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Eddy Current Structure Testing and Al-based Prediction of Case
Hardening Depth
Kontrola struktury vifivymi proudy a predikce hloubky zakaleni pomoci Al

Hana Dittrichova

CONSENTA SPOL. s.r.0., Ve Zlibku 1800, Praha 9 - Horni Pocernice
Phone: +420 736 640 213, e-mail: hana.dittrichova@consenta.cz

Abstract

ibg NDT Technology helps to perform Non-Destructive Testing (NDT) and sorting based on the concepts of
prevention & prediction.

We are the founder of the so-called Preventive Multi-Frequency and Preventive Multi-Filter Testing (iPMFT)
technology within eddy current, along with several others. It has recently expanded into prediction of
microstructure characteristics like case depth and of surface hardness by adding Artificial Intelligence (AI)
evaluation.

Nowadays eddy current testing can be enhanced by other physics provided by ibg, such as optical reflection,
vibration, and laser,all compatible with the ibg instruments.

Today, ibg is a leading provider of NDT solutions for quality assurance for a broad range of industries, including
automotive, aerospace, bearings, energy, medical devices, fasteners, railway, wind turbines, and many more.
Eddy Current Structure Testing

Structure testing analyzes the correct material properties. Changes in material properties affect two relevant eddy
current parameters:

Magnetic permeability, also known as magnetic conductivity and Electrical conductivity

Significant changes in one or both parameters can be detected by the structure testing to distinguish between two
or more material conditions, e.g. for sorting.

For this purpose, ibg offers its eddyguard, eddyliner and eddyvisor instruments in combination with corresponding
test coils.

Eddy Current Crack and Grinder Burn Testing

The functional principle of eddy current crack testing is that a defect reduces or interrupts the eddy current flow
below the sensor. The eddy current flow is generated in the conductive test part by a changing magnetic field. It is
mainly caused by the movement between the test part and the sensor (surface speed).

As a result, the receiver voltage increases. The crack or grinder burn is detected by properly filtering the complex
receiver signal and measuring and evaluating the voltage change.

In this case our Instruments are used with a probe instead of test coils. We offer a wide variety of probes and
rotating heads.

Al-based Prediction of Case Depth / Degree of Surface Hardness

ibg is elevating Non-Destructive Testing (NDT) to the next level by leveraging Artificial Intelligence (Al).

First on the market was the Al-based testing solution for balls, both ceramic and steel by the AVIKO division of
ibg and its AVIKO G3 Advanced Al product line. Now, ibg is further expanding its AI platform.

ibg NDT Technology presents the latest update of its AI platform. With deep learning methods and models trained
by ibg, the platform uses rich eddy current results from the trusted ibg testing instrumentation to predict material
properties such as surface hardness and hardening depth of specific component geometries.

Keywords: ibg, Al, Eddy Current, Preventive Multi-Frequency Testing, Preventive Multi-Filter Testing, non-
destructive testing (NDT)



Abstrakt

Technologie ibg NDT provadi NDT testovani a tiidéni na zakladé konceptu prevence a predikce. Jsme zakladateli
technologie tzv. Preventivniho multifrekvenéniho a multifiltra¢niho testovani (iPMFT) v oblasti vifivych proudd,
které kombinujeme s dal§imi technologiemi. Nedavno byly naSe pfistroje rozsiteny o predikci vlastnosti
mikrostruktury, jako je hloubka zakaleni a povrchova tvrdost, diky pfidani umélé inteligence (AI) do
vyhodnocovaciho procesu.

Dnesni testovani vifivymi proudy mize byt vylepseno o dalsi fyzikalni metody poskytované firmou ibg, jako je
opticka reflexe, vibrace a laser, které jsou viechny kompatibilni s pfistroji ibg. Dnes je ibg pfednim poskytovatelem
feSeni NDT pro zajidténi kvality v Sirokém spektru primyslovych odvétvi, véetné automobilového, leteckého,
loziskového, energetického, vyroby spojovacich prvki, Zeleznic, vétrnych turbin a mnoha dalsich.

Testovani struktury analyzuje spravné materialové vlastnosti. Zmény v materialovych vlastnostech ovliviuji dva
klicové parametry vifivych proudi: Magneticka permeabilita (magneticka vodivost) a Elektricka vodivost
Vyznamné zmény jednoho nebo obou parametri Ize detekovat testovanim struktury a odlisit tak rizné materialové
stavy, napf. pro tiidéni. K tomuto ucelu ibg nabizi pfistroje eddyguard, eddyliner a eddyvisor v kombinaci s
odpovidajicimi zkusebnimi civkami.

Testovani prasklin a brusnych popalenin pomoci vifivych proudt - Funkéni princip testovani prasklin pomoci
vifivych proudi je zalozen na tom, ze defekt snizuje nebo pferuSuje tok vifivého proudu pod senzorem. Vifivy
proud se generuje v testované ¢asti vodivého materialu zménou magnetického pole, coz je zplsobeno hlavné
pohybem mezi testovanou Casti a senzorem (povrchova rychlost). Vysledkem je zvySeni pfijimaciho napéti.
Praskliny nebo brusné popaleniny jsou detekovany spravnym filtrovanim slozitého pfijimaciho signalu a méfenim
a vyhodnocenim zmény napéti. V tomto ptipadé jsou nase pfistroje pouzivany se sondou namisto testovacich
civek. Nabizime $irokou $kalu sond a rota¢nich hlav.

Al-podporovana predikce hloubky kaleni a stupné povrchové tvrdosti - ibg povySuje nedestruktivni testovani
(NDT) na vyssi uroven vyuzitim umélé inteligence (AI).

Prvni na trhu byla Al-podporovana feseni pro keramické i ocelové kuli¢ky od divize AVIKO a jeji produktové
fady AVIKO G3 Advanced Al Nyni ibg dale rozsifuje svou Al platformu.

ibg NDT Technology pfedstavuje nejnovéjsi aktualizaci své Al platformy. S vyuzitim metod hlubokého uceni a
modeli trénovanych spole¢nosti ibg pouziva platforma bohaté vysledky vifivych proudi z ovéfenych pfistroji ibg
k predikci materidlovych vlastnosti, jako je povrchova tvrdost a hloubka kaleni konkrétnich geometrickych
soucasti.

