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Kljuéne re€i: U TWIN, EN15085-2, okretna postolja

Rezime

Okretna postolja su sastavni elementi vagona
koji omogucuju lakSi prolazak zeljezniCkih vozila
kroz zavoj smanjujuéi trenje i troSenje izmedu
kotaCa i traCnice. Na okretno postolje vezani su
osovinski sklopovi i vu¢ni motor vozila. U skadu sa
normom EN 15085-2 klasifikacijski nivo CL1
postavljeni su zahtjevi za kvalitetu zavarenih
spojeva Zeljeznickih vozila, a tako i odredenih
komponenti, s obzirom na zahtjeve danas se u
tvrtci DPDSV proizvode okretna postolja primjenom
konvencionalnih postupaka zavarivanja. U radu je
prezentirana primjena dosadasnje tehnologije pri
zavarivanju okretnih postolja, te su prikazani
rezultati ispitivanja i primjena robotiziranog TWIN
procesa zavarivanja.

Adresa autora / Author's address:

" Industroreomn d.o.o., Slavonski Brod, Hrvatska
2 Puro Pakovié¢ Specijalna vozila d.d., Slavonski Brod, Hrvatska
3 Sveuciliste u Slavonskom Brodu, Slavonski Brod, Hrvatska

* Drustvo za tehniku zavarivanja Slavonski Brod, Slavonski Brod,
Hrvatska

email:  dmaric@unisb.hr

Keywords: U TWIN, EN15085-2, bogies

Abstract

Bogies are integral elements of wagons that
enable easier passage of railway vehicles through
a curve by reducing friction and wear between the
wheels and the rail. The axle assemblies and
traction motor of the vehicle are attached to the
bogie. In accordance with the standard EN 15085-2
classification level CL1, requirements have been
set for the quality of welded joints of railway
vehicles and certain components, with regard to the
requirements, today bogies are produced in the
company BDBDSV using conventional welding
procedures. The paper presents the application of
current technology in the welding of turntables, as
well as the test results and application of the robotic
TWIN welding process.

Rad je u originalnom obliku objavijen u Zborniku radova sa Medunarodnog nauénog i struénog skupa: Zavarivanje spaja —
,Zavarivanje i zavarene konstrukcije 2023 odrzanog u Sarajevu, BiH, od 25. do 27. oktobra 2023. godine.
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1. Uvod
Teretni vagoni su ZeljezniCka vozila koja se
sastoje od vise sklopova, podsklopova i

komponenti Cija izvedba u cjelini mora udovoljiti
funkcijskim zahtjevima i te normama EN 15085-2
classification level CL1. Vagon se u osnovi sastoji
od vagonske karoserije koja ujedno ima funkciju
prijevoza odredenog tereta. Ostali elementi su
vozna postolja, vuéno - odbojni uredaji, kocioni

4
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sustav i dodatna oprema specijalne namjene.
Jedan od sastavnih sklopova su i okretna postolja.
Opcenito, okretno postolje je element vagona koji
omogucuje laksi prolazak zeljezni¢kih vozila kroz
zavoj smanjujuci trenje i troSenje izmedu kotaca i
traCnice. Na okretno postolje vezani su osovinski
sklopovi i vu¢ni motor vozila. Na slici 1 prikazano je
okretno postolje u sklopu teretnog vagona.

Slika 1. Okretno postolje u sklopu teretnog vagona

Figure 1. The bogie as part of the freight car

2. Okretno postolje

Osnovni elementi okretnog postolja su osovinski
sklop, sustav vodenja kotaa, uzduzni nosac i
poprecni nosac Sto je i vidljivo na slikama 2 do 4.
Elementi koji su ovim radom obuhvaceni, a

zahtjevaju najvecu pozornost prilikom zavarivanja
ali i kontrolnih aktivnosti su uzduzni nosaci i sam
poprec¢ni nosac. Ovi sklopovi izradeni su od Celika
S355J2+N.

SUSTAV VODENJA KOTACA

Slika 2. Osnovni sklopovi okretnog postolja

Figure 2. Basic assemblies of the bogie

52
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Slika 3. Izgled poprec¢nog nosaca pri ruénom zavarivanju u napravi

Figure 3. Appearance of the transverse support during manual welding in the device

Slika 4. Sastav popre¢nog nosaca u napravi

Figure 4. Composition of the transverse support in the device

Kako bi se omoguéilo postizanje vece
kvalitete zavarenih spojeva na navedenim
sklopovima i podigli proizvodni kapacitet uvodi se
zamjena ru¢nog procesa s robotiziranim TWIN
procesom zavarivanja. Sustav se moze sastojati od
zajedniCkog ili zasebnog izvora napajanja za
pojedinu Zicu. KoriStenje oba izvora napajanja je
najceS¢ée potrebno ukoliko je potrebno ostvariti
maksimalne vrijednosti struje za zavarivanje. Kada
se tokom zavarivanja koriste Zice istog promjera i

ista brzina dodavanja Zice, tada je dovoljna samo
jedna jedinica za dodavanje Zice (s dvotracnim
valjcima za dodavanje Zice) slika 5.

Rad twin sustava znacajno pojednostavljuje
Cinjenica da su obje Zice istog elektricnog
potencijala te je time olak§ano postavljanje
parametara zavarivanja. [1]

Kostahtn ]
wh N

Valjsk 2 - 8-8-4 lovee
dodmanje ica | U |

PP PTTTTPT I on, v
G
—

Slika 5. Zavarivanje twin sustavom [2, 3]

Figure 5. Twin system welding [2, 3]
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Zavarivanjem s dvije Zzice moguce je
ostvariti velike brzine zavarivanja i time se smanjuju
deformacije materijala koje su uzrokovane velikim
unosom topline. Takoder, kada je u pitanju unos
topline, twin sustav ucinkovito koristi toplinu koja se
unosi tokom zavarivanja jer prateci elektriéni luk
zagrijava zicu u zajedniCku rastaljenu kupku. U
postupcima gdje se Kkoristi viSse pistolja za
zavarivanje, rastaljeni metal nakon prvog luka
o€vrsne i ponovno zagrijava sljede¢im lukom [4].
Prilikom taljenja obje Zice, rastaljena kupka koja
nastaje je izduzena i time se omogucuje duZi
vremenski period izlaska Stetnih plinova, a samim
time smanjuje se poroznost u zavarenog spoja.

