NORD Czech, s.r.0.; Ostrava, CR
neugebauer@tuev-nord.cz
2 Bernard Kopec; Bohumin, CR
b.kopec@email.cz

Abstrakt

V fijnu roku 2022 jsme se doc¢kali nového vydani zasadni normy pro kvalifikaci a certifikaci
personalu NDT, CSN EN ISO 9712. Tento ¢lanek se pokousi seznamit Sirokou
defektoskopickou vetejnost se novymi ¢i zasadnimi zménami proti doposud platné normé.
Cilem tohoto pfispévku je nejen upozornit na zmény proti stavajicimu vydani, ale také k témto
zménam piinést vlastni vyklad ¢i pohled na danou véc. Autofi se vénuji napf. prokazovani
zrakové zptisobilosti a jeji potvrzeni s kratkou odbo&kou k normé CSN EN ISO 18490: Ovéieni
zrakové ostrosti pracovnikti NDT. Dale pak roli rozhod¢iho pii potvrzovani nepfetrzité praxe
nebo také strukturovanému kreditnimu systému pro potifeby prodlouzeni platnosti
certifikatu/recertifikaci u pracovnikl stupné 1 a 2. V ¢lanku dale upozoriiuji na odlisny zptisob
hodnoceni kvalifika¢ni zkousky pro stupen 2, konkrétné samostatné hodnoceni vypracované
instrukce s vazbou/bez vazby na zkouseny vzorek. Jak dulezité autofi povazuji vysvétlit ptistup
k terminu vys$si vzdélani, ktery je také v této normé nové zaveden. Pfedmétem zajmu se taktéz
staly normy ISO/TS 25108 a ISO/TS 25107 a jejich vliv na kvalifika¢ni a certifika¢ni proces.
Pozornosti autord neunikl ani pozadavek na unifikaci poétu otazek obecnych testl pro v§echny
MDT metody.

Kli¢ova slova: CSN EN ISO 9712, rozhod¢i, zrakova zptisobilost pracovniki NDT

Abstract

In October 2022, a new edition of the integral standard for the qualification and certification of
NDT personnel CSN EN ISO 9712 has been released. The main goal of this article is to
introduce to the general Non-destructive testing community the major changes owing to the
current standard. Moreover, the paper is not only highlighting the changes against the current
edition, but also to provides its own interpretation or perspective on these changes. For example,
the authors discuss the demonstration of visual competence and its confirmation with a brief
digression to the standard EN ISO 18490: Evaluation of vision acuity of NDT personnel.
There's also discussed the role of the adjudicator in confirming continuous experience, as well
as the structured credit system for the purpose of certificate renewal/recertification for Level 1
and Level 2 personnel. The authors consider it important to explain the approach with regard to
the higher education, which is also newly introduced in this standard. Also of interest are the
ISO/TS 25108 and ISO/TS 25107 standards and their impact on the qualification and
certification process. The requirement to unify the number of general test questions for all NDT
methods did not escape the attention of the authors.

Keywords: CSN EN ISO 9712, referee, Evaluation of vision acuity of NDT personnel



VYUZITi GENEROVANI VYSSICH HARMONICKYCH A
INTERMODULACE ULTRAZVUKOVYCH VLN K DETEKCI
KOROZNIHO POSKOZENI PREDPINACI OCELOVE VYZTUZE
V MOSTNICH NOSNICIiCH

USE OF HIGHER HARMONIC GENERATION AND
INTERMODULATION OF ULTRASONIC WAVES TO DETECT
CORROSION DAMAGE OF PRESTRESSING STEEL STRANDS IN
BRIDGE GIRDERS

Monika MANYCHOVA', Josef STRYK?, Ales FRYBORT?, Marta KORENSKA?

'Brno University of Technology, Faculty of Civil Engineering, Veveii 331/95, 602 00 Brno, Czech Republic
manychova.m@fce.vutbr.cz,
2CDV -Transport Research Centre, LiSefiska 33a, 636 00 Brno, Czech Republic
josef.stryk@cdv.cz

Abstrakt

Prace byla realizovana v ramci feSeni projektu zaméfeného na nalezeni vhodné metodiky pro
detekci korozniho napadeni piepinacich ocelovych lan v mostnich konstrukcich. Slozitost
feSeni této problematiky vyzaduje vyuziti kombinace vicero nedestruktivnich metod. Jednou z
téchto metod je nelinearni ultrazvukové spektroskopie. Jeji nasazeni je predpokladano pro
diagnostiku pfedem vytypovanych problematickych oblasti nosniki, kde se vyuzije zhotoveni
sond pro vedeni vlnovodu, zajistujiciho pfimy kontakt budiCe a snimace s vySetfovanym lanem.
Ov¢tovaci méteni bylo realizovano na nosnicich typu I, zabudovanych v mostni konstrukei.
Cilem prace bylo stanovit pouzitych nelinedrnich metod, optimalizovat méfici aparaturu a
ovéfit pouziti navrzenych vinovodi. Testy byly realizovany na spodni ¢asti nosnikti/podhledu
mostni konstrukce. Trasy ptepinacich ocelovych lan byly identifikovany pomoci georadaru,
kontakt vlnovodd s lanem byl zajistén pomoci sond. Méfeni in situ predchéazela rozsahla
laboratorni méteni na ptedpinacich lanech podrobenych zrychlené elektrochemické korozi.
Aplikovano bylo nelinearni ultrazvukové méfeni vyuzivajici jev harmonického zkresleni a
intermodulace. Vyuzity byly poznatky z laboratornich méfeni ptepinacich ocelovych lan
poskozenych v disledku puisobeni rtiznych stupiid zrychlené elektrochemické koroze, kde
vysledné hodnoty pouZzitych parametrii vykazovaly rostouci hodnou korelujici s dusledky
postupujici koroze. Analyza vysledkl méfeni na nékolika vybranych mistech mostnich nosniki
nevykazovala zmény charakterizujici disledky korozniho napadeni piepinaci vyztuze.