Klic¢ova slova: Preventivni multifrekvenéni testovani, Preventivni multifiltra¢ni testovani, Vifivé proudy, Uméla
inteligence, Nedestruktivni testovani (NDT)
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Digital Transformation in NDT: The Benefits of Software-Driven
Workflows

Noah HANSEN

DURR NDT GmbH & Co. KG, Hopfigheimer StraBe 22; Bictigheim-Bissingen, Germany
e-mail: Hansen.N@duerr-ndt.de

Abstract

In an increasingly digital world, non-destructive testing (NDT) is evolving through the power of software
solutions. This presentation will explore how digitizing NDT processes can significantly enhance efficiency,
accuracy, and traceability. Learn how cloud-based management systems streamline everything from inspection
planning and data entry to real-time reporting and compliance, reducing manual errors and boosting productivity.
Whether you're new to digital NDT solutions or looking to upgrade, this session will highlight the benefits of
embracing technology to future-proof your NDT operations and maximize operational efficiency.

Keywords: non-destructive testing, digitizing, software
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Steel for the future sustainably and responsibly. NDT testing of rolled
products, NDT certification of personnel, and organization of the
association OS 13 Ocelafi in the company TRINECKE ZELEZARNY, a.s.

Ocel pro budoucnost, udrzitelné a zodpovédné. NDT zkouSeni hutnich

vyrobkii, NDT certifikace personalu a Organizace spolku OS 13 Ocelari
v TRINECKYCH ZELEZARNACH, a.s.

Stépan HEFNER !, Josef SLOWIK !, Petr KASZPERYDES !

! TRINECKE ZELEZARNY, a. s., Tfinec, Czech Republic
Phone: +420 558 533 697, e-mail: stepan.hefner@trz.cz, josef.slowik@trz.cz, petr.kaszperydes@trz.cz

Abstract

The presentation describes the operations of the company TRINECKE ZELEZARNY, a.s. and their automated
NDT lines for testing the surface and internal defects of rolled products. We produce 2.5 million tons of steel
annually, which we mainly roll into bars, wires, rails, seamless pipes, billets, blooms, and slabs. NDT certification
of personnel is ensured in accordance with the accredited system according to CSN EN ISO 9712. We currently
register 172 CNDT members, OS 13 Steelworkers in the NDT database. As the largest steel producer in the Czech
Republic, we approach steel production with maximum emphasis on the sustainable development of not only the
company but also the regions in which we operate.

Keywords: steel, TRINECKE ZELEZARNY a.s., non-destructive testing, CNDT, z.s

Abstrakt

Prezentace popisuje provozy TRINECKYCH ZELEZAREN, a.s. a jejich automatizované NDT linky pro zkouseni
povrchovych a vnitinich vad hutnich vyrobkd. Roéné vyrobime 2,5 mil. tun oceli, které valcujeme zejména do
ty¢i, drati, kolejnic, bezesvych trub, sochort, blokii a bram. NDT certifikace personalu je zajisténa v souladu
s akreditovanym systémem dle CSN EN ISO 9712. V soucasné dobé evidujeme v databazi NDT certifikované
osoby 172 &lentt CNDT, OS 13 Ocelati. Jako nejvétsi producent oceli v CR piistupujeme k vyrobé oceli s
maximalnim dirazem na udrzitelny rozvoj nejen spolecnosti, ale i regionti ve kterych pisobime.

Kli¢ova slova: ocel, TRINECKE ZELEZARNY a.s , nedestruktivni testovani, CNDT, z.s.
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Impact-Echo Testing Methods for Determining the Defect of Cured-In-
Place Pipe
Metody testovani razovou ozvénou pro urcovani defektu trubky vytvrzené
na misté

Houssam MAHMOUD !, Lubos PAZDERA !

! Faculty of Civil Engineering, Brno University of Technology; Brno, Czech
Phone: +420 541 147 657, e-mail: lubos.pazdera@vut.cz

Abstract

Non-destructive testing of cured-in-place pipe (CIPP) ensures that the liner (CIPP) has been successfully installed
and that the pipe will function reliably, the Acoustic methods are used to detect cracks or leaks in pipes as the
Impact-Echo (IE) method. This study aims to design a device to carry the tools inside the pipe. The received signals
were analyzed to identify delamination, cavities behind CIPP, and overall pipe health.

Keywords: CIPP (Cured-In-Place Pipe), Non-Destructive Testing (NDT), acoustics, impact-echo.

Abstrakt

Nedestruktivni testovani potrubi opraveného metodou vyztuzeni na misté (CIPP) zajistuje, Ze vlozka (CIPP) byla
uspé$né nainstalovana a Ze potrubi bude spolehlivé plnit svou funkci. Akustické metody, jako je metoda Impact-
Echo (IE), se pouzivaji k detekci prasklin nebo neté€snosti v potrubi. Tato studie si klade za cil navrhnout zatizeni
pro pienaSeni nastroji uvniti potrubi. Ptijaté signaly byly analyzovany k identifikaci delaminace, dutin za CIPP a
celkového zdravi potrubi.

Klic¢ova slova: CIPP (Cured-In-Place Pipe), nedestruktivni testovani (NDT), akustika, impact-echo
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The contribution of the Curie family and their collaborators to the physical
foundations of non-destructive methods, radiation and ultrasound methods
in particular.

Piinos rodiny Curie a jejich spolupracovnikii fyzikalnim zakladum
nedestruktivnich metod, radiac¢ni a ultrazvukové metodé zvlasté.

