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NDT standards are not worth ignoring
Normy NDT se nevyplati ignorovat

Bernard KOPEC
Quality Testing Ultrasound, Bohumin-Zéblati, Czech
Phone: +420 603 432 965, e-mail: b.kopec@email.cz

Abstract

Normalization is understood by many as evil or expensive uselessness. Few entrepreneurs or managers realize that
from cooperation in the creation of standards, the company can gain knowledge that will be encountered in
production or trade only a few years from now, when new technical standards will start to apply and customers
will be required. A technical standard in a developed society with a market economy is no longer a directive, but
a voluntarily accepted beneficial document created on the basis of need and agreement. The contribution is a probe
into the history of technical standards in the field of non-destructive testing, a brief overview of the creation of
NDT standards and a consideration of where we would end up in case of non-compliance with NDT standards.

If standards are ignored, serious problems arise. Manufacturers of machinery and a whole range of establishments
in other fields are in many cases legally obliged to mark their products with the CE mark, to carry out prescribed
mandatory tests according to recognized standards, or engage a third-party notified body in accordance with EU
regulations. There are countries where the requirements of NDT technical standards are mandatory in some fields.
According to a whole series of EU regulations, adopted by the Parliament of the Czech Republic depending on the
product category, certification by a third party is a necessary condition for the manufacturer to demonstrate
compliance with technical standards. By drawing up a declaration of properties according to the prescribed
standards, the manufacturer assumes full responsibility for the conformity of the product with its declared
properties.

Keywords: technical standard, non-destructive testing, declaration of conformity

Abstrakt

Normalizaci leckdo chape jako zlo nebo drahou zbyte¢nost. Maloktery podnikatel nebo manaZzer si uvédomuje, ze
ze spoluprace pii tvorbé norem muze pro firmu ziskat poznatky, se kterymi se ve vyrobé nebo obchod¢ setka az
za nékolik let., kdy zacnou platit a zakazniky budou vyzadovany nové technické normy. Technicka norma ve
vyspé€lé spolecnosti s trznim hospodafstvim uz neni néjaka direktiva, ale dobrovolné piijaty prospésny dokument
vytvofeny na zaklad¢ potieby a dohody. Prispévek je sondou do historie technickych norem z oblasti
nedestruktivniho zkouSeni, stru¢ny ptehled tvorby norem NDT a tvahou kam bychom dosli v piipadé
nedodrzovani norem NDT.

Pokud jsou normy ignorovany, dochazi k vaznym problémim. Vyrobci strojnich a celé fady zfizeni dalSich oborl
maji v fadé piipadi zakonnou povinnost oznacovat své vyrobky znackou CE, provadét pfedepsané mandatorni
zkousky dle uznanych norem, pfip. zapojit notifikovanou osobu tfeti strany v souladu s piedpisy EU. Jsou staty,
kde pozadavky technickych norem NDT jsou v nékterych oborech mandatorni. Podle celé fady natfizeni EU,
prevzaté parlamentem CR v zavislosti na kategorii vyrobki je certifikace tfeti stranou nezbytnou podminkou pro
to, aby vyrobce prokazal shodu s technickymi normami. Vyrobce vypracovanim prohlaseni o vlastnostech dle
ptedepsanych norem piebira plnou zodpovédnost za shodu vyrobku s jeho deklarovanymi vlastnostmi.

Kli¢ova slova: technicka norma, nedestruktivni zkouseni, prohlaseni shody



National NDT certificate registration system
Narodni systém evidence certifikati NDT.

Josef NEUGEBAUER !, Adam NEUGEBAUER 2

' TUV NORD Czech, s.r.o.; Ostrava, Czech
Phone: +420 777 308 170, e-mail: neugebauer@tuev-nord.cz
2 CEZ, a. s. JE Dukovany, Czech
Phone: +420 608 885 591, e-mail: adam.neugebauer@cez.cz

Abstract

In today's digital age, when the use of paper documents is slowly but surely becoming a relic, certification bodies
and, of course, CNDT should not be left out. One of the promising directions is the transfer of NDT personal
certificates to the virtual space. This paper deals not only with the pros and cons of such a system, but above all
has the ambition to propose a functional system of different levels. In this paper, we try to propose the necessary
changes in the certificate registration called data standardization. Furthermore, the assignment of the different roles
of both the Certification Authority staff and the CNDT. And last but not least we explain what all this can be for.
The question remains, however, whether there would be interest in this system in the community of employers and
certificate holders.

Keywords: NDT certificates, records of certificate holders, verification of the scope and validity of the NDT
certificate

Abstrakt

V dnesni digitalizované dobg, kdy se pouzivani papirovych dokumentl stdva pomalu ale jisté piezitkem by neméli
zlstat certifikaéni organy a samoziejmé i CNDT stranou. Jeden z perspektivnich smérii je pfevod personalnich
certifikati NDT do virtualniho prostoru. Tento pfispévek se zabyva nejen plusy a minusy takovéhoto systému, ale
predev§im ma ambici navrhnout funkéni systém riznych Grovni. V ¢lanku se pokouSime navrhnout nezbytné
zmény v evidenci certifikatd tzv. normalizaci dat. Dale pak ptidéleni jednotlivych roli jak Certifikaéniho organu
personélu, tak CNDT. A v neposledni fadé vysvétlujeme, k éemu to viechno miize byt. Otizkou viak ziistava,
zdali by v komunité zaméstnavatell a drzitell certifikati byl o tento systém zajem.

Klic¢ova slova: certifikaty NDT, evidence drziteli certifikattl, ovéfeni rozsahu a platnosti certifikatu NDT



Mechanized full-volume inspection of aerospace composite parts
using digital radiography
Mechanizovana celoobjemova kontrola leteckych kompozitnich dili
pomoci digitalni radiografie

Tom4s BARTAK, Hana SREJMOVA
Advanced Technology Group (ATG s.r.0.)
bartak@atg.cz, srejmova@atg.cz

Abstract:

Honeycomb composite material is widely used in aerospace due to its weight to mechanical properties ratio.
However, there are some defects associated with its manufacture, for the detection of which a volumetric
non-destructive inspection of the whole part is necessary. However, this is time-consuming and
operationally demanding, especially when conventional radiography is used and when the part is complex
in shape. In such cases, rather complicated solutions must be used to ensure that the inspection does not
take a disproportionately long time. It is therefore advisable to use alternative methods and approaches, in
particular digital radiography and mechanisation of the process.