Klicova slova: piedpjaty beton, mostni nosnik, koroze predpinacich ocelovych lan, nelinearni
ultrazvukova zkouska.

Abstract

The work was carried out within the framework of a project aimed at finding a suitable
methodology for the detection of corrosion attack of prestressing steel strands in bridge
structures. The complexity of this problem requires the use of a combination of several non-
destructive methods. One of these methods is nonlinear ultrasonic spectroscopy. It is intended
to be used to diagnose pre-selected problem areas in girders, using bore hole to place the
waveguide, ensuring direct contact of the exciter and transducer with the strand under
investigation. Verification measurements were catried out on Type I girders, embedded in the
bridge structure. The aim of the work was to determine the radius of action of the nonlinear



methods used, to optimize the measuring apparatus and to verify the use of the proposed
waveguides. The tests were carried out on the bottom part of the girders of the bridge structure.
The position of the prestressing steel strands were identified by GPR method, the contact of the
waveguides with the strand was ensured by bore holes. The in-situ measurements were preceded
by extensive laboratory measurements on prestressing steel strands subjected to accelerated
electrochemical corrosion. Non-linear ultrasonic measurements using harmonic distortion and
intermodulation phenomena were applied. The findings from laboratory measurements of
prestressing steel strands damaged due to different degrees of accelerated electrochemical
corrosion were used, where the resulting values of the applied parameters showed an increasing
rank correlated with the consequences of the progressing corrosion. Analysis of the
measurement results at a few selected locations of the bridge girders did not show changes
characterizing the consequences of corrosion attack on the prestressing reinforcement.

Keywords: prestressed concrete, bridge girder, corrosion of prestressing steel strands, non-
linear ultrasonic test.



DVA PRISPEVKY ULTRAZVUKU KE SPOLEHLIVEJSIM MOTORUM

TWO CONTRIBUTIONS OF ULTRASOUND TO MORE RELIABLE
ENGINES

Bfetislav SKRBEK, Jakub MRAZ

Technicka univerzita v Liberci, TEDOM a.s. Jablonec nad Nisou
Bretislav.Skrbek@tedomengines.com,

Abstrakt

Naftové a plynové pistové spalovaci motory — vyroba, vyuziti. Litinova kluzna pouzdra (ADI),
saci sedla ventill a setrva¢niky. Meze piipustnosti homogenity, modularity a tuhosti (modulu
pruznosti) na kvalitu, cenu a bezpe¢nost provozu motoru. Odlisné pozadavky na sedla a pouzdra
obrabénych ze stejnych odlitkd. Silnosténny setrvaénik z GJL 300 — neni norma EN k
hodnoceni homogenity. Stanoveni kritickych partii a metodiky kontroly homogenity, tuhosti a
s pomoci tvrdosti i pevnosti ultrazvukem.

Kli¢ova slova: Pistovy spalovaci motor, litinova pouzdra a setrva¢nik, homogenita a modul
pruznosti, ultrazvukové zkouseni.

Abstract

Diesel and gas piston combustion engines - production, use. Cast iron sliding bushings (ADI),
intake valve seats, and flywheels. Admissibility limits homogeneity, modularity, and stiffness
(modulus of elasticity) on the quality, price, and safety of engine operation. Different
requirements for seats and bushings machined from the same castings. Thick-walled flywheel
from GJL 300 - not EN standard to assess homogeneity. Determination of critical parts and
methodology for checking homogeneity, stiffness, and, with the help of hardness, also strength
by ultrasound.

Keywords: Reciprocating internal combustion engine, cast iron bushings and flywheel,
homogeneity and modulus of elasticity, ultrasonic testing.



MONITOROVANI ZBYTKOVYCH NAPETI VE SVAROVANYCH
POTRUBICH POMOCi BARKHAUSENOVA SUMU

MONITORING RESIDUAL STRESSES IN WELDED PIPES USING
MAGNETIC BARKHAUSEN NOISE

Vladislav OCHODEK

Department of Mechanical Technology, VSB — Technical University of Ostrava, Ostrava, Czech Republic
e-mail: vladislav.ochodek@vsb.cz

Abstrakt

Pro analyzu zbytkovych napéti ve spiralové svatovanych plynovodnich potrubich byla pouzita
nedestruktivni metoda zaloZzena na Barkhausenové Sumu (MBN). Ptispévek popisuje vyvoj
zbytkovych napéti v rtznych etapach vyroby. Vyvoj zbytkovych napéti byl sledovan v
ocelovém plechu, po svafeni roury, po kratké vyrobni tlakové zkousce a také po dlouhodobé
tlakové zkousce. Vysledky analyzy zbytkovych napéti z Barkhausenova Sumu byly uspéSné
ovéteny 1 pomoci odvrtavaci metody. Obecné MBN metodu je mozné pouZit pro detekci stavu
feromagnetickych materiall, vad souvisejicich se zbytkovym napétim, strukturou a tvrdosti.