Bernard KOPEC

QTU, Bohumin-Zablati, Czech
Phone: +420 603 432 965, e-mail: b.kopec@email.cz

Abstract

The contribution is a reflection on the fates and discoveries of important physicists who have the merit of creating
the theoretical foundations of two volumetric methods of non-destructive testing, namely ultrasound and
radiography, based on preserved historical facts found in the Bibliotheque Nationale de France — Richelieu and in
the Shakespeare and Co bookstore. in Paris. Little-known facts about the five members of this family, Jacques and
Pierre Curie, Marie Curie-Sklodowska and Iréne and Fredéric Joliot-Curie, are presented. All these scientists have
preserved a rich legacy to the people and physicists of this world. And not just Marie Curie-Sklodowska, perhaps
the best-known and most famous physicist of all time. The discoveries and life stories of this family are amazing
and inspiring even today in both positive and negative ways.

Keywords: Piezoelectric phenomenon, ultrasound, radioactivity, radiography, artificial radioactivity

Abstrakt

Piispévek je zamyslenim nad osudy a objevy vyznamnych fyzikd, ktefi maji zasluhu k vytvoreni teoretickych
zakladi dvou objemovych metod nedestruktivniho zkouseni a to ultrazvuku a radiografie na zakladé dochovanych
historickych fakti, nalezenych v Bibliotheque Nationale de France — Richelieu a v knihkupectvi Shakespeare and
Co. v Pafizi. Jsou prezentovana malo znama fakta péti ¢lent této rodiny Jacquese a Pierre Curie, Marie Curie-
Sklodowské a Iréne a Fredérica Joliot-Curie. VSichni tito védci zachovali bohaty odkaz lidem i fyzikim tohoto
svéta. A to nejen Marie Curie-Sklodowské, snad nejznamnéjsi a nejslavngjsi fyzicky vSech dob. Objevy a zivotni
piibéhy této rodiny jsou uzasné a inspirujici i dnes v kladném i zaporném smyslu.

Klic¢ova slova: Piezoelektricky jev, ultrazvuk, radioaktivita, radiografie, uméla radioaktivita
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Improving the quality of performing in-service inspections using
manipulators
Zvyseni spolehlivosti provadéni provoznich kontrol pomoci manipulatori

Pavel MARES, Tomas TROJAN, Jif{ NETUSIL

Centrum vyzkumu ReZ s.r.o.; Husinec — Rez, Ceska republika
Phone: +420 606 138 199, e-mail: pavel.mares@cvrez.cz

Abstract

Many in-service inspections, mainly carried out by the ultrasonic method, were until recently carried out manually
or semi-automated with the use of encoders. These types of inspections usually lack data recording and are
dependent on the experience of the operator performing these inspections. For these reasons, in recent years one
of the important activities carried out within the Research Centre Rez has been the development and production
of manipulators for non-destructive testing. This article will describe in more detail the manipulators used for
ultrasonic testing of the reactor head nozzles, nozzles of the emergency power supply system of steam generators
treated with weld overlay, inspection of low-pressure blade dovetails and others. The developed manipulators will
make it possible to refine and improve the repeatability of inspections that were previously carried out manually
(more precise guidance of probes, etc.) or were not carried out at all due to inaccessibility for operators. Among
other examples of the use of manipulators is in conditions where manual testing is not possible. One of the
applications can be measurement using the phased array technique on pipelines during service, when the
temperature on the surface of the pipeline can be up to 320°C (the maximum temperature of the primary pipeline
of a nuclear power plant).

Keywords: Ultrasonics, Manipulator, Robotics, In-service inspection, Nuclear, High Temperature

Abstrakt

Mnoho provoznich kontrol, provadénych ptevazné ultrazvukovou metodou, bylo az donedavna provadéno ru¢né
nebo poloautomatizované s pouzitim enkodért. Tyto typy kontrol obvykle postradaji zaznam dat a jsou zavislé na
zkuSenostech operatora provadéjiciho tyto kontroly. Z t&chto divodi je v poslednich letech jednou z dilezitych
&innosti provadénych v ramei Centra vyzkumu ReZ vyvoj a vyroba manipulatorii pro nedestruktivni zkouseni. V
tomto ¢lanku budou podrobnéji popsany manipulatory pouzivané pro ultrazvukové zkouseni natrubku vika tlakové
nadoby reaktoru, natrubky systému havarijniho napajeni parogeneratorii oSetiené navarem, kontrola zamku
nizkotlakych lopatek turbin a dalsi. Vyvinuté manipulatory umozni zpfesnit a zlepsit opakovatelnost kontrol, které
byly diive provadény ruéné (ptresnéjsi navadéni sond apod.) nebo nebyly z diivodu nedostupnosti pro operatory
provadény vibec. Mezi dalsi piiklady pouziti manipulatort patéi v podminkach, kdy neni mozné provést ruéni
zkouseni. Jednou z aplikaci miize byt méfeni pomoci techniky phased array na potrubich za provozu, kdy teplota
na povrchu potrubi miize byt az 320°C (maximalni teplota priméarniho potrubi jaderné elektrarny).

Kli¢ova slova: Ultrazvuk, manipulator, robotika, provozni kontroly, jaderna energetika, vysoka teplota
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Maossbauer spectroscopy — Analysis of the phase composition of steels and
component surfaces as a non-destructive method
Maossbauerova spektroskopie — Analyza fazového sloZeni oceli a povrchu
dila nedestruktivni metodou

Jiti PECHOUSEK

Department of Experimental Physics, Faculty of Science, Palacky University Olomouc, 17. listopadu 1192/12,
779 00, Olomouc, Czech Republic
Phone: +420 585 631 415, e-mail: jiri.pechousek@upol.cz