At ATG Ltd. the inspection of the honeycomb composite air duct part is achieved by digital radiography
using a mechanized manipulator. This methodology achieves a full-volume inspection with recording on
digital radiographs with minimal manual handling of the part or detection system required.

Keywords: digital radiography, composites testing, mechanized part handling, full-volume inspection,
aerospace, honeycomb composite material

Abstrakt:

Vostinovy kompozitni materidl je v letectvi hojné vyuzivan kvuli poméru hmotnosti a mechanickych
vlastnosti. S jeho vyrobou se vSak poji nékteré¢ vady, pro jejichz detekci je tfeba provést objemovou
nedestruktivni kontrolu celého dilu. Ta je ovSem Casove a operativné naro¢nd, zejména pii pouziti konvencni
radiografie, a pokud se jedna o tvarové slozity dil. V takovych piipadech je tfeba aplikovat pomérné
komplikovana feSeni, aby kontrola netrvala nepomérné dlouho. Je tedy vhodné pouzit alternativni metody
a piistupy, zejména tedy digitalni radiografii a mechanizaci procesu.

V ATG s.r.o. je kontroly vostinového kompozitniho dilu air duct dosazeno pomoci digitalni radiografie
s vyuzitim mechanizovaného manipuldtoru. Touto metodikou je dosazeno celoobjemové kontroly se
zaznamem do digitalnich radiograml s nutnosti minimalni ru¢ni manipulace s dilem ¢i detekénim
systémem.

Kli¢ova slova: digitalni radiografie, zkouSeni kompoziti, mechanizovana manipulace dilu, celoobjemova
kontrola, letectvi, voStinovy kompozitni material



Ensuring the Validity of Results of NDT Laboratory, Proficiency Testing
Zajistovani platnosti vysledku zkouSek NDT laboratore, zkouseni
zpusobilosti

Vaclav JANDURA

ATG — Advanced Technology Group, s.r.o.
Phone: +420 273 037 627, e-mail: jandura@atg.cz

Abstract

Each testing laboratory, that performs NDT tests according to requirements of EN ISO/IEC 17025, shall have
established procedures for monitoring of test results. The laboratory uses for monitoring both, internal
procedures/approaches as retesting with different equipment or various persons, other NDT methods, etc., and the
participation in inter-laboratory comparisons and proficiency testing. Most important data for a performance
monitoring in the laboratory can be obtained from participating in international programs of proficiency testing
that are organized by providers with accreditation acc. to EN ISO/IEC 17043. The new version of the standard EN
ISO/IEC 17043:2023 has been published in 2023. The meaningful changes established in this new edition are
stated in the presentation.

The performing of inter-laboratory comparisons shall be done with the respect of minimal basic rules that are in
the presentation stated too.

Organized programs of proficiency testing are announced not only for standard test methods and techniques, but
following market demand also for UT-P.A., UT-TOFD, RT-DR techniques and for testing of castings, forgings
(not only welds).

Keywords: validity of test results, NDT laboratory, inter-laboratory comparisons, proficiency testing

Abstrakt

Kazda zkusebni laboratof, kterd provadi NDT zkousky v souladu s pozadavky EN ISO/IEC 17025, musi mit
zavedeny postupy pro monitorovani vysledki zkousek. K monitorovani laboratof vyuziva jak interni
postupy/piistupy jako je napf. opakovani zkousek s riznym piistrojovym vybavenim nebo riznymi pracovniky,
jinymi NDT metodami apod., tak i u€asti v mezilaboratornich porovnavacich zkouskach a zkous$eni zpisobilosti.
zkouseni zpusobilosti organizovanych u poskytovatell akreditovanych dle EN ISO/IEC 17043. V roce 2023 byla
publikovana nové verze normy EN ISO/IEC 17043:2023. V piispévku jsou uvedeny nejvyznamnéjsi zmény
zavedené v novém vydani.

Provadéni mezilaboratornich porovnavacich zkousek musi respektovat minimaln¢ zakladni pravidla, ktera jsou v
prispévku téz uvedena.

Organizované programy zkouseni zpUsobilosti jsou vyhlasovany nejen pro standardni zavedené metody a
techniky, ale v navaznosti na poptavkach trhu, i pro techniky UT-P.A., UT-TOFD, RT-DR a zkouseni odlitku,
vykovku (nejen svart).

Kli¢ova slova: platnost vysledkti zkousek, NDT laboratof, mezilaboratorni porovnavani, zkouseni zptsobilosti



Automatic defect recognition systems in NDT
Systémy automatického rozpoznavani vad v NDT

Miroslav SNIRER ¥, Jakub NOVAK 2, Radek SALAC !

! Advanced Technology Group, ATG s.r.0.; Prague, Czech Republic,
2 Faculty of Informatics, CVUT; Prague, Czech Republic,
*Corresponding author, e-mail: snirer@atg.cz

Abstract

The automation of decision-making processes in the field of non-destructive testing (NDT) is currently
experiencing dynamic progress thanks to the rapid development of new efficient algorithms based on artificial
intelligence (neural networks). Automatic Defect Recognition (ADR) development at ATG s.r.0. is applied mainly
to the surface defect inspection methods that evaluate indications based on visual interpretation - visual, capillary,
and magnetic particle testing. Capturing image data using camera systems, extracting relevant information, and
subsequently evaluating the condition of tested parts (OK/NOK) replace the need for manual indication
assessment, reduce costs, and enhance flexibility. Automated detection also demonstrates higher accuracy, speed,
and reliability, thereby increasing the overall efficiency of visual NDT testing. Real-time indication assessment
allows for the integration of the ADR system directly into production or inspection lines. The current trend of
digitization and automation, coupled with the constant dynamic development of artificial intelligence, brings a
wider range of conditions and environments in which ADR can be practically applied, ensuring its broad utilization
in current and future industrial and inspection applications.

The lecture aims to introduce the basic principles of automatic defect (or indication) detection using machine
vision and automatic evaluation with the use of artificial intelligence, as well as the advantages and disadvantages
of such a system. In the next part, then outline the development of ADR in ATG s.r.o0., as well as the deployment
process of ADR in MPI and FPI into operation, and introduce the audience to some real applications.