Prema istrazivanju DINSE G.m.b.H. [2],
koli¢ine depozitnog materijala dosezu vrijednosti do
12,7 kg/h kada se koristi puna zica promjera 1 mm.
Takav maksimalan unos dodatnog materijala
osigurava visoku pouzdanu izvedbu i izvrsno
premoScivanje velikih razmaka tokom zavarivanja.

4
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Za naprednije twin sustave uz racunalno
kontrolirani nadzor, Cesto se koristi drugi dodavaé
Zice koji omogucuje razliite brzine dodavanja i
promjere Zica. Medutim, ograniCena je mogucnost
upotrebe razliCitih Zica zbog <&injenice da obje
koriste isti napon pri zavarivanju.

Koridtenjem razliitih  tipova elektri¢nih
lukova postiZze se optimizirana geometrija zavara.
Kombinacijom klasiénog tipa zice (bez ikakvog
punjenja) s Zicom koja je punjena ostvaruje se
zavareni spoj u kojemu vodeca puna Zica osigurava
dovoljnu penetraciju dok punjena Zica naknadno
osigurava dobro spajanje boénih stijenki materijala

[1].

Primarna Zica je ona Zicu koja prva uspostavi
elektriéni luk u procesu zavarivanja. Iz slike 6.
vidljivo je kako zica koja se u odredenom trenutku
ne napaja impulsnom strujom i dalje ostaje
elektricki aktivna u atmosferi zastitnog plina i vrsi
utjecaj na Zicu do koje se dovodi impulsna struja.

Slika 6. Interakcija elektricnih lukova pri zavarivanju (primarna Zica se nalazi lijevo) [4]

Figure 6. Interaction of electric arcs during welding (primary wire is on the left) [4]

Struje malih vrijednosti koje izlaze iz pasivne
Zice (do koje se ne dovodi el. struja) priviaCe se
prema aktivnoj zici sve dok se elektriéni luk
ponovno ne upali. RasprSene kapljice unutar
elektricnog luka mogu se u odredenim uvjetima
spojiti (tvoreci zajedniCki elektriéni luk) u letu i
formirati u vece kapi. Takoder, u drugim
sluCajevima kapi ¢e imati slobodan let do radnog
komada koji se zavaruje i opet priblizno pasti u

rastaljeni bazen. U ovim postupcima zavarivanja,
piStolj za zavarivanje moze biti orijentiran na viSe
nacina. Jedan od nacina orijentacija pistolja za
zavarivanje je taj da zZice stoje serijski, odnosno da
je polozaj Zica u istoj ravnini kao i smjer
zavarivanja. Drugi nacin orijentacije je taj da Zice
stoje paralelno jedna pored druge i tako tvore
znatno Siri zavareni spoj. U takvom poloZaju su Zice
orijentirane okomito na ravninu smjera zavarivanja.

54
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Slika 7. Twin sustav s a) orijentacijom Zica u ravnini smjera zavarivanja i b) orijentacijom zica okomitom na smjer
zavarivanja [3]

Figure 7. Twin system with a) wire orientation in the plane of the welding direction and b) wire orientation
perpendicular to the welding direction [3]

Primjerice, pri zavarivanju tankih limova tezi
se ponajprije posti¢i veéu brzinu zavarivanja i tada
se koristi orijentacija piStolja kako je prikazano u
slucaju slike 7 a), dok pri zavarivanju debljih limova
i premo&civanju Sirokih Zlijebova je cilj ostvariti bolju
penetraciju i veCe stope proizvodnje depozithog
materijala i tada se Koristi orijentacija kako je
prikazano u slu€aju slike 7 b).

Kako je ranije navedeno, ako su obje Zice
na istom polaritetu, dva luka se medusobno
priviaCe i djeluju poput jednog izduzenog luka. Ta
tokom zavarivanja. U slu€aju da su Zice orijentirane
u smjeru zavarivanja, luk na vodecoj Zici biti ¢e

izlozen udaru sa straznje strane, dok je na pratecoj
Zici luk izloZzen udaru od naprijed. U takvom
rasporedu, prate¢a Zica odreduje konacni oblik
zavara [3]. Odabrana razina isticanja Zica i kutovi
Zica u pistolju za zavarivanje takoder imaju utjecaj
na proces zavarivanja. Elektrode tj. Zice za
zavarivanje se Cesto uvode kroz kontaktni vrh pod
odredenim kutom tako da su blago usmjerene
jedna prema drugoj dok prolaze kroz pistol].
Udaljenost izmedu elektroda izmjerena na izratku
naziva se meduelektrodna udaljenost i naj¢esée za
MIG/MAG sustave iznosi 4 - 8 mm [1]. Na slici 8,
vidljiva su razliCita isticanja Zica u serijskom i
paralelnom orijentacijom.

>

__

Slmer Zavarmiama

La)

——

Stjer Zavamvanga

@ Vodeca Bea

0 Prateda 2ica

(b)

Slika 8. Razlicita isticanja Zica u a) zavarivanju sa serijskom i b) paralelnom orijentacijom Zica [5]

Figure 8. Different wire going out in a) welding with serial and b) parallel wire orientation [5]

Prednosti twin sustava: Moguénost koristenja
jednog izvora energije i dodavaca zice (po potrebi i
dodatni). Povecéanje brzine zavarivana i koli¢ine
depozithog materijala.  Sposobnost  potpune

robotizacije sustava i upravljanja putem software-a.
Pistolj za zavarivanje do 50 % manjih dimenzija
nego u tandem sustavu [2]. Manja cijena opreme
za zavarivanje u odnosu na tandem sustav. Zice

ZAVARIVANJE | ZAVARENE KONSTRUKCIJE, 2/2024, str. 51-60
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mogu biti postavliene u ravnini sa smjerom
zavarivanja i okomito u odnosu na isti. Manji unos
topline zbog toga $to oba elektricna luka tvore istu
rastaljenu kupku. Fleksibilnost sustava u smislu da
ukoliko nije potrebno, mozZe se koristiti samo jedna
Zica. Smanjeno vrijeme pripreme zavarivanja zbog
jednostavnijih parametara. Omogucavanje
konstantne kvalitete zavara pri visokim brzinama.