Abstract

The primary objective of this contribution is to present the application of Mdssbauer spectroscopy in the field of
iron-containing material research and quality control as a non-destructive testing (NDT) method. Mdssbauer
spectroscopy is a method that relies on recoil-free emission and absorption of nuclear gamma rays in solids. The
principal applications of this technique include the characterization of steels, the study of their phase composition
and microstructure, and the examination of both basic and applied research, as well as experimental research
conducted for and within industrial companies. The >’Fe Mssbauer spectroscopy method represents a fundamental
approach to NDT analysis, with a particularly advanced focus on retained austenite and other partial phases
(ferrites, iron carbides, iron oxides, etc.). It is possible to measure entire machine parts, their surfaces, and cuts
and trimmings that are typically prepared for metallographic analyses. It is possible to perform depth selection by
layers, with options including 10-100 pm, 1-10 pm, and 0-300 nm, in surface analyses. The majority of
measurements are conducted in the thickness range of up to 10 pm, utilizing an instrument that has been optimized
for industrial applications. Advanced laboratory analyses can be performed at room temperature in non-destructive
(surface) and destructive modes, at low temperatures up to 5 K, and high temperatures, depending on the
parameters of the sample, which may be in the form of powders, foils, or layers. The present research also
encompasses the validation of the method in comparison with the most commonly used techniques in the steel
industry, including metallography (optical/electron microscopy), X-ray diffraction (XRD), magnetic induction,
and so forth. Additionally, efforts are being made to facilitate the implementation of Mdssbauer spectroscopy as a
standardized analytical method in specific testing domains, such as NDT.

Keywords: Mdossbauer spectroscopy, iron, steel, retained austenite, non-destructive testing (NDT)

Abstrakt

Hlavnim cilem tohoto piispévku je predstavit pouziti Mossbauerovy spektroskopie v oblasti vyzkumu a kontroly
kvality materiald obsahujicich Zelezo jako metody nedestruktivniho testovani (NDT). Mdssbauerova
spektroskopie je metoda, ktera je zaloZena na bezodrazové emisi a absorpci jaderného zafeni gama v pevnych
latkach. Mezi hlavni aplikace této techniky patii charakterizace oceli, studium jejich fizového slozeni a
mikrostruktury, v oblastech zékladniho i aplikovaného vyzkumu, jakoz i experimentalniho vyzkumu provadéného
pro a zejména v primyslovych podnicich. Metoda Méssbauerovy spektroskopie na izotopu *’Fe piedstavuje velmi
citlivou metodu NDT s vyhodnym zaméfenim na zbytkovy austenit a dalsi dil¢i faze (ferity, karbidy Zeleza, oxidy
zeleza atd.). Je mozné méfit celé strojni soucasti, jejich povrchy, fezy a vybrusy, které se obvykle pfipravuji pro
metalografické analyzy. Pti povrchovych analyzach je mozné provadét vybér hloubky po vrstvach s moznostmi
zahrnujicimi 10-100 pm, 1-10 pm a 0-300 nm. VéEtSina méfeni se provadi v rozsahu tloustky do 10 um s vyuZzitim
piistroje, ktery byl optimalizovan pro primyslové aplikace. Pokrocilé laboratorni analyzy lze provadét pii
pokojové teploté v nedestruktivnim (povrchovém) a destruktivnim rezimu, pfi nizkych teplotich do 5 K a
vysokych teplotach v zavislosti na parametrech vzorku, ktery mize byt ve formé prasku, folie nebo vrstvy.
Soucasné aktivity zahrnuji také ovéfeni metody ve srovnani s nejcastéji pouzivanymi technikami v ocelafském
pramyslu, véetné metalografie (opticka/elektronova mikroskopie), rentgenové difrakce (XRD), magnetické
indukce atd. Kromé toho je nyni vyvijeno Usili o usnadnéni implementace Mossbauerovy spektroskopie jako
standardizované analytické metody ve specifickych oblastech zkouseni, jako NDT.
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Eddy current testing of the car body after repair of hail damage by means
of PDR method
Kontrola Vifivymi proudy karosérie automobilu po opravé poskozeni
kroupami metodou PDR

Miloslav Prochazka, Martin Prochazka
TEDIKO, s.r.o0., Chomutov, Czech, E-mail: info@tediko.cz

Abstract

Recently, we have been experiencing more and more extreme weather events. One of the extreme manifestations
is also hail, when hail can damage car bodies, among other things. If the damage is not fatal and the body is
repairable, one of the repair methods is the PDR - Paintless Dent Repair method. Surprisingly, this repair can bring
problems - not to the owner of the vehicle, but to the person who performed the repair, especially if the insurance
company chooses another form of solution instead of paying. One such case is the subject of this presentation,
where the eddy current method was used to demonstrate the repair performed. The presentation will show the
approach to the problem, real measurements and results. The presentation will also include the legal side, including
the activities of forensic experts. Attention will be drawn to the disproportion between the increasing requirements
of the standards, and, on the contrary, the laxity of the legislation, to the level of knowledge and the possible
engage of A.L.

Keywords: eddy current testing, hail, car body, PDR, development and measurement in practice, forensic expert,
legal

Abstrakt

V posledni dobé zazivame stale vice extrémni projevy pocasi. Jednim z extrémnich projevii je také krupobiti, kdy
kroupy dokazi kromé jiného poskodit karosérie automobild. Pokud nejsou $kody fatalni a karosérie je opravitelna,
je jednim ze zpisobii opravy metoda PDR — Paintless Dent Repair. Tato oprava mize kupodivu pfinést problémy
— nikoliv vlastnikovi vozidla, ale tomu, kdo opravu provadél, a to pfedevsim tehdy, pokud pojistovna misto
zaplaceni voli jinou formu feseni. Jeden takovy ptipad je pfedmétem této prezentace, kdy k prokazani provedené
opravy byla pouzita metoda vifivych proudd. V prezentaci bude ukézan ptistup k problému, realné méteni a
vysledky. Soucasti prezentace bude i pravni stranka véetné ¢innosti soudnich znalct. Zaroven bude upozornéno
na disproporce mezi bujicimi pozadavky norem, a naopak laxnosti legislativni, na znalostni uroven a piipadné
zapojeni A.L

Klic¢ova slova: zkouseni vifivymi proudy, kroupy, karosérie automobilu, PDR, vyvoj a praktické méfeni, soudni
znalec, pravo
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Template Specify layer hardened cam shaft
Specifikace kalenych vrstev vackovych hiideli

Bietislav SKRBEK', Véra JIRASKOVA?