Keywords: Defectoscopy 2023, article, abstract, non-destructive testing (NDT), magnetic particle inspection,
MPI, fluorescent penetrant inspection, FPI, Automatic Defect Recognition, ADR, neural networks, deep learning

Abstrakt

Automatizace rozhodovacich procest v oblasti nedestruktivniho testovani ADR (Automatic Defect Recognition)
zaziva v soucasné dobé dynamicky pokrok diky rychlému rozvoji novych efektivnich algoritmi zalozenych na
baze umélé inteligence (neuronové sit€). Systém automatické detekce defekti (ADR) vyvijeny v ATG s.r.o. byl
aplikovan zejména na inspekéni metody povrchovych vad materialti, které vyhodnocuji indikace na zakladé
vizualni interpretace - vizudlni, kapilarni a magnetické praskové testovani. Snimani obrazovych dat pomoci
kamerovych systému a extrakce relevantnich informaci s nasledovnym vyhodnocenim stavu testovanych dilt
(OK/NOK) nahrazuje potfebu manualniho vyhodnoceni indikaci, snizuje naklady a zvySuje flexibilitu.
Automatizovana detekce taky vykazuje vyssi presnost, rychlost a spolehlivost co zvySuje celkovou efektivitu
vizualniho NDT testovani. Vyhodnoceni indikaci v redlnem ¢ase umoziuje integraci ADR systému piimo do
vyrobni anebo inspekéni linky. Soucasny trend digitalizace a automatizace spolu s neustalym dynamickym
vyvojem umélé inteligence pfinasi $irsi spektrum podminek a prostedi, v kterém miize byt ADR vyuzité, co mu
prakticky garantuje Siroké uplatnéni v soucasnych i budoucich primysinych a inspekénich aplikacich.

Pfednaska ma za cil ptedstavit zakladni principy automatické detekce vad (nebo indikaci) pomoci strojového
vidéni a automatického hodnoceni s vyuzitim umélé inteligence, stejné jako vyhody a nevyhody takového systému.
V nasledujici ¢asti pak nastini vyvoj ADR v ATG s.r.o. a také proces nasazeni ADR v MPI a FPI do provozu a
piedstavi posluchactim nékteré skuteéné aplikace.

Kli¢ova slova: Defektoskopie 2023, ptispévek, abstrakt, nedestruktivni testovani (NDT), magnetické praskové
testovani, MT, fluorescenéni penetracni testovani, PT, automatické detekce defektti, ADR, neuronové sité, hluboké
uceni



Application of Robotic Systems for NDT
Aplikace robotickych systémi pro NDT

Radek SALAC, Miroslav SNIRER*, Mohamed BENSALEM

Advanced Technology Group, ATG s.r.0.; Prague, Czech Republic,
*Corresponding author, e-mail: snirer@atg.cz

Abstract

In today's industrial and manufacturing environment, automation is gaining increasing importance, including in
the field of non-destructive testing (NDT). The investigation of internal and surface defects, as well as irregularities
within materials without causing any damage to the tested objects, is pivotal role in ensuring the integrity, safety,
and reliability of materials, components, and structures. The use of robots and automated systems in NDT offers
significant advantages over traditional methods. Consistent accuracy, the ability to access complex or hazardous
environments, ensuring of a consistent coverage of inspection areas, reducing human error, speed, and continuous
operation are just some of the benefits that automation provides.

The presentation focuses on the applications of robotics systems developed at ATG s.r.o. for various NDT
techniques. We present their advantages and potential that these systems bring to non-destructive testing and how
they can improve the efficiency, safety, and quality of this crucial industry.

Keywords: Defectoscopy 2023, article, abstract, non-destructive testing (NDT), testing, robotic systems,
ultrasonic, magnetic particle, eddy currents, visual inspection, vision, handling, manipulation, industry 4.0, bin
picking, aerospace, automotive, immersion

Abstrakt

V dne$nim primyslovém a vyrobnim prostfedi ziskdva automatizace stale vétsi vyznam, a to vetné oblasti
nedestruktivniho testovani (NDT). Inspekce vnitinich a povrchovych vad a nehomogenit v materidlech bez
poskozeni testovanych objektti ma klicovy vyznam pro zajisténi integrity, bezpe¢nosti a spolehlivosti materiald,
komponent a konstrukci. Vyuziti robotli a automatizovanych systému v NDT piinasi zna¢né vyhody oproti
tradi¢nim metodam. Konzistentni pfesnost, schopnost prace v naroénych nebo nebezpecnych prostiedich, zajisténi
konzistentniho pokryti oblasti inspekce, snizeni lidské chyby, rychlost a nepfetrzitost provozu jsou jen nékteré z
benefitl, které robotizace nabizi.

Prezentace se zamé&fuje na aplikace robotickych systémi vyvinutych ve spole¢nosti ATG s.r.o0. pro riizné techniky
NDT. Predstavujeme jejich vyhody a potencial, ktery tyto systémy piinaSeji do nedestruktivniho testovani, a jak
mohou zlepsit efektivitu, bezpecnost a kvalitu této kli¢ové primyslové oblasti.

Klicova slova: Defektoskopie 2023, piispévek, abstrakt, nedestruktivni testovani (NDT), testovani, robotické
systémy, ultrazvuk, magnetické praskové testovani, vifivé proudy, vizualni inspekce, zobrazovani, manipulace,
pramysl 4.0, odebirani dilt z kose, letectvi, automobilovy primysl, ponofeni



On the Question of Determining the Elastic Modulus of Metals During
Dynamic Indentation
K otazce urceni modulu pruznosti kovi pri dynamické indentaci
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Abstract

Industry places high demands on used metals and alloys, the quality of which is judged by their physical and
mechanical characteristics. One of the most important physical and mechanical parameters of metals and alloys is
their elastic modulus. Determination of the elastic modulus using tensile tests or instrumental indentation requires
cutting samples for laboratory experiments. Dynamic indentation allows to determine hardness numbers directly
on large objects using the Leeb method. At the same time, the hardness number depends on the elastic modulus.

To date, there are no devices and systems that implement the method of dynamic instrumental indentation,
however, the above mentioned allows us to set the task of modifying the the transducer according to the Leeb
method to measure the elastic modulus. Modelling, calculations and experiments showed that for the modernised
Leeb transducer it is possible to obtain classical dependences of contact load P on the displacement of the impactor
h and calculate the dissipated impact energy, elastic impact energy and contact pressure.