3. Primjena TWIN sustava pri zavarivanju
sklopova okretnog postolja

Sklopovi koji su zavarivani izradeni su od
nelegiranog i normaliziranog konstrukcijskog &elika
S355J2+N. U tabeli 1 je prikazan kemijski sastav
vrucée valjanih plo¢a od Celika S355J2+N.

a

SCIENCE*RESEARCH*DEVELOPMENT

Nedostatci twin sustava: Cijena opreme i
software-a koji podrzavaju robotsko zavarivanje. U
sustavu gdje su Zice postavljene pod odredenim

kutom mozZe doéi do otklona Iuka ukoliko
meduelektrodna udaljenost nije pravilno
postavljena. Zice ne mogu Kkoristiti potpuno

neovisne postavke kao u tandem zavarivanju.
Potrebna obuka radnika za upravljanje robotom.

Tabela 1. Kemijski sastav ¢elika S355J2+N
Table 1. Chemical composition of steel S355J2+N

C, % Si, % Mn, %

P, %

S, % Cu, % Fe, %

<0,22 <0,55 <1,6

< 0,035

<0,035 | <0,06 | ostatak

Priprema Zlijeba za zavarivanje izvrena je sa i
bez zazora. Skica pripreme Zlijeba bez zazora

uzorak U1 je prikazana na slici 9 a), sa zazorom
uzorak U2 1.25 mm slika b).

uwn

A

-——

!
i

b)

Slika 9. Skica pripreme Zlijeba za zavarivanje

Figure 9. Sketch of the preparation of the groove for welding

Kako bi se sve moguce varijante proizvodne
provjerile ovoga procesa jedna priprema je izvrSena
bez zazora ali su izvedeni pripoji preko kojih se
vrilo zavarivanje.Za ovaj slu€aj Zlijeb se priprema

na isti nacin kao i u slu€aju zavarivanja bez zazora,
ali se radni komadi spajaju pripojima prije
zavarivanja kako je prikazano na slici 10, uzorak
u3.

56
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Slika 10. Zavarivanje preko pripoja

Figure 10. Welding over the joint

Zavarivanje bez zazora izvedeno je sa slede¢im
parametrima:

Zica G3Si1, ® 1,2 mm, zastitni plin M21 (18% CO2
+82% Ar), 1. zica Iy =374 A, U, = 27,2V, 2. Zica |,
=229 A, U, = 26,2 V, brzina zavarivanja: v = 85
m/min, pozicija zavarivanja: PB.

Zavarivanje sa zazorom od 1,25 mm izvedeno s
parametrima:

Zica G3Si1, ® 1,2 mm, zastitni plin M21 (18% CO2
+82% Ar), 1. zica Iy =359 A, U, = 27,6 V, 2. Zica I,
=230 A, U, = 254 V, brzina zavarivanja: v = 85
m/min, pozicija zavarivanja: PB

Zavarivanje izvodilo s

parametrima:

Zica G3Si1, ® 1,2 mm, zastitni plin M21 (18% CO2
+82% Ar), 1. zica I, =359 A, U, = 27,6 V, 2. Zica I,
=230 A, U, = 254 V, brzina zavarivanja: v = 85
m/min, pozicija zavarivanja: PB.

preko pripoja se

Na slici 11. su prikazani zavareni radni uzorci.

Slika 11. Zavareni uzorak

Figure 11. Welded sample

a) uzorak Ul

b) uzorak U2

¢) uzorak U3

Slika 13. Dimenzionalna kontrola zavarenih uzorka a)U1, b)U2, c)U3

Figure 13. Dimensional control of welded samples a)U1, b)U2, c)U3
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Rezultati mjerenja tvrdoée na uzorcima prikazani
su u Tabeli 2, i dijagramski na Slici 14.

Tabela 2. Mjerene tvrdoce na zavarenim uzorcima

Table 2. Results of the hardness measurement on welded samples

Izmjerena tvrdo¢a, HV10
Mjesto mjerenja Uzorak ,U1" Uzorak ,U2“ Uzorak ,U3“
1 133,4 130,3 171,4
2 132,7 136,1 177,5
3 131 132,1 168,3
4 135,1 148,5 166,8
5 160,5 149 170,4
6 163,3 163,7 172,9
7 202,2 213,7 216,4
8 204,7 210,8 212,8
9 208 218,9 214,8
10 248,2 274,3 272.,5
11 2374 190,4 219
12 187,7 1771 188,3
13 171,6 162,1 167,3
14 174,4 156,2 164,9
15 173,7 155,1 163
Izmjerena tvrdoéa
300
%0
(=]
S 20
-
g 150
T
g - ‘n ‘“ “l
50
[+]
Uzorak , U1 Uzorak ,,U2“ Uzorak ,U3"
oM T I uT oM
m] 52 =3 °4 ©S "6 BT Bk BY 10 11 12 m13 =14 m1S

Slika 14. Dijagram rezultata mjerenja tvrdoée na zavarenim uzorcima U1, U2, U3

Figure 14. Diagram of hardness measurement results on welded samples U1, U2, U3
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Kako je vidljivo na Slici 14, znacajnijeg rasipanja
podataka tj. vrijednosti tvrdo¢a nema pri promjena
priprema zavarenih spojeva. Kako se uspjedno
moze izvesti zavarivanje primjenom ovoga procesa
zavarivanja ide se u primjenu navedene tehnologije

4
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koja ¢e u konacnici primjenom u sustavu koji je
robotiziran omoguciti podizanje kvalitete zavarenih
spojeva sklopova okretnih postolja ali samim time i
podizanje proizvodnih kapaciteta (slika 15).

a)

b)

Slika 15. Kapaciteti proizvodnje a) trenutno stanje tehnologije, b) primjenom nove tehnolgije zavarivanja TWIN

Figure 15. Production capacities a) the current state of technology, b) using the new TWIN welding technology

5. Zakljuéak

Zbog buduceg povecanja proizvodnje vagona, a
samimi time i potrebom sve veceg broja okretnih
postolja uvodenje novih tehnologija zavarivanja i
sama robotizacija pogona biti ¢e neophodni.