Kli¢ova slova: svafované potrubi, zbytkové napéti, Barkhauseniv Sum, kratkodoby a
dlouhodoby stress test, snizovani zbytkovych napéti

Abstract

Barkhausen noise method (MBN) was applied to obtain the residual stress distribution in an
spirally welded pipes for gas pipeline. The paper describes residual stress development during
several production steps welded pipes. Residual stress evolutions were observed in the steel
plate, after welding pipe, after short production pressure test and after long-term stress test too.
Result of stress level assessment analysis from Barkhausen noise was successfully verified
using hole-drilling method. In general the MBN method can be used for ferromagnetic materials
to detect conditions, defects related to residual stress, structure and hardness.

Keywords: welded pipe, residual stress, Barkhausen noise, short and longtime stress test,
residual stresses reduction



SVAROVANI & PAJENI, ADI:l“IVNi VYROBA A TESTOVANI
MATERIALU TTNDT

WELDING & BRAZING, ADDITIVE MANUFACTURING AND
MATERIAL TESTING BY TTNDT

David KUBOS!, Jifi SVOBODA?

ITMV SS s.r.0., Frydek-Mistek
david.kubos@tmvss.cz
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Abstrakt

Dnesni prumyslova vyroba zvySuje pozadavky na vysokou kvalitu vyrobku, technologii spoja,
aditivni vyrobu (3D tisk), laserové taveni a svafovani, sintrovani, minimalizaci plytvani
vyrobkl pfi procedurach testovani apod. Ve vSech téchto procesech hraje teplota rozhodujici
roli. VSechny tyto postupy proto masivné vyuzivaji termografické kamery pro inspekei dild,
zobrazovani teplot, monitoring a kontrolu procesii a to diky jejich vysokorychlostnimu
zdznamu, Sirokému teplotnimu rozsahu a moZnostem jak automatizace, tak i laboratornich
sestav.

Mapovani teplotniho toku v komponentech je nezbytné pro celkové pochopeni procesu vyroby
a umoznuje precizni kontrolu vyvoje teploty zpracovavanych dili i materiald, jakoz i pfesnou
kontrolu vyrobniho procesu. Pajené a laserem svafované spoje mohou byt testovany aktivni
termografii plné¢ automatickymi nebo polo-automatickymi testovacimi systémy ve spravnou
dobu. Aktivni termografie je indukce tepelného toku energetickym vybuzenim testovaného
objektu. Tepelny tok je ovliviiovan vnitinimi materidlovymi vrstvami a vadami. Tyto
nehomogenity mohou byt zachyceny na povrchu vysoce citlivymi termografickymi kamerami.
Nasledné vyhodnocovaci algoritmy zdokonaluji pomér signalu vici Sumu, ktery umoziuje
detekcei velmi malych defekta.

Materidlové testovani vyuzivajici teplotni zobrazovani termografickymi kamerami Setii ¢as a
néklady, protoze testovany objekt neni béhem testu poSkozen. Ten pak muze byt pouzit pro
dalsi testovani nebo lokalizaci problému kvality, které mohou byt opraveny. Testy TTNDT se
systémy termografickych kamer poskytuji vyborné feseni s obrovskou aplikovatelnosti, protoze
mohou byt pouzity pro Sirokou oblast riiznych materialt a typtu defektt a vad.

Kli¢ova slova: laserové svafovani, spojovani, aditivni vyroba, aktivni termografie, testovani
materiali, TTNDT

Abstract

Today’s industrial production increases demands on high quality goods, joining technology,
additive manufacture (3D printing), laser melting and welding, sintering, minimizing of
product waste from testing procedures and others. Temperature plays a decisive role in all of
these processes. Therefore, all of such procedures massively adopt infrared camera systems
for inspecting parts, thermal imaging, monitoring and process control thanks to its high-speed
recording, wide temperature range and both automated and laboratory possibilities.

The mapping of heat flows in components is necessary for a complete understanding of the
process and allows precise control of the temperature development in the parts and materials
to be processed as well as exact thermal control of the process. Brazed and laser-welded joints
can be tested with active thermography in fully automated or semi-automated testing systems



in a timely manner. Active thermography is the induction of a heat flow by energetically
exciting a test object. The heat flow is influenced by interior material layers and defects.
These inhomogeneities can be captured on the surface by high-precision infrared cameras.

The additional evaluation algorithms improve the signal-to-noise-ratio which allows for
detection of smallest defects.

Material tests using thermal imaging by infrared camera save time and costs as test object will
not be destroyed during process. They can be used for further testing or locating quality
problems that could be corrected. TTNDT tests with infrared camera systems provide good
solutions with greater applications as they can be used for a wide range of different materials
and types of defects.

Keywords: laser welding, joining, additive manufacturing, active thermography, material
testing, TTNDT



POTENTIAL APPLICATION OF THE LATEST GENERATION OF
GAUGES USING THE BARKHAUSEN EFFECT FOR DIAGNOSTICS
OF ANNEALING PROCESSES OF STEEL COMPONENTS

Boleslaw AUGUSTYNIAK !, Marek CHMIELEWSKI !