The obtained data set of the alternating EMF signal e(?) was converted to the velocity value v(?) using the
proportionality coefficient k. The time dependence of the impactor acceleration a(?) was determined by
numerically differentiating v(?) by time. The contact load of impact interaction P(?) was obtained by multiplying
the acceleration by the known value of the impactor mass m = 5.44 g. The integral v(¢) gives the impactor
displacement /(). The following data was obtained from the P(h) relationships: the reduced modulus of elasticity
E; and the elastic modulus during indentation E;r. Maximum test load Fua, maximum indentation depth /imax,
residual indentation depth after removal of the test load 4, depth 4, determined by the point of intersection of the
tangent to the unloading curve at Fiax with the axis of displacement /. From these data, the indentation depth of
the tip into the test sample at Fiuax /i, the cross-sectional area of the tip at a distance /. from the vertex 4,(hc), the
ductility at the point of contact C, the reduced modulus of elasticity £, and the elastic modulus during indentation
Eirwere calculated. When calculating /4, was used the coefficient ¢ equal to 0.75, since the impactor has a spherical
indenter with a radius of 1.5 mm.

The experimental results, reference values of the elastic modulus of the studied alloys and their comparison
are presented in Table.

Test results

Elastic modulus during indentation E;, MPa
Test number
steel steel bronze
Parameter Value
Mean value, GPa 153 136 84
Reference value of elastic modulus, GPa 204 204 106
Absolute error, GPa 51 68 22
Relative error, % 25 33 21

The obtained results demonstrate a correlation of the measured values with reference data, but a significant
systematic deviation is observed. The reason for this may be both errors in measuring the primary parameters P(2)
and 4(2), and the use of the technique for analyzing the dependences P(h), adopted for static instrumental
indentation. These problems can be solved by increasing the accuracy of measuring primary parameters by
analyzing the actual dimension of the received indentation, as well as developing a technique for analyzing the
dependences P(h) considering the dynamic nature of the interaction. The result of the research can be considered
confirmation of the possibility of using dynamic indentation to determine the mechanical properties of materials,
however, to improve the accuracy of the method, additional research is required, which will also be discussed in
the paper.

Keywords: elastic modulus, dynamic indentation, Leeb method



Abstrakt

V primyslu jsou kladeny vysoké naroky na pouzité kovy a slitiny, jejichz kvalita se posuzuje podle jejich
fyzikalné-mechanickych vlastnosti. Jednim z nejdtilezitéjsich fyzikalné-mechanickych parametrii kovi a slitin je
jejich modul pruznosti. Uréeni modulu pruznosti tahovymi zkouskami nebo metodou instrumentalni indentace
vyzaduje vyfezani vzorkt k provedeni experimentl v laboratornich podminkach. Dynamicka indentace umoziuje
ur¢it hodnoty tvrdosti pfimo na objemnych objektech pomoci Leebovy metody. Pfitom hodnota tvrdosti zavisi na
modulu pruznosti.

K dnesnimu dni nejsou pfistroje nebo systémy, které by realizovaly metodu dynamické instrumentéalni
indentace, ov§em vyse uvedené nam umoziuje stanovit kol modifikace sondy podle Leebovy metody pro méfeni
modulu pruznosti. Provedena modelovani, vypocty a experimenty ukazaly, Ze pro modernizovanou sondu Leeb je
mozné ziskat klasické zavislosti kontaktniho zatizeni P na pfemisténi narazového télesa / a vypocitat rozptylenou
energii narazu, elastickou energii narazu a kontaktni tlak.

Vysledné mnozstvi dat signalu stfidavé EMS e(?) se prepocitava na hodnotu rychlosti v(?) za pouziti
koeficientu umérnosti k. Casové zavislost nérazového télesa a(#) na &ase se uréuje prostiednictvim numerické
derivace v(#) podle ¢asu. Kontaktni zatiZeni ndrazové interakce P(?) bylo ziskano vynasobenim zrychleni znamou
hodnotou hmotnosti narazového télesa m = 5,44 g. Integral v(z) udava premisténi narazového télesa A(?). Ze
zavislosti P(h) byly ziskany nasledujici Gidaje: redukovany modul pruznosti £,a modul pruznosti pfi indentaci Err.
Maximalni zku$ebni zatizeni Fina, maximalni hloubka indentace /mar, zbyvajici hloubka vtisku po uvolnéni
zkuSebniho zatizeni 4, hloubka /., urena prisecikem tecny ke kiivce uvolnéni pfi Fiax s 0sou pfemisténi /. Na
zékladé¢ téchto udajl byly vypoc¢itany hloubka vtisku hrotu do zkusebniho vzorku pti Finax A, plocha prafezu hrotu
ve vzdalenosti hc od vrcholu Ay (h,), taznost v misté kontaktu C, redukovany modul pruznosti £ a modul pruznosti
pii indentaci Eir. Pti vypoctu ki byl pouzit koeficient €, rovny 0,75, protoze narazové téleso ma kulovy indentor
s polomérem 1,5 mm.

Vysledky experimentu, referen¢ni hodnoty modulu pruznosti zkoumanych slitin a jejich srovnani jsou
uvedeny v tabulce

Vysledky zkousek
5 Modul pruznosti pfi indentaci E;, MPa
Cislo zkousky
ocel ocel bronz
Parametr Hodnota

Stiedni hodnota, GPa 153 136 84
Referencni hodnota modulu pruznosti, GPa 204 204 106
Absolutni odchylka, GPa 51 68 22
Relativni odchylka, % 25 33 21

Ziskané vysledky demonstruji korelaci méfenych hodnot s referenénimi daji, je vSak pozorovana
vyznamna systematicka odchylka. Divodem mohou byt jak chyby v méfeni primarnich parametri P(?) a h(2), tak
pouziti metodiky analyzy zavislosti P(h), pfijaté pro statickou instrumentalni indentaci. Tyto problémy lze fesit
zvySenim piesnosti méfeni primarnich parametrd analyzou skuteénych analyzou faktickych rozméra ziskanych
vtiskl a také vyvinutim metodiky analyzy zavislosti P(h) s ptihlédnutim k dynamické povaze interakce.
Vysledkem zkoumani lze povazovat potvrzeni moznosti vyuziti dynamické indentace pro uréeni mechanickych
vlastnosti materiald, nicméné pro zlepSeni pfesnosti metody je nutny dalsi vyzkum, o kterém bude také pojednano
v prednasce.