Osim povecavanja kapaciteta u proizvodniji
vagona razlozi su i sve &e8¢i odlasci i dolasci
zavarivata (ostvarivanje kontinuiteta u procesu
zavarivanja jako tesko), kvaliteta zavarivaca je sve
niza, robotsko zavarivanje omogucuje konstantno
kvalitetno zavarivanje $to je kroz rad i prezentirano
da je primjenom TWIN sustava zavarivanja to
moguce posti€i bez obzira na promjene u
pripremam zavarenih spojeva. Sto je najvaznije
brzina zavarivanja koja je vefa od rucnog
zavarivanja omoguciti ¢e postizanje Zeljene koliCine
zavarenih spojeva.

5. Conclusion

Due to the future increase in the production of
wagons and thus the need for an increasing
number of bogies, the introduction of new welding
technologies and the robotization of the drive itself
will be necessary.

In addition to increasing the capacity in the
production of wagons, the reasons are the more
frequent departures and arrivals of welders
(achieving continuity in the welding process is very
difficult), the quality of welders is getting lower,
robotic welding enables constant high-quality
welding, which is demonstrated through the work
and presentation that by applying the TWIN welding
system it is possible to achieve regardless of
changes in the preparation of welded joints. Most
importantly, the welding speed, which is higher than
manual welding, will allow the desired amount of
welded joints to be achieved.
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Abstract

Over the past three decades, extensive research
has been conducted on WAAM (Wire and Arc
Additive Manufacturing), a production technology
that traces its origins back almost a century with its
initial patent. This technology has garnered
increasing attention due to its capability to fabricate
large near-net-shape metal products. The utilization
of existing welding equipment for the heat source
and material feedstock in WAAM offers the
advantage of lower initial investment costs.
Originally gaining prominence in the aerospace
industry, it primarily focused on the utilization of
lightweight metal alloys. However, recent
advancements have broadened the scope of
WAAM to encompass numerous products,
including functionally graded materials (FGMs) and
the combination of diverse alloys. This study seeks
to unveil the latest breakthroughs and potential
avenues in WAAM technology, offering valuable
insights and recommendations for future research
endeavors.

wire and Arc Additive Manufacturing,
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Rezime

Tokom protekle tri decenije, sprovedeno je
opsezno istrazivanje o Aditivnoj proizvodniji Zicom i
elektricnim lukom WAAM-u (Wire Arc Additive
Manufacturing), proizvodnoj tehnologiji koja svojim
pocCetnim patentom vodi svoje poreklo skoro jedan
vek unazad. Ova tehnologija priviaéi sve vecu
paznju zbog svoje sposobnosti da proizvede velike
metalne proizvode pribliznog oblika i dimenzija
konacnog proizvoda. Koris¢enje postojece opreme
za zavarivanje za izvor toplote i potroSnog
materijala u WAAM-u nudi prednost nizih poc€etnih
troSkova ulaganja. Postupak je prvobitno stekao
znacaj u vazduhoplovnoj industriji, prvenstveno se
fokusirao na koriS¢enje lakih metalnih legura.
Medutim, nedavni napredak proSirio je obim
WAAM-a kako bi obuhvatio brojne proizvode,
ukljuCujuc¢i  funkcionalno graduisane materijale
(FGMs) i kombinaciju razli¢itih legura. Ova studija
nastoji da otkrije najnovija otkrica i potencijalne
puteve u WAAM tehnologiji, nudeci vredne pristupe
i preporuke za buduce istrazivacke poduhvate.

The paper was published in its original form in the Proceedings of the International scientific and professional conference: Welding
connecting - "Welding and welded structures 2023" held in Sarajevo, BiH, from October 25 to 27, 2023.
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1. Introduction

The constant evolution of the industry serves as
a driving force, compelling researchers to always
explore novel production technologies. In recent
times, additive manufacturing technologies have
gained significant popularity due to their ability to

fabricate intricate components with enhanced
efficiency.  However, until the extensive
development of Wire and Arc Additive

Manufacturing (WAAM), the majority of additive
manufacturing methods were unable to effectively
produce metal parts. WAAM is the easiest to
describe as a fusion of welding and additive
manufacturing. It harnesses an electric arc as the
primary heat source and employs welding wire as
the feedstock material, all while being guided by
robotic hands or CNC machines for precise
movement [1]. Although the first patent related to
WAAM dates back to 1925 [2], it wasn't until its
potential for reducing raw material waste in the
aerospace industry was  discovered that
researchers began to show heightened interest in
this technology [3]. Consequently, much of the
experimentation and research in the field has been
concentrated on the production of aerospace
components, thereby dictating the choice of
materials predominantly used, such as titanium,
aluminium, nickel-based alloys, and so forth [4].

Thanks to wider use and interest from
researchers all over the world, more and more
different metals and alloys are being produced
using this technology. For example, one of the
abilities which distinct WAAM from conventional
technologies is production of functionally graded
materials (FGM) - composite materials that exhibit
a gradual variation in their composition,
microstructure, or properties over their volume [5].
Unlike traditional homogeneous materials, they are
engineered to possess tailored and smooth
transitions from one constituent material to another,
resulting in unique and desirable properties along
the gradient. Furthermore, valuable insights have
emerged from studies focusing on thermal
management during the WAAM process, stress
relief, and post-processing machining techniques.
These endeavors aim to facilitate the production of
parts that not only match the characteristics of
conventionally manufactured counterparts but
potentially surpass them in terms of quality and
performance.

4

SCIENCE*RESEARCH*DEVELOPMENT

2. Latest findings and advances in WAAM
2.1. Stainless steels

Researchers are increasingly intrigued by stainless
steels due to their versatile applicability. Wire Arc
Additive Manufacturing (WAAM) presents a
potential  solution for various challenges
encountered in traditional production processes.

Paper [6] presents the use of a TIG method with
a novel current waveform comprising a mixture of
AC and DC for the production of stainless steel
components. An austenitic welding wire (G 18 8
Mn) was employed as an additional material. The
current modes were varied, ranging from 100% DC
to a combination of 70% DC and 30% AC, with the
AC ratio gradually increasing. The microstructure
exhibited refinement as the AC ratio increased,
leading to a transformation in the morphology of
austenite from columnar dendrites to equiaxed
dendrites. Consequently, the average grain size
decreased, indicating an enhanced degree of
refinement with a higher AC ratio. Moreover, it
resulted in improved tensile properties in both
directions, likely attributable to the grain refinement
effect.