I'NNT Sp. z 0. 0., Gdansk, Poland
e-mail: boleslaw.augustyniak@nntlab.com

Abstract

The paper deals with the issue of effective diagnostics of the effects of a number of thermo-
mechanical stress-relieving procedures for steel components now in use. Stress relieving aims
to minimize mainly tensile stress, for such stress stimulates the formation of voids and
accelerates the growth of discontinuities. Such diagnostics are made possible by meters recently
developed by NNT, which generate and analyze in an innovative way the voltage signal of the
Barkhausen Effect (BE) providing, for the first time, real-time quantitative information (in MPa)
about the level of stress. The first meter (MagStress5c) is equipped with a standard head with
a single yoke electromagnet and displays and records the level of the stress component in the
measurement direction. The second meter (MagStress5D) works with a head containing two
crossed electromagnets and automatically records the angular distribution of BE intensity and
then calculates the principal components of the stress tensor S1 and S, as well as the angle
between S1 and the main axis of the head. The diagnostic potential of the annealing process
using these innovative gauges is illustrated by the results of testing steel parts subjected to
welding and thermal annealing operations, as well as mechanical modification of this stress by
shot peening and hammering, and also by mechanical annealing of the multi-roll rolling and
tension type. These examples allow us to claim that it is now possible to have an effective and
extremely fast, significantly non-destructive method of controlling the change in the state of
stress after the application of a given specific annealing process.

Keywords: gauges, Barkhausen effect, steel, diagnostic



HQDNOCENi STARNUT,i ROZLIéNYCH YZORKfI TRUBNI
VYSTYLKY PRI CHEMICKEM ZATEZOVANI METODOU IMPACT
ECHO

EVALUATION OF AGEING OF DIFFERENT PIPE PADDING
SPECIMENS UNDER CHEMICAL LOADING BY THE IMPACT ECHO
METHOD

Houssam MAHMOUD

Brno University of Technology, Faculty of Civil Engineering
e-mail: 172266@vutbr.cz

Abstrakt

Byla provedena sada méteni vzorku s rozli¢nou trubni vystylkou pomoci akustické emise, resp.
metody impact echo. Experimenty na vzorcich prototypové vystylky CIPP, kterd ma vstupni a
instalacni podminky odlisné od standardid, slouzily k porovnani stavu téchto vzorki
v piivodnim stavu a stavu degradovaném. Také byl sledovan vztah mezi hodnocenim metodou
impact echo a klasickymi metodami, jako je modul pruznosti, mez pevnosti, tvrdost apod.
Zékladni vyhodou metody impact echo bylo, Ze je nedestruktivni metodou a tudiz 1ze sledovat
chovani jednoho vzorku. Naopak ureni napf. pevnosti je snadné jen destruktivnim zpisobem,
tudiz mnozstvi vzorki musi byt velké. Testovani bylo provadéno v prib&hu Sesti mésictl.
Piispévek vznikl v ramci feSeni projektu Specificky vyzkum 2022 &islo FAST-J-22-8007 -
Detekce dutin kolem betonového kanaliza¢niho potrubi pomoci metoda impakt-echo — feseném
na Ustavu fyziky Fakulty stavebni Vysokého uéeni technického v Brng.

Klicova slova: impact echo, vystylka, nedestruktivni testovani, potrubi

Abstract

A set of different pipe linings samples was measured using acoustic emission, impact echo, and
classical methods. The experiments, which have input and installation conditions other than the
standards, were used to compare prototype CIPP (cured-in-place pipe) samples in the original
and the degraded state. The relationship between evaluation by the impact echo and classical
methods, such as 'modulus of elasticity, ultimate strength, hardness, etc.,' was also monitored.
The fundamental advantage of the impact echo method is that it is a non-destructive method.
Therefore, the behavior of only one sample can be enough to monitor at all times. On the
contrary, determination of strength, for example, is easy only in a destructive way, so the
number of samples that are used must be large. The tests were conducted over six months.
The article has been created as part of the Specific Research 2022 project number FAST-J-22-
8007 - Detection of voids around concrete sewer pipes using the impact-echo method - solved
at the Institute of Physics, Faculty of Civil Engineering, Brno University of Technology.

Keywords: impact echo, padding, non-destructive testing, piping, cured-in-place pipe



SPOLEHLIVOST V HODNOCENI NEDESTRUKTIVNIMI METODAMI
RELIABILITY IN ASSESSMENT NDE
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Abstrakt

Je vSeobecné znamo, Ze zafizeni, postupy a persondl jsou v nedestruktivnim zkouSeni
systémové prvky, které tvofi spolehlivost NDE. Kvantitativni miry téchto prvkd, jakoz i jejich
vzajemny vztah a vliv na celkovou spolehlivost NDE nejsou dosud jednoznac¢né definovany.
Prispévek je diskusi ke koncepénimu modelu spolehlivosti NDE.

Kli¢ova slova: NDE spolehlivost, NDE systém, postupy, zafizeni, personal, lidsky faktor,
normy

Abstract

It is well known that the equipment, procedures and personnel are in non-destructive testing of
system components that make up the NDE reliability. Quantitative measures of these elements,
as well as their interrelationship and influence on the overall reliability of NDE, have not yet
been clearly defined. The paper is a discussion of a conceptual model of NDE reliability.