Kli¢ova slova: modul pruznosti, dynamicka indentace, Leeb metoda



SKODA JS — 40 let automatizovaného nedestruktivniho zkouseni na
jadernych elektrarnach typu VVER
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Abstrakt

Provozni kontrolou tlakové nadoby jaderného reaktoru 2. bloku elektrarny V-1 (EBO) v roce 1982 byla zahajena
ve firmé SKODA Plzefi etapa automatizovaného nedestruktivniho zkougeni na jadernych elektrarnach typu VVER.
SKODA JS a.s. dnes pouziva fadu manipulatort pro automatizované nedestruktivni zkouseni tlakovych nadob
reaktort (véetné vika a komponent hlavniho pfirubového spoje), parogeneratort (hlavné teplosménnych trubek),
hlavniho cirkula¢niho potrubi a vnitinich ¢asti reaktorti typu VVER.

Struéné historie a zejména soucasny stav systémii pouzivanych SKODA JS a.s. pro automatizované nedestruktivni
zkouseni tlakovych nadob jadernych reaktorti z obou povrchil jsou hlavni ndplni piispévku.

Kli¢ova slova: tlakova nadoba, jaderna elektrarna, potrubi



Prospects of Non-destructive Testing in the field of Impact Dynamics and
High-speed X-ray Imaging from a Scientific Perspective

Vyhledy nedestruktivniho testovani v oblasti razové dynamiky a rychlého
rentgenového zobrazovani z védeckého pohledu

Tomés FILA, Jan FALTA, Jan SLEICHRT, Petr KOUDELKA, Nela KRCMAROVA
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Abstract

Dynamic and impact loading is present in many real-world applications encompassing engineering fields such
as vehicle production, civil engineering, aerospace, or naval industry. It is well known that behaviour of materials
and their mechanical parameters significantly differ with increasing strain rate. Many critical defects and failures
develop under dynamic conditions. Therefore, it is essential to analyse materials and products at relevant
conditions. Analysis during dynamic impacts is particularly demanding because of very short duration of the
events, typically in the order of micro or milliseconds. Conventionally, the damage analysis is performed post
impact, which complicates characterization of the damage mechanism, for instance: when it occurred, at which
strain and stress, or how it developed during the impact. Nowadays, it is possible to employ experimental
techniques allowing for advanced analysis with high temporal resolution through time-synchronized mechanical
data records and images taken by high speed camera. It is, however, still problematic to use methods well-
established in standard defectoscopy such as X-ray imaging, particularly because of short exposure times.
Sufficient temporal resolution to analyse impacts through X-rays can be reached in particle accelerators that is,
however, not a suitable method for industrial applications because of its limited availability and high costs.
Combination of laboratory based dynamic testing and fast X-ray imaging with foreseen industrial applications is
a part of research in the DynLab at the Faculty of Transportation Sciences, Czech Technical University in Prague.

In the contribution, an overview of the in-house developed experimental equipment for dynamic testing,
including gas-gun, split Hopkinson bar and device with linear motors, is given. Performance and capabilities of
the devices are demonstrated on case studies with a variety of materials, e.g., metal alloys, 3D printed structures,
foams, or building materials. Special attention is paid to optical imaging using high-speed cameras. State-of-the-
art methods for internal damage analysis using high speed X-ray radiography and computed tomography are
presented. For such a purpose, the impact testing devices are being combined with laboratory-based high-power
X-ray tube and a flash X-ray system generating extremely short and intensive bursts of X-rays with duration of 20
ns. The systems are being used to perform X-ray radiography at frame rates ranging from hundreds to dozens of
thousands images per second. Foreseen potential of the techniques related to industrial and commercial
applications is discussed as the methods can be used for complex in-situ analysis of material behaviour, damage
development, and internal defects identification under dynamic conditions.

Keywords: high-speed X-ray imaging, impact dynamics, intermediate and high strain rate, split Hopkinson bar,
defect identification and analysis

Abstrakt

Dynamické a razové zatizeni se vyskytuje v celé fadé realnych aplikaci zasahujicich do inzenyrskych odvétvi
jako je automobilovy primysl, stavebnictvi, letectvi nebo lodni primysl. Je znamym faktem, Ze chovani materialti
je silné zavislé na rychlosti deformace. Cela fada strukturalné kritickych defekti a poskozeni se v konstrukci
vytvoii pisobenim dynamického zatizeni. Z tohoto divodu je nutné provadét analyzu pouzitych materiali a
konstrukci za realnych podminek. Analyza zahrnujici dynamické razy je zvlasté naro¢na z toho diivodu, ze typické
doby razu jsou pouze v fadu mikro az milisekund. Standardné je proto analyza poskozeni provadéna az po
samotném razu, coz znaéné komplikuje moznosti charakterizace mechanismu poskozeni, jako napiiklad urceni
doby jeho vzniku, za jakych podminek zatizeni nastalo a jak se béhem razu vyvijelo. V soucasné dob¢ je mozné
pouzit experimentalni metody umoziiujici pokrocilou analyzu s vysokym &asovym rozliSenim, a to s vyuZzitim
Casoveé synchronizovanych datovych zdznamii a snimkl z vysokorychlostni kamery. Stile je nicméné
problematické pouzivat metody dobie zavedené ve standardni defektoskopii, jakou je napiiklad rentgenova
radiografie, a to zejména kvuli nutnosti dosahovat velmi kratkych expozi¢nich ¢asti snimkii. Dostatecné casové
rozliSeni pro analyzu dynamickych razi je mozné ziskat v urychlovacich ¢astic. Tato metoda je ovSem pro



prumyslové pouziti nevhodnd z divodu $patné dostupnosti a finanéni nakladnosti. Kombinace laboratornich
zafizeni pro dynamické testovani a pro rychlé rentgenové zobrazovani s potencialem prumyslového vyuziti je
v soudasné dob& predmétem vyzkumu v laboratofi DynLab na Fakulté dopravni Ceského vysokého udeni
technického v Praze.