One of the parameters that can be manipulated
during research is the interpass temperature, as
demonstrated in [7]. Super-duplex stainless steel
wire ER2594 (25 9 4 N L) was used to fabricate two
"walls." While all other parameters remained
constant, the interpass temperature for the first wall
was set at 150 °C, whereas for the second wall it
was adjusted to 100 °C. As a result, the second
wall exhibited a lower ferrite content, approximately
10% less, which subsequently led to higher
maximum fatigue limit stresses. These findings are
proof that even minor alterations to process
parameters can exert a significant influence on the
final product.

Fatigue life was an important characteristic for
the authors of paper [8]. They compared their
product with the forged 13Cr4Ni martensitic
stainless steel typically employed in hydro turbine
runners. Welding wire uses was ER410NiMo (G 13
4). For WAAM-produced component, fatigue
strength of 107 cycles at room temperature was 468
MPa, surpassing the forged part's fatigue strength
of 370 MPa. Furthermore, the WAAM part exhibited
higher yield strength and ultimate tensile strength
when compared to the forged counterpart.
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2.2. Aluminium

As previously mentioned, the aircraft industry
has played a significant role in driving the
development of Wire Arc Additive Manufacturing
(WAAM). Given that aluminium is extensively
utilized in the aircraft industry, it is not surprising
that numerous research papers focus on this
material.

In paper [9] a study is presented focusing on two
aluminium alloys: Al-Mg and Al-Mg-Sc alloy. The
inclusion of Sc was chosen due to its ability to
refine grains and convert non-heat treatable
strengthened alloys into heat-treatable
strengthened alloys. Additionally, Sc enhances
fatigue strength and resistance against microcrack
growth in Al-Mg alloys. Following the production
process, an additional heat treatment was applied.
The addition of Sc was found to be crucial in

4
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93%. The uniform precipitation of Al;Sc particles
during deposition through WAAM significantly
impeded dislocation motion, leading to further
improvements in the strength of the deposited Al-
Mg-Sc alloy. The mechanical properties such as
yield strength, ultimate tensile strength, and
elongation were also enhanced, which was
attributed to the refined grain structure and
precipitation strengthening. Although there was
only a slight improvement in hardness observed
through heat treatment due to the absence of
supersaturated Sc available for precipitation, the
heat treatment temperatures did not have a
significant influence on the mechanical properties,
as shown in Picture 1.

The differences in mechanical properties among
Al-Mg alloys with varying heat treatment
temperatures were minimal, and the same trend

, : . : was observed for AI-Mg-Sc alloys. However
increasing the nucleation rate and reducing the significant differences ingmechanigal ro erties:
grain size. Depending on the heat treatment wgre attributed to the presence of Sc prop
temperature, the grain size was reduced by 86- P :
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Picture 1. Mechanical properties of a) Al-Mg alloys and b) Al-Mg-Sc alloys
Slika 1. Mehanicke karakteristike a) Al-Mg legura i b) Al-Mg-Sc legura

Optimization of parameters to produce
aluminium alloy of good quality was presented in
the paper [10]. The MIG method was employed
with a new hybrid arc technology that combined
cold metal transfer and pulse transfer. The AA2024
filer wire was used in the process. Three key
parameters were varied: wire-feed speed (WFS),
travel speed, and the CMT/P ratio, which
represents the ratio of the number of cold metal
transfer stages to pulse stages in a cycle. Among
the parameters studied, the wire-feed speed had
the most significant influence on porosity. Initially,
the porosity decreased with increasing WFS, but
beyond a certain point, it started to increase again.

Lower porosity levels were achieved with lower
travel speeds, indicating higher heat input. Surface
roughness was also greatly affected by the WFS
and travel speed. Higher WFS resulted in lower
surface roughness, while the relationship between
surface roughness and travel speed was more
complex, initially decreasing and then increasing
with higher travel speeds. The CMT/P ratio played
a major role in the formation quality of the parts.
The best formation quality was achieved when the
CMT/P ratio was in the middle range. With a higher
ratio, surface roughness began to increase. In
conclusion, the study demonstrated the importance
of optimizing parameters such as WFS, travel
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speed, and CMT/P ratio to produce aluminium alloy
parts of superior quality, ensuring minimal porosity,
lower surface roughness, and better formation
quality.

In paper [11], a similar investigation to that in
paper [9] was conducted to study the impact of an
alloying element on the characteristics of an
aluminium alloy, with copper (Cu) being the
element of interest. Three different welding wires
with varying copper percentages (5%, 5.65%, and
6.3% Cu) were used in the study. Copper acts as
the strengthening element, precipitating the ©'
phase after solution ageing to enhance the
mechanical properties of the alloy. The number and
size of B phases precipitated from the as-deposited
Al-Cu alloy increased with higher copper content.
However, when the Cu content exceeded 5.65%,
larger remaining 8 phases were observed under the
solid solution treatment condition. Upon subjecting
the alloy to T6 heat treatment, the mechanical
properties reached their highest level at a Cu
content of 5.65%. This suggests that an optimal
balance is achieved with this specific copper
percentage for obtaining desirable mechanical
characteristics. An important consideration for
limiting the Cu percentage to not exceed 5.65% is
the anisotropy of mechanical properties. For parts
produced with the welding wire containing 6.3% Cu,
the vertical specimens exhibited a change in
fracture mode from ductile to brittle fracture.
Therefore, to maintain improved mechanical
properties and avoid issues related to anisotropy, it
is advisable to keep the copper content at or below
5.65%.