Keywords: NDE reliability, NDE system, procedures, equipment, personnel, human factor,
standards



APPLICATION OF NONLINEAR SPECTROSCOPY ON FERRITIC
AND AUSTENITIC STEEL PIPES
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Abstrakt

V ¢lanku jsou uvedeny vysledky méfeni zkuSebnich téles z austenitické a feritické oceli
s homogennim svarovym spojem. Do zkusebnich téles ptltrubek v misté svarovych spoji byly
vytvofeny umélé vady metodou EDM, které slouzily pro iniciaci as-real unavovych trhlin
vysokocyklickym zatézovanim na hydraulickém lisu. Po ukonceni vysokocyklického
zatézovani byla na zkuSebnich télesech provedena penetra¢ni zkouska, aby bylo mozno potvrdit
ptitomnost trhliny, a nasledné ultrazvukova zkouska pro stanoveni jeji hloubky. Pied a po
cyklickém zatéZzovani prob&éhlo méfeni metodou NEWS technikou nelinearni vlnové-
modulaéni spektroskopie (NWMS), z nichz bylo zaznamenano amplitudové spektrum, které
bylo nasledné importovano do SW Matlab, kde doslo khodnoceni amplitudy vSech
zkoumanych frekvenci.

Konvenéni nedestruktivni metody podavaji informaci o elastickych vlastnostech materialu,
metody nelinearni spektroskopie jsou zalozeny na méfeni elasticko-plastické odezvy
zkouseného materialu, jejiz plastickou slozku zpisobuji mikrotrhliny. Cast této odezvy miize
byt zpisobena nehomogenitou samotného materialu ¢i nelinearitou pouzitého zkuSebniho
zafizeni, coz je potfeba pii méfeni minimalizovat. Po cyklickém zatézovani se objevila
nelinearni odezva odpovidajici vzniku trhliny.

Déle jsou uvedeny vysledky méfeni potrubniho useku hlavniho cirkulaéniho potrubi jaderné
elektrarny Temelin pomoci techniky NWMS hodnotici intermodula¢ni zkresleni za tcelem
detekce trhlin v potrubi. Pro méfeni na usecich mezi hlavnim cirkulaénim ¢erpadlem, tlakovou
nadobou reaktoru a parogeneratorem byly pouzity trvale instalované snimace akustické emise
ze systému detekce tniki.

Klic¢ova slova: nelinearni spektroskopie elastickych vin, nedestruktivni zkouSeni, austeniticka
ocel, feriticka ocel

Abstract

This paper presents the measurement results of test specimens made of austenitic and ferritic
steel with a homogeneous weld joint. Artificial EDM defects were created in the half-pipe test
specimens in weld joints, which served for the initiation of as-real fatigue cracks by high-cycle
loading on the hydraulic press. After the high-cycle loading, a penetration test was performed
on the test specimens to confirm the presence of a crack, followed by an ultrasonic test to
determine its depth. Before and after the cyclic loading, the measurement was carried out using
the NEWS method using the nonlinear wave-modulation spectroscopy (NWMS) technique,



from which the amplitude spectrum was recorded, which was subsequently imported into SW
Matlab, where the amplitude of all investigated frequencies was evaluated.

Conventional non-destructive methods provide information about the elastic properties of the
material, nonlinear spectroscopy methods are based on measuring the elastic-plastic response
of the tested material, the plastic component of which is caused by microcracks. Part of this
response can be caused by the inhomogeneity of the material itself or the non-linearity of the
used test equipment, which needs to be minimized during the measurement. After the high-
cycle loading, a nonlinear response corresponding to crack formation appeared.

Moreover, the results of measuring the main circulation pipeline of the Temelin nuclear power
plant using the NWMS technique evaluating intermodulation distortion for the purpose of
detecting cracks in the pipe are presented. Permanently installed acoustic emission sensors from
the leak detection system were used for measurements on the sections between the main
circulation pump, the reactor pressure vessel and the steam generator.

Keywords: non-linear elastic wave spectroscopy, non-destructive testing, austenitic steel,
ferritic steel
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NASTROJE NA ANALYZOVAN,I' ABNO]}MALNI’CH STAVU
TECHNOLOGICKYCH ZARIZENi

TOOLS FOR ANALYZING ABNORMAL STATES OF
TECHNOLOGICAL EQUIPMENT.

! Centrum vyzkumu ReZ s.r.0.
e-mail: jaroslav.brom@cvrez.cz, e-mail: roman.aldorf@ujv.cz, jan.blazek@cvrez.cz

Abstrakt

V ¢&lanku je prezentovan prakticky uplatnény piistup rozvijeny v Centru vyzkumu ReZ s.r.0.,
ktery byl soustfedén na zpracovani dat pro charakterizaci normalniho provozniho stavu s
potencidlnim vyuzitim pro uréeni vzniku abnormalniho stavu. Detekce postupné se vyvijejici
provozni abnormality je v piistupu Centra vyzkumu ReZ s.r.o ztotoznéna s chovanim tzv.
rozhodného parametru, ktery miru abnormality v chovani technologického zafizeni
kvantitativné charakterizuje a teoreticky tak umoznuje postupné vznikajici nezadouci stav
technologického zafizeni rozpoznat naptiklad pti pfekroceni specifické limitni hodnoty. Vyvoj
byl realizovan na datech turbosoustroji 1. a 2. bloku JE Temelin. Protoze je abnormalni stav
turbosoustroji charakterizovan zvySenim absolutnich vibraci na jednom z loziskovych, stojant
zpravidla u nizkotlakych dili turbiny, byly v konkrétnim pifipadé jako rozhodny parametr
pouzity hodnoty absolutnich vibraci v pasmu 10+1000 Hz méfenych na loZiskovych stojanech
v horizontalnim sméru.

Uplatnény pftistup ma rysy obecného postupu nad daty rozsahlych databazovych systému pro
charakterizaci normalnich stavii a detekci nezadoucich provoznich podminek, tj. 1ze jej obecné
aplikovat na jakékoliv technologické zatizeni.