V ramci piispévku bude predstaveno experimentalni vybaveni pro dynamické testovani vlastni konstrukce,
jmenovité vzduchové délo, délena Hopkinsonova ty¢ a zatéZovaci zafizeni na bazi linearnich motord. Vykony a
technické moznosti zafizeni jsou demonstrovany na realizovanych piipadovych studiich sfadou riznych
materialt, napfiklad kovovych slitin, 3D tisténych struktur, pén nebo stavebnich materialti. Diiraz je kladen na
aplikaci optickych metod s vyuzitim rychlobézné kamery. Pokroc¢ilé metody pro identifikaci a analyzu vnitinich
poskozeni pomoci vysokorychlostni rentgenové radiografie a vypoctové tomografie jsou rovnéz prezentovany. Za
timto ucelem jsou laboratorni zatézovaci zafizeni pro testovani razem kombinovéana s konvenéni rentgenkou
s vysokym vykonem a dale se zableskovym rentgenovym zdrojem produkujicim extrémné intenzivni a kratké
pulzy rentgenového zaieni s dobou expozice 20 ns. Tyto systémy jsou pouzivany pro provadéni rentgenové
radiografie pii rychlosti snimkovani v fadu stovek az desitek tisic snimkil za sekundu. V pfispévku je rovnéz
nastinén potencial téchto technik pro primyslové a komeréni vyuziti, kdy zminéné metody mohou byt vyuzivany
pro pokrocilou analyzu chovani materiali, vyvoje poskozeni a identifikaci vnitinich defekti pfi pusobeni
dynamického zatizeni.

Kli¢ova slova: vysokorychlostni rentgenové zobrazovani, razova dynamika, stfedni a vysoké rychlosti deformace,
délena Hopkinsonova ty¢, identifikace a analyza poruseni

Figure 1 — Dynamic loading device with linear motors and high power X-ray tube for testing at intermediate strain rates (left);
Flash X-ray radigraphy image taken with exposure time of 20 ns showing damage in closed-cell aluminium foam penetrated
in a split Hopkinson bar at velocity of approximately 15 m/s (right).

Obrazek 1 - Dynamické zatézovaci zarizeni na bazi linedrnich motorii a rentgenka s vysokym vykonem pro testovani za
stiednich rychlosti deformace (vlevo); Snimek ze zableskového rentgenového zdroje s expozicnim casem 20 ns zobrazujici
poskozeni v kovové péné s uzavienymi pory béhem rdzového penetracniho experimentu v délené Hopkinsonové tyci (vpravo).
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Abstract

With the emergence of dissimilar friction stir welding (FSW) as a cutting-edge joining technique used in
manufacturing, damage quantification and localization in FSW structures are becoming increasingly important.
This paper presents a machine learning-based approach for damage quantification and localization within the
welding region of an FSW plate, using one sensing point away from the weld line. Ultrasonic-guided waves are
used (namely Lamb waves) to scrutinize an FSW plate consisting of two dissimilar aluminum subplates welded
together (A7020 and A6020 alloys). After introducing artificial damages to the welded region (weights of multiple
sizes fixed to the plate, one at a time, using sealant gummy tapes), actuation is performed using a piezoelectric
sensor. Out-of-plane velocity signals (around 2,000 data points), collected using a Laser Doppler Vibrometer
(LDV) for different sizes and locations of the artificial damage, are used to train two machine learning models: an
artificial neural network that outputs the size of the damage given the velocity signal, and a linear regression model
that outputs the location of the damage given its size and the velocity signal. Results indicate high accuracies, up
to 100%, of the size predictions and reliable predictions of the damage location, albeit using signals from a single
sensing point. The results illustrate the effectiveness of quantifying and localizing the damage on the welding line
of an FSW structure based on many features of signals captured at one sensing point. The proposed approach
provides a framework for assessing FSW structures in the scope of structural health monitoring. Future work may
consider improving the damage size prediction model and considering the case of multiple-damage occurrence. A
further study could also assess the effect of adding one or more sensing points on the robustness of the models.

Keywords: Damage quantification, Machine learning, Localization, Multiple linear regression.



Story Czech non-destructive structuroscopy
Z historie ¢eské nedestruktivni strukturoskopie
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Abstract

Non-destructive testing consists of defectoscopy and structoscopy. The paper presents the Czech instrumental
history of electromagnetic structoscopy since the fifteenth years of twenty centuries. Comparaing very simple
aparatus of SK series; Electron FEROSKOP as a predecessor of Foerster's Q-Magnet test. Quasi-static pulsed
REMAGs with sheath wire reels. Highly productive and inexpensive MELVIS multi-frequency systems; The
DOMENA series of battery-powered mobile devices based on the magnetic spot principle. TELIT series of
combined structuroscopes (MT+UT). Magnetic Acceptive Testing (STALEMAT). Piece of knowledge from
application, current status.

Keywords: Nondestructive structuroscopy, electromagnetic method, Czech apparatus, story.

Abstrakt

Nedestruktivni testovani tvoii defektoskopie a strukturoskopie. Pispévek predklada ceskou pristrojovou historii
elektromagnetické strukturoskopie od padesatych let 20. stoleti. Komparaéni velmi jednoduché piistroje fady SK;
Elektronkovy FEROSKOP jako predchiidce Foersterova Q-Magnatestu. Kvazistatické impulzni REMAGy s
ptiloznymi civkami. Vysoce produktivni a levné multifrekvenéni systémy MELVIS. Bateriova fada mobilnich
pristrojd DOMENA na principu magnetické skvrny. Rada kombinovanych strukturoskopti (MT+UT) TELIT.
Magnetické adaptivni testovani (MAT). Poznatky z aplikaci, soucasny stav.

Kli¢ova slova: Nedestruktivni strukturoskopie, elektromagneticka metoda, ceské pfistroje, historie.



Automatizovana inspekce bodovych svari pomoci laserové termografie
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Abstrakt

Tématem prednasky je novéa nedestruktivni technika pro testovani odporovych bodovych svart, ktera spociva v
laserovém zahiivani okoli svaru za soub&zného snimani procesu termografickou kamerou. Jsou piedstaveny
zakladni principy inspekce, zplsob provedeni, postup vyhodnoceni a primyslova implementace metody.
Verifikace inspekce pomoci laserové termografie prokazala dobrou shodu s destruktivnimi méfenimi a tato metoda
tak byla uspésné zaclenéna do plné automatizované robotické zkusebni linky, coz umoziuje jeji efektivni nasazeni
ve vyrobe.