I'TU v Liberci, Studentska 2, 461 17 Liberec, Cqské republika, bretislav.skrbek@tul.cz
2TEDOM a. s., Belgicka 15, 466 05 Jablonec n. N., Ceska r., vera.jiraskova@tedomengines.com

Abstract

Definition of the thickness of the surface-hardened layer after induction heating according to CSN
EN. Description of the hardened layers of the cam shaft of a diesel or gas engine with 19 surface-hardened cams
and bearings. Methods of direct and indirect determination of the thickness of hardened layers. The relationship
of the visual estimation of the thickness according to the etched cut to the thicknesses according to the HV
hardness curves. Possibilities of non-destructive methods to determine the thickness of hardening. An
experiment with the magnetic spot method and the DOMENA device. Knowledge for practical use. The
direction of further development.

Keywords: Camshaft, surface-hardened layer, non-destructive testing.

Abstrakt

Definice tloustky povrchové kalené vrstvy po indukénim ohievu dle CSN EN. Popis kalenych vrstev vatkového
hiidele vznétového nebo plynového motoru s 19ti povrchové kalenymi vackami a lozisky. Zpisoby pfimého a
nepiimého uréovani tloustky kalenych vrstev. Vztah vizudlniho odhadu tloustky podle naleptaného vybrusu k
tloustkdm podle pribéhi tvrdosti HV. Moznosti nedestruktivnich metod k stanoveni tloustky prokaleni.
Experiment s metodou magnetické skvrny a pfistrojem DOMENA. Poznatky pro prakticka vyuziti. Smér
dalsiho vyvoje.

Klic¢ova slova: Vackovy hiidel, povrchové kaleni, tloustka vrstev, nedestruktivni testovani (NDT)
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Detection of gunshot residue by infrared non-destructive testing methods
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Abstract

The focus of this research is on the detection of gunshot residue (GSR) around a bullet hole
using infrared non-destructive testing methods. This area of forensic investigation is crucial
for reconstructing crime scenes, especially for determining shooting distances. The
contribution discusses the methods used for GSR detection, their advantages, and
disadvantages, and introduces the potential of active excitation infrared thermography /
infrared non-destructive testing methods. The primary aim of the project is to optimize the
current procedures of infrared measuring and visualization methods. This optimization will
enable quick, non-contact, and non-destructive inspection of gunshot residue and visualization
of their characteristic scattering patterns, thereby enhancing the efficiency and accuracy of
forensic investigations.

The topics described in the contribution are part of the project No. VKO01010037
"Methodology of fast non-contact and non-destructive detection of gunshot residue," which is
solved within the framework of the OPSEC program and supported by the Ministry of Interior
of the Czech Republic, 01/2023 — 12/2025.

Keywords: thermographic testing, thermography, infrared non-destructive testing, infrared
non-destructive inspection, IRNDI, IRNDT
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What is the cost of structural failure (fracture) that leads to a crash?
Co nas stoji selhani konstrukce (lom) vedouci k havarii?

Vaclav SVOBODA !, Frantiek ZEMLICKA !
I PREDITEST s.r.0., Praha, Czech Republic; E-mail: svoboda@preditest.cz

Abstrakt

Pro inspekce technickych zafizeni pracujicich v primyslu za danych provoznich podminek je vyuzivana cela fada
nedestruktivnich metod , které odhaluji poruchy vzniklé za provozu a které, pokud by se neopravily, by mohly
zpusobit havarie daného zafizeni vedouci ke ztratam vyroby, zni¢eni provozniho zafizeni a mnohdy i k ztraté
lidskych zivota.

Véasna aplikace t&chto metod a vyuZzivani novych postupt tak podstatné snizuje riziko selhani konstrukei. Prudky
rozvoj elektroniky umoziiuje do budoucna podstatné zpiesiiovat aplikaci NDT metod, automatizovat diléi
inspekéni postupy, a dale urychlovat vyhodnocovani sledovanych technickych veli¢in.

Piesto hlavni iloha ziistava na lidském Ciniteli v zavére¢ném zmény, zda konstrukci ponechat v provozu beze
zmény , ¢i provést opravy daného uzlu, ve kterém byl zjistén zavazny defekt, nebo dokonce vytadit dlouhodobé
provozovanou konstrukei s cilem jejiho nahrazeni konstrukci novou.

Tim se dostavame do roviny ekonomického hodnoceni, zda inspekéni Cinnost se vyplati ve srovnani
s potencidlnimi riziky. V pfispévku je naznaena jedna z moznosti hodnoceni potencialniho rizika. Dale je
v piispévku poukazano na dvé novéjsi NDT metody — akustickd emise a metoda magnetické paméti materialu,
které je mozno aplikovat periodicky nebo za provozu kontinualné.

Defektoskopickou ¢innost 1ze fadit do urovné prevence, kdy na zakladé véasnych informaci pro provozovatele,
Ize zabranit vzniku havarii a katastrof. Praktické zkuSenosti z ignorovani téchto informaci dokazuji vznik malych
a velkych havarii v celosvétovém méfitku.

Kli¢ova slova: nedestruktivni testovani (NDT), automatizace, ekonomika, akusticka emise, magneticka pamét’,
materialt
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Diagnostic work on primary circuit components in nuclear power plants
Diagnostické prace na komponentach primarniho okruhu jadernych
elektrarnach

Vaclav SVOBODA !, Frantisek ZEMLICKA '
! PREDITEST s.r.0., Praha, Czech Republic; E-mail: svoboda@preditest.cz

Abstrakt

V prubéhu vystavby JE Dukovany a JE Temelin byly realizovany ¢etné experimentalni prace, jejichz cilem
bylo ovéfeni vlastnosti materialu primarniho okruhu JE typu VVER 440 a VVER 1000. Primarni okruh JE
Dukovany je vyroben z nerezové oceli , zatimco material JE Temelin je tvofen feritickou oceli s vnitini nerezovou
austenitickou vystelkou.