An interesting idea was suggested in the paper
[12], where steel strip was inserted in the middle of
the aluminium part. This steel strips serve as smart
parts providing information to the user thanks to an
embedded device. The study explored various
combinations of steel strips and welding torch offset
distances to assess their performance. The
deterioration of the bimetallic interface was
evaluated using X-ray tomography to generate
thickness maps. To analyze the bonding quality
between the steel strip and the aluminium alloy,
scanning electron microscopy (SEM) and energy-
dispersive  X-ray spectroscopy (EDS) were
employed. The results indicated that welding with
an offset equal to or less than 2.0 mm led to a
degradation of the steel strip, rendering it
unsuitable for creating a high-quality bond. Upon
observing the side view of the samples, it was
found that an offset of 3.0 mm resulted in a bead
and a strip separated by significant void space.
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Therefore, using an offset of 3.0 mm or more was
also considered inappropriate. On the other hand,
when an offset of 2.5 mm was employed, a
bimetallic layer was identified through EDS
analysis, indicating a sign of strong bonding
between the steel strip and the aluminium part. In
conclusion, the study highlighted that an offset of
2.5 mm proved to be the most appropriate for
embedding a steel strip within an aluminium part,
ensuring a robust and well-bonded connection,
while offsets of 2.0 mm or less and 3.0 mm or more
were not suitable for achieving the desired bonding
quality.

2.3. FGM - Functionally Graded Materials

As it is already said, researches of FGM are
gaining increased interest, since WAAM offers a
viable and promising solution for the fabrication of
components composed of two or multiple distinct
materials in a gradual and continuous manner.

An intriguing approach was shown in paper [13],
where the welding wire "3Dprint AM 718"
(composed of Inconel 718 alloy) was deposited
onto a substrate made of steel grade S275. Three
sets of specimens were collected at different
stages: without any heat treatment (referred to as
AB, as build), solution-treated (ST), and aged
(STA). The AB sample exhibited a considerable
presence of the Laves phase on the deposited side,
which was only partially dissolved even after the
solution annealing process. Unfortunately, the
solution treatment resulted in undesired grain
coarsening in both the substrate and the deposited
"wall." However, the ageing treatment did not show
any noticeable grain growth. The hardness of the
substrate decreased by more than half, and this
reduction remained unchanged after ageing. On the
other hand, the "wall" exhibited increased hardness
only after ageing treatment. The elastic and shear
moduli showed an increase at greater distances
from the interface (first layer) for all treatment
conditions. This behavior can be attributed to the
relatively lower mixing of the alloying elements in
this region.

Paper [14] also presents combination of an
Inconel alloy with steel, but this research used
Inconel 825 and austenitic stainless steel 316L
(1.4404). Building manner was slightly different —
the Inconel alloy served as the substrate, and then
twenty layers of Inconel were deposited before an
additional twenty layers of stainless steel were
placed on top. The resulting structure formed the
middle part, which represented the Functionally
Graded Materials (FGM), as illustrated in Picture 2.
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Picture 2. Building of the FGM with WAAM
Slika 2. Izradjen FGM sa WAAM-om

To evaluate the mechanical properties,
specimens were extracted from all three sections
for tensile testing. For fracture toughness testing,
specimens were specifically taken from the middle
part at the FGM interface. Tensile testing results
did not exhibit significant differences among the
sections, as all of them demonstrated plastic
deformation, indicative of ductile fracture behavior.
The Crack Tip Opening Displacement (CTOD)
values were found to be similar, measuring 0.853
mm for the Inconel side and 0.873 mm for the
stainless steel side. These comparable CTOD
values imply that this FGM configuration could be
effectively employed in tough and demanding
environments.

In research [15] a distinct approach was taken,
involving the production of a complex
CoCrFeMoNiV alloy using flux-cored welding wire.
The shell of the material was composed of FeNi36,
while the other alloying elements were present in
the filling. The study encompassed chemical and
microstructural analysis, mechanical properties
testing, and an examination of the material's
behavior under abrasive wear using the G75 test.
Chemical composition analysis revealed minimal
differences between the nominal composition of the
welding wire and the final product, with minor burn-
off of Cr, Mb, and Co, which was expected during
the manufacturing process. The material exhibited
an average Young's modulus of 246 GPa, a yield
strength of 530 MPa, and a tensile strength of 560
MPa. The hardness values ranged between 252
HV10 and 270 HV10. The most significant and

noteworthy finding was the result of the G75 test,
demonstrating that this material exhibited wear
resistance comparable to cobalt-based alloys
commonly used for producing wear-resistant
claddings. The wear loss in the G75 test was
approximately 110 mma3, further indicating the
promising potential of this complex CoCrFeMoNiV
alloy for wear-resistant applications.

Other complex alloy, Fe-Mn-Si-Cr-Ni-V-C, was
used in the paper [16]. This alloy is shape memory
alloy (SMA). The resulting fabricated component
underwent a comprehensive characterization,
focusing on microstructure, mechanical properties,
and functional behavior assessment. The
fabrication process exhibited desirable features,
including low porosity and high deposition
efficiency, leading to minimal surface waviness and
reduced post-processing machining requirements.
The measured mechanical properties were
exemplary, with a yield strength of 472 MPa,
fracture stress of 821 MPa, and elongation of 26%,
indicating excellent material performance. These
mechanical characteristics render the alloy and the

manufacturing process suitable for various
construction applications. Cyclic testing was
performed, revealing a repeatable mechanical

response, high levels of absorbed energy and
maximum stress with low irrecoverable strain.
These findings highlight the material's potential for
applications in civil engineering, particularly in
seismic systems, due to its ability to withstand
repetitive loading and maintain its functional
properties effectively.
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3. Conclusions

The constant evolution of the industry has driven
researchers to explore novel production
technologies, leading to the growing popularity of
additive  manufacturing methods, particularly
WAAM. The technology's potential for reducing raw
material waste in the aerospace industry sparked
heightened interest, resulting in much research
focusing on aerospace applications and materials
like titanium, aluminum, and nickel-based alloys.
However, WAAM's versatilty has enabled its
expansion to various metals and alloys, including
stainless steels and functionally graded materials
(FGM), offering tailored material gradients with
unique properties.

Studies have revealed valuable insights, such as
the optimization of process parameters to achieve
better part quality, the influence of alloying
elements on mechanical properties, and the
integration of steel strips as smart components.
Additionally, the application of WAAM in producing
complex alloys like Co-Cr-Fe-Mo-Ni-V and Fe-Mn-
Si-Cr-Ni-V-C has shown excellent mechanical
properties and wear resistance, offering potential
for wear-resistant claddings and civil engineering
applications.