Kli¢ova slova: Monitorovani stavu zatizeni; Modelovani; On-line monitorovani

Abstract

The article presents a practically applied approach developed at the Research Center ReZ s.1.0.,
which was focused on data processing for the characterization of a normal operating state with
potential use for determining the occurrence of an abnormal state. In the Research Center Rez
s.r.o. approach, the detection of a gradually developing operational abnormality is equated with
the behaviour of the so-called decisive parameter, which quantitatively characterizes the degree
of abnormality in the behaviour of the technological device and thus theoretically enables the
gradually emerging undesirable state of the technological device to be recognized, for example,
when a specific limit value is exceeded. The development was carried out on the data of the
turbomachines of the 1st and 2nd blocks of the Temelin NPP. Since the abnormal state of the
turbomachinery is characterized by an increase in absolute vibrations on one of the bearing
stands, usually in the case of low-pressure parts of the turbine, the absolute vibration values in
the range of 10+1000 Hz measured on the bearing stands in the horizontal direction were used
as a decisive parameter in this case.

The applied approach has the features of a general procedure over the data of extensive database
systems for the characterization of normal states and the detection of undesirable operating
conditions, i.e. it can generally be applied to any technological device.

Keywords: Equipment Health Monitoring; Modelling; On-line monitoring



OPAKOVATELNOST FLASH-PULZNIHO TERMOGRAFICKEHO
TESTOVANI KOMPOZITNICH VZORKU
REPEATABILITY OF FLASH-PULSE THERMOGRAPHIC TESTING
OF CARBON-FIBER COMPOSITE SAMPLES
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Abstrakt

Flash-pulzni termografické nedestruktivni testovani je ¢asto pouzivana technika pro inspekci
kompozitnich materialli. Tato metoda patii i pfes moznosti automatizace nékterych postupii
do skupiny metod, kde jsou indikace hodnoceny zejména vizualng€. Vysledky inspekce mohou
proto byt do znatné miry ovlivnény operatorem. Statistickd analyza opakovatelnosti
a reprodukovatelnosti inspekce je proto diilezitym indikatorem hodnoceni metody pro danou
aplikaci. Tato studie je zaméfena na statistické hodnoceni flash-pulzni termografické metody
pfi nedestruktivnim testovani kompozitnich materiali. Referenéni vzorky z kompozitniho
materialu s 50 umélymi defekty byly testovany 3 operatory ve 2 nezavislych kolech.
Hodnoceni indikaci bylo provedeno na zakladé hodnoty kontrastu indikaci viaci okoli
(contrast to noise ratio) a na zaklad¢ zjisténé velikosti indikaci. Bylo zjisténo, ze pii danych
podminkach je celkova Gage R&R variabilita 23 % a 45 % pro pramér resp. pro kontrast
indikace.

Kli¢ova slova: IRNDT, termografické nedestruktivni testovani, infracervené nedestruktivni
testovani, opakovatelnost, kompozitni materialy

Abstract

Flash-pulse thermographic non-destructive testing is often used method for an inspection of
carbon-fibre reinforced composites. Despite some automation of the inspection procedure,
this method belongs to the group of methods, in which indications of defects are evaluated by
a visual inspection. The results of the inspection can thus be affected by the skills of
operators. A statistical analysis of reproducibility and repeatability of the inspection is
therefore an important tool for an evaluation of the method for a given application. This study
is focused on the statistical evaluation of the flash-pulse thermographic non-destructive
testing method used for an inspection of carbon-fiber-reinforced composite (CFRP) materials.
Reference CFRP samples with 50 artificial defects were independently inspected by three
operators in two independent runs. The evaluation of the found indications was performed
based on their contrast-to-noise ratio against their background and based on their size. It was
determined, that the total Gage R&R variability is 23% and 45% for the diameter and the
contrast to noise ratio evaluation, respectively, under the conditions of the experiment.

Keywords: IRNDT, thermographic non-destructive testing, infrared nondestructive testing,
repeatability, reproducibility, composites
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Abstrakt

Neuronové sité jsou souborem algoritmtl, voln¢ inspirovanych lidskym mozkem, které jsou
uréeny k rozpoznani vztahd v datech. Tyto algoritmy jsou v soucasnosti nasazovany v mnoha
nejenom prumyslovych odvétvich pro feseni obtizné fesitelnych problému. Pfispévek souhrnné
popisuje pouziti neuronovych siti, které jsou v soucasné dobé vyuzivany na pracovisti NTC pfi
Zapadoceské univerzité¢ v Plzni v rdmci infracerveného nedestruktivniho testovani. Prispévek
popisuje feseni dvou riznych nesouvisejicich probléml — zabyva se nalezenim objektu na
termogramu (detekce) a dale se zabyva predpovédi vystupu spojité hodnoty (regrese). Prvni
Cast prispévku tedy popisuje detekci svaru na termogramu, ktera je vyuzivana pro nalezeni
pozice svaru na dile pomoci IR kamery. Toto feSeni vyuziva rozdilnosti emisivity svaru oproti
nesvafenému plechu a mize proto v kombinaci s béznou kameru ve VIS spektru nabidnout
spolehlivéjsi a presnéjsi detekei hledaného svaru. Druhd ¢ast pfispévku se zabyva moznosti
méfeni tloustky povlakd pomoci flash pulzni termografie a nasledné vyuziti neuronovych siti
pro odhad tloustky povlakii. Tento zptisob vyhodnoceni by mohl pfinést vyssi pfesnost odhadu
tloustky povlakti nez standardni algoritmy vyhodnoceni. Vysledky experimenti prokazaly
velmi spolehlivou detekci umisténi svaru na termogramu pomoci neuronovych siti. Dale se
ukazalo, ze nasazeni neuronovych siti je mozné i pro odhad tloustky povlakdi pomoci
infraerveného nedestruktivniho testovani pro nékteré typy povlaku.