Vlastni experimentalni prace byly provadény na realnych prototypech dil¢ich komponent primarniho okruhu.
Protoze se jedna o komponenty naméhané prevazné vnitinim ptetlakem, byly jednotlivé etapy zkousek realizovany
na tlakové smycce umoziujici klasické tlakové zkousky az do destrukce komponenty a také dalsi moznost
cyklickych zkousek reprezentujicich inavové zatizeni za provozu.

Na jednotlivych zkouSenych dilech byly vytvofeny umélé defekty, zasahujici vyrazné do stény télesa. V
pribéhu cyklickych zkousek se z téchto umélych defekti vytvofily realné trhliny. Chovani trhlin a jejich dalsi
rozvoj byl sledovan NDT metodami. Ziskané vysledky slouzi jako podklad pro stanoveni Zivotnosti primarniho
okruhu po dlouhodobém provozu.

Klic¢ova slova: nedestruktivni testovani (NDT), jaderna elektrarna, zivotnost materialt
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Effect of Thermal Ageing on Changes in Ultrasonic Properties of Steel
08Ch18N12T
Vliv tepelného starnuti na zmény ultrazvukovych vlastnosti oceli
08Ch18N12T

Jana VESELA !

! Research Centre Rez; Husinec-Rez, Czech
e-mail: jana.vesela@cvrez.cz

Abstract

Materials used in VVER 440 and VVER 1000 nuclear power plants are exposed to thermal ageing in operation,
among other degradation mechanisms. The aim of the experiment was to verify the effect of thermal aging on the
extraction of the primary circulation piping made of austenitic steel 08Ch18N12T on the ultrasound rate and its
attenuation. Two steel states were evaluated, the part of the pipeline that was not in operation and the operating
state where a sample was taken after 28 years of operation at the Jaslovské Bohunice V1 NPP were selected as the
initial state. Samples of both states were subjected to thermal aging at 450 °C in an atmospheric furnace with a
specified exposure time, which is to simulate the extended operation of the component for 60 years, where 1 year
of operation means 10 months of 100% performance, 2 months in downtime. The measurements were carried out
within the DELISA-LTO project (DEscription of the extended Llfetime and its influence on the SAfety operation
and construction materials performance — Long Term Operation with no compromises in the safety).

Keywords: ultrasonic testing, 08Ch18N12T steel, ultrasound speed, attenuation, thermal ageing

Abstrakt

Materialy pouzivané na jadernych elektrarnach typu VVER 440 a VVER 1000 jsou v provozu vystaveny kromé
jinych degradacnich mechanismi i tepelnému starnuti. Cilem experimentu bylo na extrahovanych Castech
primarniho cirkulaéniho potrubi z austenitické oceli 08Ch18NI12T ovéfit vliv tepelného starnuti na rychlost
ultrazvuku a jeho Gtlum. Byly hodnoceny dva stavy oceli, jako vychozi stav byla vybrana ¢ast potrubi, ktera nebyla
v provozu a provozovany stav, kdy byl odebrany vzorek po 28 letech provozu na JE Jaslovské Bohunice V1.
Vzorky obou stavii byly podrobeny tepelnému starnuti pfi 450 °C v atmosférické peci s uréenou dobou expozice,
kterda ma simulovat prodlouzeny provoz komponenty po dobu 60 let, kdy 1 rok provozu znamena 10 mésict 100%
vykonu, 2 mésice v odstavce. Méfeni byla realizovana v ramci projektu DELISA-LTO (DEscription of the
extended LIfetime and its influence on the SAfety operation and construction materials performance — Long Term
Operation with no compromises in the safety).

Kli¢ova slova: ultrazvukové zkouseni, ocel 08Ch18N12T, rychlost ultrazvuku, tlum, tepelné starnuti
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Abstract

Definition of the thickness of the surface-hardened layer after induction heating according to CSN
EN. Description of the hardened layers of the cam shaft of a diesel or gas engine with 19 surface-hardened cams
and bearings. Methods of direct and indirect determination of the thickness of hardened layers. The relationship
of the visual estimation of the thickness according to the etched cut to the thicknesses according to the HV
hardness curves. Possibilities of non-destructive methods to determine the thickness of hardening. An
experiment with the magnetic spot method and the DOMENA device. Knowledge for practical use. The
direction of further development.

Keywords: Camshaft, surface-hardened layer, non-destructive testing.

1. Introduction

TEDOM a.s., headquartered in Tiebi¢, specializes in the production of cogeneration
units with diverse power outputs, catering to global markets. The core component of these
units typically comprises a gas piston engine. The Engine Division of TEDOM, formerly the
"motor factory" of the defunct automotive company LIAZ in Jablonec nad Nisou, continues to
engage in the manufacturing and development of small-scale engines, specifically inline six-
cylinder engines, with power ratings ranging from 150 kW to 300 kW. The crucial element
responsible for the engine's valve timing, regulating the opening and closing of valves, is the
camshaft. The camshaft features 19 surface-induction hardened cams and bearings. Notably,
for nearly half a century, the hardening process was successfully conducted using a dedicated
hardening machine at the now-defunct ZEZ Rychnov facility near Jablonec n. N. However,
following the discontinuation of the hardening operations at TEDOM, ensuring continued
high-quality production necessitates the establishment of rigorous collaborations,
necessitating the adoption of novel inspection methodologies and approaches.

2. Camshaft

The camshaft is driven by a timing gear located adjacent to the crankshaft journal. It
encompasses various hardened positions, including a 36mm wide initial bearing, followed by
a sequence of cams and bearings. The cams, with a width of approximately 2Imm and a
cylindrical section of 33mm, possess specific lift values on a 50mm diameter. The hardening
process is achieved using a single inductor operating at frequencies of 6 or 12 kHz. In
accordance with specification drawing 1152 010, the camshaft is fabricated from steel 12
051.1 (EN substitute C50+N), exhibiting a maximum hardness of 217HB. Through induction
hardening, the camshaft's surface achieves a hardness range of 57 to 62 HRC (635-750HV)
with a hardened depth ranging from Imm to 4mm.
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Fig.1. Cams: A — cross-section, B — bad hardening (eccentric), C — satistactory hardened
layer

Evaluation of the surface-hardened layer thickness is conducted using hardness
profiles. The established standard [1] proposes a unified threshold of 450HV as an indication
of the layer's termination, or an alternative threshold corresponding to 80% of the surface
hardness value. In the case of camshafts, the criterion of Rht450HV is considered more
suitable. The current specification for the layer reads as follows: "Induction hardened and
tempered to 57 °HRC SHD = 1"3mm Rht 450HV."