Future work suggestions would be numerous,
but some of the most important are:

- further material exploration: continue exploring
the compatibility of WAAM with a broader range of
materials, including specialized alloys for specific
industrial applications, to expand the technology's
potential in diverse fields;

- multi-material FGM development: research the
production of complex FGM structures combining
various materials with tailored properties, exploring
new designs for enhanced performance in specific
applications;

- industrial adoption and standardization:
promote the adoption of WAAM technology in
industrial sectors and collaborate on establishing
standardized procedures and guidelines to ensure
consistent quality and reliability of WAAM-produced
components;

- integration of smart components: investigate
the integration of more sophisticated smart
components, beyond steel strips, to add additional
functionalities to WAAM-produced parts for real-
time monitoring and feedback systems;

- quality assurance: improvement of in-situ NDT
techniques allow for real-time monitoring during the
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manufacturing process, helping to detect any
defects or anomalies as they occur, leading to
improved part quality and reduced scrap rates.

By addressing these future research areas, the
potential and applicability of WAAM can be further
advanced, contributing to the continuous
improvement and growth of additive manufacturing
technologies in the industry.

3. Zakljuéci
Konstantna evolucija industrije navela je
istrazivaCe da istrazuju nove  proizvodne

tehnologije, sto je dovelo do sve veée popularnosti
metoda aditivne proizvodnje, posebno WAAM-a.
Potencijal tehnologije za smanjenje otpadnih
sirovina u vazduhoplovnoj industriji izazvao je
povecano interesovanje, $to je rezultiralo velikim
fokusom istrazivanja na primenama u
vazduhoplovstvu i na materijalima kao S$to su
titanijum, aluminijum i legure na bazi nikla.
Medutim, WAAM-ova svestranost je omogudila
njegovu ekspanziju na razliCite metale i legure,
ukljuCuju¢i  nerdaju¢e cCelike i funkcionalno
graduisane materijale (FGM), nudeci prilagodene
gradijente materijala sa jedinstvenim svojstvima.

Studije su otkrile bitne stvari, kao Sto su
optimizacija parametara procesa za postizanje
boljeg kvaliteta delova, uticaj legirajucih elemenata
na mehanicka svojstva i integracija Celicnih traka
kao pametnih komponenti. Pored toga, primena
WAAM-a u proizvodnji sloZenih legura kao sto su
Co-Cr-Fe-Mo-Ni-V i Fe-Mn-Si-Cr-Ni-V-C pokazala
je odlicne mehani¢ke osobine i otpornost na
habanje, nudeéi potencijal za obloge otporne na
habanje i primenu u gradevinarstvu.

Predlozi za buduéi rad bi bili brojni, ali neki od
najvaznijih su:

- dalje istrazivanje materijala: nastaviti da se
istrazuje kompatibilnost WAAM-a sa Sirim spektrom
materijala, ukljuujuci specijalizovane legure za
specificne industrijske primene, kako bi se prosirio
potencijal tehnologije u razli€itim oblastima;

- razvoj slozenih FGM materijala: istrazivanje
proizvodnje sloZzenih FGM struktura koje kombinuju
razliCite materijale sa prilagodenim osobinama,
istraZzujuci nove dizajne za poboljSane performanse
u specifi€énim primenama;

- industrijsko usvajanje i
promovisati usvajanje  WAAM
industrijskim sektorima i
uspostavljanju  standardizovanih

standardizacija:
tehnologije u
saradivati na
procedura i
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smernica kako bi se obezbedio dosledan kvalitet i
pouzdanost komponenti koje proizvodi WAAM;

- integracija pametnih komponenti: istraziti
integraciju sofisticiranijih pametnih komponenti, u
kombinaciji sa celicnim trakama, da bi se dodale
dodatne primene delovima proizvedenim WAAM-
om za sisteme za pracenje i povratne informacije u
realnom vremenu;

- osiguranje kvaliteta: poboljSanje in-situ NDT
tehnika omoguc¢ava pracenje u realnom vremenu
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EI5
REPUBLICKO TAKMICENJE MLADIH ZAVARIVACA
Smederevska Palanka, 10. i 11. maj 2024. godine

VESTI NEWS

U okviru republi¢kog takmienja u€enika srednjih masinskih Skola Srbije (Il stepen), koje organizuje
Zajednica masSinskih Skola Republike Srbije u skladu sa usvojenim kalendarom takmienja Zajednice i
Ministarstva prosvete, odrzano je i takmi¢enje mladih zavarivaa u postupcima 111 — REL; 135 — MAG i
141 - TIG.

Takmicenje je organizovano u dva dana, 10. i 11. maja 2024. godine, a Skola domadin takmicenja
je ove godine bila Masinsko-elektrotehnitka $kola “GOSA” u Smederevskoj Palanci. Praktiéni deo
takmicenja u disciplini zavarivanje obavljen je u Institutu “GOSA” u Smederevskoj Palanci, u petak, 10. 05.
2024. godine, uz zalaganje i pomo¢ osoblja Instituta “GOSA”, na &ijoj se gostoljubivosti ovom prilikom jo$
jednom zahvaljujemo.

Clanovi DUZS koji su ugestvovali u delu ocenjivanja uzoraka sa praktiénog dela, kao struéni Ziri,
radili su u sastavu: Branislav Luki¢, Milan Prokolab, Marija Kovjani¢ i Zoran Nikoli¢, a za radiografsko
snimanje uzoraka je bilo zaduZeno osoblje Instituta “GOSA”.

Ukupno se takmiCilo 52 ucenika iz 27 srednjih masinskih Skola, $to je 9 takmicCara vise i 7 viSe
prijavljenih Skola nego prosle godine. Po postupcima, broj prijavljenih takmicara bio je: 25 za MAG, 15 za
REL i 12 za TIG. Osim prakti¢nog dela, ucenici su radili test iz teorijskog dela, pa je konacna rang lista
takmiCara formirana na osnovu ukupnih rezultata postignutih na teorijskom i prakticnom delu.