Kli¢ova slova: infracervené nedestruktivni testovani, termografie, aktivni termografie,
neuronové sité, tloustka povlaki

Abstract

Neural networks are a set of algorithms, loosely inspired by the human brain, designed to
recognize relationships in data. These algorithms are currently being deployed in many
industries to help with hard-to-solve problems. This paper summarizes the use of neural
networks that are currently used at the NTC at the University of West Bohemia in Pilsen for
infrared non-destructive testing. The paper describes the solution of two different unrelated
problems - it deals with finding an object (detection) on a thermogram and it also deals with
predicting the output of a continuous value (regression). Thus, the first part of the paper
describes weld detection on a thermogram, which is used to find the position of a weld on a part
using an IR camera. This solution takes advantage of the differences in emissivity of the weld
compared to non-welded sheet metal and can therefore offer a more reliable and accurate
detection of the weld on its own and especially when combined with a conventional camera in
the VIS spectrum. The second part of the paper deals with the possibility of measuring the
thickness of coatings using flash pulse thermography and the subsequent use of neural networks
to estimate the thickness of the coatings. This method of evaluation could bring higher accuracy



of coating thickness estimation than standard evaluation algorithms. The experimental results
showed a very reliable detection of the weld location on the thermogram using neural networks.
Furthermore, it was shown that the deployment of neural networks is also possible for
estimating coating thickness using infrared non-destructive testing for some types of coatings.

Keywords: infrared non-destructive testing, thermography, active thermography, neural
networks, coating thickness



VYLEPSENA VERZE MODULARNIHO MANIPULATORU ILJA PRO
NEPRIME VIZUALNI INSPEKCE
VERSATILE VISUAL INSPECTION MANIPULATOR ILJA IN AN
IMPROVED VERISON
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Abstrakt

Je pfedstavena nova verze modularniho dalkové ovladaného manipulatoru primarné ur¢eného
pro nepiimé vizudlni kontroly v obtizné piistupnych prostorech, jakymi mohou byt napiiklad
objekty zavalené suti, vnitfek zakopanych potrubi a s volitelnym magnetickym podvozkem
ruzné feromagnetické nadrze. Jsou mozné kamerové prohlidky ve vSech smérech pied
manipuldtorem a pfipojitelné pouzdro umoziuje nést objektiv endoskopu, ktery moznosti
inspekce doplni i o profilometrii.

Kabelem fizené i napajené zatizeni, které je prizpiisobeno pro snadnou vymeénu podvozku dle
typu prostiedi je vybaveno PT kamerou pro hlavni navadéni a pro vlastni kontroly a pomocnou
couvaci kamerou pro navadéni manipulatoru zpét k operatorskému stanovisti. Kryti je
dostateéné pro aplikaci p¥i GpIném kratkodobém ponoieni do malé hloubky. Sasi platformy je
osazeno systémem pro elektrické i mechanické ptipojeni dodateéné vybavy.

Novym pfipojitelnym pfislusenstvim je dalkové ovladané robotické rameno s péti stupni
volnosti urené pro manipulaci s drobnymi pfedméty ve vizualnim rozsahu hlavni kamery.
Ovladani je piimé pomoci rozmérové shodné makety osazené enkodéry. Ridici a napajeci
obvody ramene umoziuji i samostatné pouZziti mimo manipulator Ilja.

Klic¢ova slova: vizualni inspekce, manipulator, robot

Abstract

A new version of Ilja, the modular remote-controlled manipulator is presented. Its main purpose
is an indirect visual inspection in hardly accessible areas such as cave ins and similar irregular
interiors, buried piping and using optional magnetic wheels also various ferromagnetic tanks.
It enables video inspections in all direction in front of the device and an attachable housing
allows to carry an endoscope which complements the inspection with a profilometry.

Modular platform, controlled and powered with an umbilical cable and designed for easy
interchangeability of the undercarriage for various types of terrain is equipped with a PT video
camera used for the main navigation and the inspection itself and an auxiliary rear camera used
for navigating through difficult terrain back to the operator. The housing is sufficient for
operation with a short complete immersion in a small depth. Chassis of the manipulator is fitted
with rails and connectors to electrically and mechanically attach various optional accessory.

A new accessory is a remote controlled five DOF robotic arm intended for manipulation with
small objects in a visual range of the main video camera. The remote controller is a
dimensionally matched model with encoders in all joints. The circuits of the arm and the
controller allow to use it even detached from the Ilja manipulator.