During the acceptance of the initial batch of camshafts, layer thickness measurements
are performed at the beginning, middle, and end of the cam's length, including the lift,
cylindrical section, and bearings. The maximum value obtained is recorded. The initiation and
termination points are positioned approximately 1 to 2mm from the functional cam surface's
geometric edge, which undergoes sliding contact with a WC-based valve lifter's contact plate
during operation. Due to the substantial number of hardness profiles and thickness
measurements (approximately 60), conducting comprehensive metallographic analysis by a
single researcher is not feasible. Consequently, the thickness values are visually assessed
through the use of etched samples or leaching techniques. Additional hardness profiles and Lt
thickness measurements are performed at several extreme thickness points to provide
comprehensive insights.

2.1. The relationship between Lo and Lt

The relationship between Lo (location) and Lt (layer thickness) was examined using
data extracted from acceptance protocols since 2020, along with estimations provided by two
operators. This dataset enabled a valuable regression analysis (see Figure 3). Hardness
profiles are measured at intervals of 0.2 to 0.5 mm (see Figure 2) between individual steps
from the surface to the transition zone. Note: Figures 2 and 3 are referred to in the text but are
not included in the provided context. Please ensure to include the corresponding figures in the
manuscript for a complete and coherent presentation of the analysis.

The structure of the hardened layer consists of fine martensite. The initial steel
structure corresponds to the structure obtained through normalizing annealing, characterized
by polyhedral grains of pearlite and ferrite arranged with slight longitudinal linearity.



Table 1 Hardness HV fingers.

mm 8. finger max. | 10. finger max. | 11. finger max. | 10. finger min.
0,5 603 593 613 566
1 593 603 593 549
1,5 603 593 593 558
2 613 603 613 516
2,5 623 593 603 423
3 593 584 593 208
3,5 603 558 593 206
4 613 466 584
4,5 549 407 516
5 532 306 466
5,5 454 197 362
6 386 260
6,5 336
7 190
Lt Rht450 5,5 mm 4,12 mm 5,1 mm 2,3 mm
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Fig. 2. Processes HVS (table 1) — iduction hardened layers of cam inches

A locally applicable linear expression for measuring thicknesses (Luv = Ltrnuso) of the
surface-induction hardened layers of camshafts, with a regression coefficient of determination
(R*2) 0f 0.97, is used.

Ltrnso = 0,7996*L, + 0,137 [mm] 1)

For small thicknesses up to 1.5 mm, a separate optimal polynomial expression with a
regression coefficient of determination (R*2) of 0.91 is used to analyze the data.
Lriuso = 2,9645%L, - 0,619*L,* - 1,33 [mm] 2)
The upper specification limit (Lmax =4 mm = Ltruuaso) corresponds to an estimated value of Lo
=4.82mm. The lower specification limit (Lmin = 1 mm = Ltrnuso = Lo) is identical to the ac
tual thickness.



The Relationship between Hardened Layer Thickness LRht
and Visually Estimated Thickness LO - Camshafts TEDOM
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Fig.3. Mutual relation of visual estimates to actual hardened layer thicknesses of cam inches
and cylinders

The average error of visual thickness estimation (Luv) remains relatively constant at
0.205mm throughout the entire measurement range of L. As a result, the relative error of
estimation at the lower limit L = 1mm is approximately 20%, while at the upper limit L =
4mm, it is only 5%.

2.2. Non-destructive measurement

A comprehensive review of the current state and methods for non-destructive
measurement of surface-induction hardened layer thickness was conducted as part of a
master's thesis [2]. Physical techniques based on ultrasound [3, 5], eddy currents, and
magnetic testing have been widely explored. The focus of this study was on investigating the
magnetic spot method [4], which has demonstrated successful application at POLDI Kladno
[6, 7].

Previous successful implementations of ultrasound testing (UT), eddy current testing
(ET), and magnetic testing (MT) have primarily targeted large, flat, or rotating surface-
hardened components and layers. However, the camshaft, characterized by small cam
positions with varying curvatures and relatively narrow surfaces, poses unique challenges. In
the context of the ongoing research project, ultrasonic testing using a SOMHz immersion
probe did not yield satisfactory results.

Similarly, the direct measurement of remanent magnetism (M) using the magnetic spot
method, which proved successful at POLDI [6, 7], was found to be unsuitable. However, a
modified measurement approach currently under investigation shows promising results by
effectively separating the influence of hardness and case depth.



Cam profiles - Relationship between M2 and
Visual Thickness Magnitude of Hardened Layer
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Fig.4. Mutual relation of visual estimates layers of cam inches and cylinders to modified
magnetism value
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Fig.5. Relation of layers of cam inches and cylinders according Rht450 to modified
magnetism value

Value SM2 work out with from the first a repeated measurement residual magnetism
M [A/m]. Magnetic measurements were conducted using the DOMENA B2 device (ELKOSO
s.r.0., Brno). The standard accompanying sensor used for these measurements has a diameter



(width of the cam) of 21mm. The closest correlation was thus obtained with the average
thickness of the layer (thickness or depth) L.

L = Lmy = (Lz + Ls + Lk)/3 [mm] 3)

For the next stage of development, a custom probe with a smaller diameter (d) will be
manufactured for measuring the longitudinal extremes of layer thickness on the camshafts.

Loy =11,03*3M2 - 0,78  R>=0,89  [mm] @)
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Fig.6 Relation of the visual capacity Ly of the exhaust cam inch layers to the modified value
of the residual magnetism M

L= 31,61%3M2 2,835 R?>=0,95 [mm] )

Magnetism has a closer relationship with visual estimations than with Rht450 layers
(Fig. 4 and 5). The value of modified magnetism integrates the influence of the entire layer
(the "volume of martensite in the layer") including the transition zone. The computational
relationship (Eq. 4) differs for cams, cylindrical surfaces, and bearings. The measurements
can be applied to shafts prior to magnetic powder testing for surface defects.