Kli¢ova slova: odporové svary, laser, termografie, NDT



MoZnosti detekce koroze uvnitf potrubi metodou Magnetické paméti kovi
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Abstrakt

V pribéhu exploatace potrubnich systému v energetickych, zejména chemickych a petrochemickych provozech
dochazi k jejich degradaci vlivem provoznich podminek, na jejichz zakladé se snizuje doba jejich realné
funkénosti. Jednim z faktort, které velmi vyraznym zplsobem snizuji planovanou zivotnost potrubi je obecné
koroze. Tato koroze plisobi v riznych formach jak plo$né, tak i lokalné. Korozi procesy mohou dale plisobit na
vngjsi 1 vnitini strané potrubi. Kontrola stavu povrchu potrubi z vngjsi strany je pomémé jednoducha a snadno
dostupna. Naproti tomu kontrola koroze na vnitinim povrchu je velmi komplikovand a vizualné prakticky
nemozna. Proto pro zjistovani koroze na vnitini strané potrubi jsou vyvijeny a pouzivany metody nedestruktivniho
zkouseni. K zakladnim NDT metodam patii rentgen a ultrazvuk. Pomoci téchto metod muize byt zjistovan Gbytek
tloustky stény potrubi vlivem koroznich podminek. Jednou z nové vyvinutych metod se jevi metoda Magnetické
paméti kovi (Metal Magnetic Memory Method — MMM), ve zkratce MPK. Detailni informace o této metod¢ jsou
popsany v normach CSN ISO 24497-1 a CSN ISO 24497-2.

Kli¢ova slova: magnetickd pamét’, koroze, Metal Magnetic Memory Method, potrubi



Non-destructive testing of pipes with CIPP liner filling
Nedestruktivni testovani potrubi s vyplni vystylky CIPP
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Abstract

Non-destructive testing of cured-in-place pipe (CIPP) is an important procedure for verifying the integrity and
quality of newly installed or renovated pipes using CIPP technology. This technology is often used to repair or
build pipelines, especially sewer and sewer systems. Testing ensures that the liner liner (CIPP) has been
successfully installed and that the pipe will perform its function reliably without the need for further repairs. Next,
we will present some possibilities of using non-destructive testing methods. After the CIPP is installed, a camera
is inserted into the pipe to allow visual inspection of the liner fill. This can identify any defects, tears or other
problems in the CIPP material. Compressed air or water testing is used to verify that the mattress pad can withstand
pressure. The pipe is filled with air or water under a certain pressure and then monitored for leaks or deformations.
Acoustic methods are used to detect cracks or leaks in pipes. Special sensors can pick up sound signals emitted by
leaking liquids. The magnetic resonance method uses magnetic resonance to examine the condition of the lining
fill and pipe walls. It provides detailed information about the material and the quality of the installation. Ultrasonic
probes can be used to inspect CIPP for cracks, faults or variations in material thickness. X-rays or gamma rays can
be used to obtain detailed images of the inside of the pipe and the lining fill. The choice of appropriate methods
depends on the specific situation and project requirements. Non-destructive testing is essential to ensure the safety
and functionality of CIPP lined pipelines and reduces the need for additional repairs and maintenance.

Keywords: CIPP (Cured-In-Place Pipe), Non-Destructive Testing (NDT), acoustics, ultrasound, X-ray

Abstrakt

Nedestruktivni testovani potrubi s vyplni vystylky CIPP (Cured-In-Place Pipe) je dulezity postup pro ovéfeni
integrity a kvality nove instalovanych nebo renovacnich potrubi s vyuzitim technologie CIPP. Tato technologie se
Casto pouziva k opravam nebo vystavbé potrubi, zejména kanaliza¢nich a stokovych systémtl. Testovani umoziuje
zajistit, ze vypli vystylky (CIPP) byla Gspé$né nainstalovana a Ze potrubi bude plnit svou funkci spolehlivé a bez
potieby dalsich oprav. Dale uvedeme nékteré moznosti pouziti metod nedestruktivniho testovani. Po instalaci CIPP
se do potrubi vklada kamera, kterd umoziuje vizualni inspekci vyplné vystylky. Tim lze identifikovat pfipadné
chyby, trhliny nebo jiné problémy v materialu CIPP. Testovani tlakovym vzduchem nebo vodou se pouziva k
ovéfeni, zda vypli vystylky odolava tlaku. Potrubi se naplni vzduchem nebo vodou pod urcitym tlakem, a poté se
sleduje, zda dochazi k unikim nebo deformacim. Akustické metody se pouzivaji k detekei trhlin nebo uniki v
potrubi. Specialni senzory mohou zachytit zvukové signaly vydavané unikajicimi kapalinami. Metoda magnetické
rezonance vyuziva magnetické rezonance k prozkoumani stavu vyplné vystylky a stén potrubi. Poskytuje podrobné
informace o materidlu a jakosti instalace. Ultrazvukovymi sondami 1ze provadét inspekci CIPP na pfitomnost
trhlin, poruch nebo odchylek v tloust’ce materialu. Rentgenové nebo gama paprsky mohou byt pouzity k ziskani
podrobnych obrazli vnittku potrubi a vyplné vystylky. Vybér vhodnych metod zavisi na konkrétni situaci a
pozadavcich projektu. Nedestruktivni testovani je zasadni pro zajisténi bezpecnosti a funkénosti potrubi s vyplni
vystylky CIPP a snizuje potiebu dalSich oprav a udrzby.

Kli¢ova slova: CIPP (Cured-In-Place Pipe), nedestruktivni testovani (NDT), akustika, ultrazvuk, rentgen



The importance of low weight portable X-ray equipment

Henrik BONVIG

Comet Technologies Denmark A/S, Taastrup, Denmark
Phone: +45 72 40 77 00, e-mail: Henrik.Bonvig@comet.tech

Abstract

Efficiency and through put becomes and more important competitive parameter within NDT. The new ECO series
low weight portable X-ray systems from Comet Technologies Denmark A/S enables a higher throughput within
the field of portable X-ray without compromising product quality or safety.

The weight of a portable X-ray tube head has significant impact on the workflow in X-ray field inspection because
reposition, manipulation and fixture of the tube head is a significant part of the workflow.