Keywords: visual inspection, manipulator, robot



ZKOUSENI ZELEZNICNiCH KOL, NAPRAV A DVOJKOLI VE
VYROBE A SERVISU POMOCI KONVENCNIHO ULTRAZVUKU
A PHASED ARRAY
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ULTRASOUND AND PHASED ARRAY
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Abstrakt

Zkouseni zelezni¢nich kol ve vyrobé ma jiné pozadavky s ohledem na vyrobni vady, nez
zkouseni zelezni¢nich kol v draznim servisu, kde jsou zkoumany vady vzniklé opotfebenim.
V ptispévku bude pfiblizeno zkusebni zafizeni a metody zkouseni ve vyrobég, pfislusné
pozadavky, typy ultrazvukovych sond a vysledné zaznamy zkouSeni, jaké oblasti jsou
detekovéany. Budou demonstrovany praktické vysledky zkouseni vzorku jak v demontovaném,
tak ve smontovaném stavu a rozdil pii aplikaci phased array sond oproti klasickym
ultrazvukovym sondam. Metoda phased array je aplikovatelna s mezerovou vazbou, metoda
konvenéni s kontaktni nebo mezerovou vazbou. Geometrie povrchu ma vliv na vysledky
meéfeni i na kalibraci a pfipravu kalibra¢nich vzoru.

Kli¢ova slova: Ultrazvukové testovani, Phased Array, Algoritmy zpracovani obrazu, Detekce
trhlin, Inspekce Zelezni€nich sluzeb.

Abstrakt

The testing of railway wheels in production has different requirements with regard to
manufacturing defects than the testing of railway wheels in the railway service, where defects
caused by wear are examined. The article will describe the test equipment and methods of
testing in production, the relevant requirements, the types of ultrasonic probes and the resulting
test records, which areas are detected. The practical results of testing the sample both in the
disassembled and assembled state and the difference in the application of phased array probes
compared to classic ultrasonic probes will be demonstrated. The phased array method can be
applied with gap coupling, the conventional method with contact or gap coupling. The geometry
of the surface affects the measurement results as well as the calibration and preparation of
calibration samples.

Keywords: Ultrasonic testing, Phassed Array, Image processing algorithms, Crack detection,
Railway service inspection.
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TECHNOLOGIE ZPRACOVAN i DAT A OBRAZU U MODERNiCH
ANALYTICKYCH RENTGENOVYCH SYSTEMU

THE TECHNOLOGY OF DATA AND IMAGE PROCESSING IN
MODERN ANALYTICAL X-RAY SYSTEMS

Michal KUBINYT', Jan HORACEK?

'TESTIMA, spol. s r.0., Praha
e-mail: kubinyi@testima.cz
2 ESPERANTO s.r.0., Kosmonosy
e-mail: jhoracek@esperantomb.cz

Abstrakt

Béhem uplynulé dekady se podafilo rozptylit nejistoty ohledné vyuziti digitalni radiografie v
pramyslové praxi. Moderni ploché digitalni detektory zvladly uz pracovat v primyslovém
prostredi a dlouhodobé odolavat davkam zateni, které predchozi srovnatelné analogové
systémy zni€ily. Jednou z hlavnich vyhod digitalniho systému jsou kromé jiného bohatsi
moznosti nastaveni samotné akvizice, ale hlavné moznost lépe zpracovat ziskana data
pouzitim Sirsiho spektra analytickych metod. V ramci tohoto pfispévku chceme probrat jak
zékladni metody analyzy a zpracovani dat v ramci 2D systému, tak i pokrocilejsi metody.
Digitalni 2D snimky jsou diky jejich formé vhodné pro vyuziti velmi Sirokého spektra
nastroju nejen z fady lokalnich, linearnich a nelinearnich metod, ale i riznych kompenza¢nich
pristupl na bazi simulace fyzikalnich jevi, frekvenéni analyzy apod. Snimani celych sad
takovych snimkl nam dale rozsifuje moznosti o Skalu rekonstrukénich a jinych nastrojt, kdy
jsme schopni extrahovat daleko hlubsi informaci rozdélenou do vice snimki a nasledné
vytvofit kompletni 3D model analyzovaného dilu ¢i scény véetné plné informace o
radiodenzité v kazdém bodu. V ramci pokrocilych metod bychom chtéli prezentovat moznosti
rekonstrukce modelu zkoumaného objektu jak z ¢aste¢ného souboru dat, tak z kompletniho
skenu objektu. Spravnou analyzou vyhod jednotlivych metod zpracovani digitalnich dat v
radiografickém obraze chceme ziskat a prezentovat srovnani a moznosti jednotlivych piistupti
k praci s daty digitalnich radiogrami a jejich efektivnimu pouZziti.

Klicova slova: digitalni radiografie, pocitacova tomografie, zpracovani obrazu, zpracovani
dat, rekonstrukce

Abstract

In the last decade we have seen a significant leap in confidence towards the use of digital
radiography systems in industry. Modern flat-panel detectors managed to withstand the harsh
industrial environment and have shown a long-term resistance to the amount of radiation that
were lethal for comparable analog systems. One of the main advantages of modern digital
systems is, among other things, richer options of acquisition settings and the ability to better
process the obtained data using a wider range of analytical methods. We would like to discuss
basic methods for analysis used in a 2D system, but also more advanced topics used in higher
dimensions.

Digital 2D images are due to their nature very suitable for a wide array of tools, not only
linear and nonlinear methods, but also a variety of compensation tools based on physical
phenomena simulation, frequency analysis etc. Capturing whole sets of these images further
expands the toolset to a variety of reconstruction and other methods, with which we are
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capable to extract much deeper information spread over multiple images and then create a
fully 3D model of the analysed object or scene, including a complete information of the radio-
density in each point in space.

We would like to present the reconstruction possibilities of a scanned object, both from a
limited and a full set of projections. By properly analysing the advantages of individual
methods of processing digital radiographic data, we want to obtain and present a comparison
and possibilities of individual approaches to working with digital radiogram and their
effective use.

Keywords: digital radiography, computed tomography, image processing, data processing,
reconstruction
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