3. Conclusion

Measuring the actual thickness of induction-hardened layers on cams and camshaft bearings
during acceptance inspections according to ISO 15787 is time-consuming and costly. The
presented reliable visual estimation of layer thickness can significantly reduce the inspection
time. The development of non-destructive magnetic diagnostics for measuring the thickness
of induction-hardened layers can provide time and, in particular, financial benefits (tens of
thousands of CZK per inspection). Furthermore, the cost of the DOMENA devices represents
approximately one-tenth of the acquisition costs of specialized eddy current structure scopers
(MAGNATEST series, EDDYLINER, etc.) or ultrasound equipment.
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Impact-Echo Testing Methods for Determining the Defect of Cured-In-
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Abstract

Non-destructive testing of cured-in-place pipe (CIPP) ensures that the liner (CIPP) has been successfully installed
and that the pipe will function reliably, the Acoustic methods are used to detect cracks or leaks in pipes as the
Impact-Echo (IE) method. This study aims to design a device to carry the tools inside the pipe. The received signals
were analyzed to identify delamination, cavities behind CIPP, and overall pipe health.

Keywords: CIPP (Cured-In-Place Pipe), Non-Destructive Testing (NDT), acoustics, impact-echo.
1. Introduction

With CIPP, it is not necessary to dismantle the surrounding structures; you only need to reach
access points at the beginning and end of the pipe. However, this approach can lead to different
types of defects[1].

Trenchless pipe rehabilitation using KAWO technology involves the use of Cured in Place Pipe
(CIPP) technology, in which a resin-saturated felt sleeve is introduced into the host pipe. This
sleeve is in the form of a coiled hose that is forced into the pipe using the water column. Hot
water or hot air is used to compress the sleeve and place it. The high temperature (60-80°C)
triggers a polymerization reaction that hardens the saturated sleeve and creates a new pipe that
takes over the function of the original pipe.

" > A le L-‘,‘%rl"*-v

Fig. 1 Scheme of the procedure for measuring mechanical waves by the IE method through
material [5]

The goal is to examine the defects between the host pipe and the newly cured pipe inside it.
However, the existence of holes, cracks or obstructions prevents the desired tight connection
from being achieved, which in turn reduces the life of the renovation. It focuses on the non-
destructive examination of these defects using the NDT technique. The effort is to use the
Impact-Echo (IE) method on sections of CIPP composite pipes in concrete or metal host pipes.
Previous research has shown that the stiffness of cured CIPP composite pipes can vary
depending on factors such as the curing process and environmental conditions [2]. Changes in
stiffness can be characterized by changes in acoustic parameters such as resonant frequency,
attenuation, and other characteristics of typical IE signals.



Impact-echo may be a suitable method for tracking these tube polygons. Impact-echo is a non-
destructive test method that uses a short-term mechanical impact generated by a hammer on the
surface of the examined sample or structure [3].

The surface displacements caused by the reflected waves are captured by a sensor located close
to the impact site, as shown in Fig. 1. The signal is digitized using an analog-digital data system
and transferred to computer memory. This signal reflects local transient vibrations, which are
the result of repeatedly reflected mechanical waves inside the examined sample or structure [4].
Kang et al. investigated the use of the Impact-echo method to detect a cavity in the sand
subgrade of a 50-mm-thick concrete slab, which corresponds to sewer pipes in Korea. In their
research, they compared signals obtained over a cavity (simulated by polystyrene), over dry
sand, and over wet sand that was filled with water and left in this state for 24 hours [6].

The signals were processed by first performing a Fourier transform and identifying the resonant
frequency, which is the frequency corresponding to the time it takes for one round trip of the
acoustic wave across the plate. They then created a spectrogram using STFT (Short-Time
Fourier Transform).

2. Description of the measurement
A test measurement was carried out using an excitation hammer and a microphone on a test
polygon with two pipe linings with a KAWO insert on the premises of WOMBAT s.r.0. This

field measurement was aimed at identifying different types of defined frequent defects on the
KAWO

Metal clamp CIPP Slap t= 6-15-25 mm Sensor

cavern by Polymer pipe
5i02 Sand

~ Container

Fig. 2 Scheme of the proposed experiment and testing procedure [7]

For laboratory testing, an experiment was designed according to Figure 3, which is illustrated
in Figure 2. The experiment includes a container with external dimensions of 1.0 m x 0.5 m,
filled with sand and artificial defects such as a hollow polymer tube. On this base will be placed
a composite plate made of the material of a simplified type sample commonly used in CIPP
technology. The composition and composition of this board were consulted with WOMBAT
s.r.0. and represent the basic type specimen. In this case (Fig. 2), the excitation and recording
of the signal was also done using apparatus that did not include a hammer, but used a controlled
"exciter-sensor" system.



3. Solution

Fig. 3 impact echo devices

Creation and design of a cart for transporting equipment inside a pipe for testing a circular
area Fig. 4.

Fig. 4 trolley with microphone and solenoid controller
the holder for the sensor and the solenoid were made as prototypes using a 3D printer

Fig. 5 holde;’ for mic;ophone and solenoid controller



In the solution, we tried to find the best microphone response for our application. In order to
record the hammer blows better, the MEMS microphone was replaced by a highly dynamic
microphone and the classic hammer was replaced by a linear solenoid actuator as shown in
Figs. 3,4, 5.

Conclusion

The use of the applied IE method and the design of devices for monitoring pipe properties with
the CIPP system. Prototypes achieve remarkable success in measuring and identifying voids
and cracks

In the next part of the study, we would assume the execution of further experiments with an
already partially debugged prototype working in a more user-friendly environment.

Update the design that carries the device and make it more efficient and practical in case of
customer use and real test field.

Increasing the number of observations for specified types of defects: voids and absence of
concrete.
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