Physical wear on the workforce is quite common among NDT operators caused through handling of heavy
equipment in difficult environments and confined spaces. With low weight portable X-ray equipment, the number
of in-active days are decreased which then increase efficiency of the available workforce.

Keywords: NDT, X-ray, equipment, quality



Nové metody Phased Array
New methods of Phased Array

Ing. Stanislav Starman, Ph.D.
STARMANS electronics, s.r.o0, starmans@me.com

Abstract

Phased Array methods are developing thanks to ever new testing requirements. In testing, there is an increasing
demand for defect imaging and simplification of calibrations, which take up a significant amount of test time. It is
critical, therefore, that the software equipment simplifies the calibration and measurement work as much as
possible. In this paper I describe the application of Phased Array for manual and automated testing of railway
wheels, rings, railway wheel-sets, railway axles according to EU standards, GOST, AAR. (And other products,
welds and composites) Methods are manual and automated testing.

I give an example of the discrepancy between the results of testing by conventional UT, PA, and at different
frequencies 2 MHz, 4 MHz.

Next are progressive holography methods where neither near-field or beam focus is used, and a complete
reconstruction of the signal in area and volume is performed.

A new method using sequential transmission by individual transducers and reception by all transducers to a matrix
of points in space with post-processing allows calibration of attenuation in the volume of the test article and display
of the actual size and shape of defects. The advantage is high resolution throughout the test volume, no need to
work with DAC curves or beam focus. The disadvantage is the static measurement.

Keywords: Defectoscopy 2023, Phased Array, Ultrasonic equipment, non-destructive testing (NDT)

Abstrakt

Metody Phased Array se vyvijeji diky stale novym pozadavkim zkouseni. Pfi zkouSeni je stale vétsi diraz na
zobrazeni vad a zjednoduseni kalibraci, které zabiraji vyznamnou ¢ast ¢asu zkousky. Proto je dilezité, aby SW
vybaveni maximalné zjednodusilo praci pii kalibraci a pii méfeni. V ¢lanku popisuji aplikace Phased Array pro
ruéni a automatizované zkouseni zelezni¢nich kol, krouzki, Zelezni¢nich dvojkoli , zelezni¢nich naprav podle EU
norem, GOST, AAR. (I dalsich vyrobku, svart a kompozittl) Metody jsou ru¢ni a automatizované zkouseni.

Uvadim piiklad rozporu mezi vysledky zkouseni konvenc¢nim UZ, PA, a pfi riiznych frekvencich 2 MHz, 4 MHz.
Dalsi jsou progresivni metody holografie, kde se nevyuziva blizkého pole ani fokusu, a provadi se kompletni
rekonstrukce signalu v plose a objemu.

Nova metoda vyuzivajici sekvenéni vysilani jednotlivych ménict a pfijem v§emi ménici do matice bodti v prostoru
s naslednym zpracovanim umoziuji kalibraci utlumu v objemu zkouseného vyrobku a zobrazeni skutecné velikosti
a tvaru vad. Vyhodou je vysoké rozliSeni v celém objemu zkouSeni, neni tfeba pracovat s DAC kiivkami ani
fokusem svazku. Nevyhodou je statické méfeni.

Klic¢ova slova: Defektoskopie 2023, Phased Array, ultrazvukovy piistroj, nedestruktivni testovani (NDT)



ECHOVIEW 1170 Ultrasonic Electronics and ECHOVIEW UT & PAUT
Software

Karl DEUTSCH, Krystian ROSTKOWSKI, Joern BOLTEN, Mathias RAZENG,
Timur SAYFULLAEV

KARL DEUTSCH, Otto-Hausmann-Ring 101, 42115 Wuppertal, Germany
e-mail: w.deutsch@karldeutsch.de

Abstract

The new multi-channel ultrasonic testing electronic ECHOGRAOG1170 has been presented recently. It was
developed for the fast and reliable inspection of components from the automotive and aerospace industries and
their sub-suppliers for bearing rings, rollers and balls. It can also be used for large testing systems for primary
metal industries: Bars, billets, seamless and welded tubes and plates. The electronic is composed of four-channel
modules which can be stacked in accordance with the applications.

Figure 1. ECHOGRAPH 1170 Ultrasonic testing electronics in modular design with integrated mini-PC and 3
modules with 4 channels each

The electronics is available as an OEM version without master software for integrators which provide their own
ultrasonic data processing. It is also available together with ECHOVIEW ultrasonic software which is used to set
all relevant test parameters and to process the ultrasonic data in customer-specific format: Multiple A-scans, B-
scan, C-scan, amplitude strip charts, statistics, protocols and interface to the customer’s ERP data base.
ECHOVIEW can also be used to drive Phased Array modules.

a1 d -

Figure 2. ECHOVIEW Ultrasonic software, example with A-scan and amplitude strip charts

Keywords: ECHOGRAPH 1170, Ultrasonic testing, software, Phased Array
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Ceska spoleénost pro nedestruktivni testovani, z.s.
porada 54. mezindrodni konferenci a vystavu NDT techniky

12. - 14. listopadu 2024,
Beroun

Mezindrodni konference a vystava Defektoskopie 2024 / NDE for Safety 2024
bude zamérena zejména na problematiku nedestruktivnino zkouseni
materidlu a konstrukci ve vSech oborech technické cinnosti. Konference bude
prilezitosti k setkani vSech, ktefi se zajimaji o vyzkum, vyvoj, praktické aplikace
i vzdélavani a normalizaci v tomto oboru. @@

%

d: =
Lot 1

Soucasti konference bude verejné pristupna vystava NDT techniky.
Aktualni informace a pfihlasky: www.cndt.cz i
®

Czech Society for Non-destructive Testing invites all NDT specialists
to 54" International Conference and Exhibition of NDT technique

" . @@E FOR SAFETY 2@2@

Beroun, Czech Republic

November 12 - 14, 2024
This event will be organized by Czech Society for NDT as an international annual
meeting and exhibition. The conference is aimed at all topics of non-destructive
testing and evaluation of materials and structures in all areas of technical
activities. It is an opportunity to meet together all people interested in research,
development, as well as in practice, standardization and application of NDT/NDE
methods. Manufacturers and suppliers of NDT instruments and services are invited
to present their products and innovations.

Conference Language: All technical papers at the conference will be
presented in English, Czech or Slovak languages.

More info: www.cndt.cz
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