Najuspesniji takmi€ari po postupcima:

135 - MAG
R.br Ime ivprc.'-,-zime Skola Mentor Prakti€ni Teorijski UKUPNO
ucenika deo -rad | deo - test
1 | Milog Radojkovi¢ | Srednia Skola “Svilajnac”, | + 1o Gavrilovié 98 48,83 146,83
Svilajnac
2 | Viadimir Nikoli¢ | /o 17 septembar’ | oy kinic 84 50 134
Laykovac
3 | Mihailo Voj&ié TS~ "Mileta  Nikolic" | opixs Markovié 106 26,33 132,33
Ararjdelovac )
4 Todor Ranimirov MES GOSA Zoran Jovanovié 72 40,50 112,50
Smederevska Palanka
5 Stefan Zizi¢ TS "Kolubara" Lazarevac Ivan Gaji¢ 60 50 110
111 - REL
R.br Ime ivprc.'-,-zime Skola Mentor Prakti€ni Teorijski UKUPNO
ucenika deo- rad deo-test
1 Ognjen Platani¢ T$ "Kolubara" Lazarevac Ivan Gaji¢ 102 30 132
2 Pavlf-,-’ Pejéinovié- | TS “Sava Munc¢an” Bela Jaroslav Hoc 66 49,33 115,33
Zlovié Crkva
. Srednja masinska $kola | Aleksandar
3 Marko Vig Novi Sad Jankov 62 44,83 106,83
Kristijan Masinsko-tehnicka  Skola e
4 Radosavljevi¢ “14. oktobar” Kraljevo Marko Dragicevié 60 46 106
5 | Vuk Savanovic | Masinska Skola "Pancevo’, | g« \ancic 58 475 105,50
Pancevo

68

ZAVARIVANJE | ZAVARENE KONSTRUKCIJE 2/2024




VESTI NEWS
141 - TIG
R.br Ime ivprt_azime Skola Mentor Praktiéni | Teorijski UKUPNO

u€enika deo-rad | deo-test

1 Strahinja Markovi¢ | Tehnicka Skola Obrenovac Vladimir Markovi¢ 146 50 196

2 Nemanja Durié¢ Tehnicka Skola Loznica SiniSa Mihajlovi¢ 116 47 163

3 | Nikola Nikolié E‘f’kvgsa"a Muncan® Bela | 1, roslav Hoc 92 42 134

4 | Stefan Milanko ggggir‘;kda Skola "zmaf” Novi| Vlada 90 3866 | 128,66

5 | David Jonovic MasSinska Skola "Pancevo’, | ga<a Mangic 66 4733 | 113,33

Pandevo

Za takmicenje u zavarivanju prijavilo se ¢ak 27 srednjih Skola:

Srednja $kola Svilajnac, TS "17 septembar" Lajkovac, TS "Mileta Nikoli¢" Arandelovac, MES “GOSA”
Smederevska Palanka, TS "Kolubara" Lazarevac, Masinska $kola "Pandevo" Pandéevo, TS “Nikola Tesla”
Velika Plana, TS “Sava Munéan” Bela Crkva, Tehni¢ka $kola Obrenovac, Tehni¢ka $kola "Zmaj" Novi
Beograd, Srednja maSinska Skola Novi Sad, Tehnicka Skola “lvan Sari¢” Subotica, Tehni¢ka Skola
Mladenovac, TS “Mihailo Pupin” Indija, Tehni¢ka 8kola Zrenjanin, MaSinsko-tehni¢ka 3kola “14. oktobar”
Kraljevo, Srednja Skola “Lukijan Musicki” Temerin, Tehnic¢ka Skola Valjevo, MaSinska Skola Ni§, Srednja
Skola "Dragadevo" Guéa, Srednja tehnicka Skola Sombor, TS “Prota Stevan Dimitrijevié” Aleksinac,
Srednja stru¢na 8kola Kragujevac, TehniCka Skola "9 maj" Backa Palanka, Srednja Skola “Dobrica Eri¢”
Kni¢, Tehnicka Skola Loznica, Srednja Skola Krupan.

Fotografije sa takmicenja mladih zavarivaca pogledajte u nastavku.

Autori: Vesna Jovié i Branislav Luki¢
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71. GODISNJA SKUPSTINA DUZS

Redovna 71. godisnja skupstina DUZS zakazana je za sredu 26.06.2024. godine u 14h. u svecanoj sali
Instituta IMS u Beogradu, Bulevar vojvode MiSi¢a 43 sa slede¢im dnevnim redom:

. Otvaranje zasedanja Skupstine; izbor radnih tela

. Verifikacija mandata Clanova Skupstine

. lzvestaj o radu DUZS za period 2023 - 2024. godine.

. lzveStaj o radu DUZS-CertPers za period 2023 - 2024. godine.
. lzvestaj o finansijskom poslovanju u 2023. godini.

. Diskusija po podnetim izveStajima i usvajanje izvestaja

. Predlog plana rada za 2024-2025. godinu; diskusija i usvajanje
. Razno

0O N OV, OWON -
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Abstract

The paper describes causes of the most
common defects on boiler membrane welds
according to EN ISO 12952-5. The research is
carried out on water tube boiler manufactured by
the company BDuro Dakovic Termoenergetska
postrojenja d.o.o. This paper elaborates the most
common defects like cavities and undercuts that
appear on membrane welds.

1. Introduction

The aim of this paper is to describe the causes
of the most common defects that occur in boiler
membrane welds. The most common defects dealt
with in this paper are:

Cavities

Undercuts

Unwelded parts

Irregular geometric shape of the weld

Incorrect position of the welded connection plate

Al ol A

The valid standard that describes welding
requirements for membrane welds on boiler wall
panels is EN ISO 12952-5 [1] and EN ISO 12952-6

2].
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Rezime

U radu su opisani uzroci najcesc¢ih nedostataka
na zavarenim spojevima membranskih zidova
prema EN ISO 12952-5. Istrazivanja se temelje na
proizvodnji kotlova u tvrtki BB Termoenergetska
postrojenja d.o.0. U ovom radu opisani su uzroci
greSaka kao Sto su zajedi, poroznosti te drugi tipovi
greSaka, a koje su ujedno najceS¢e greSke na
membranskim zavarima.

2. Research procedure

Welding foreman working in the production
process is responsible for supervising the entire
welding process on membrane welding. The
welding process is also supervised by a quality
engineer appointed by the quality assurance
department and by a welding engineer authorised
by the technical department. If noticing
unacceptable deviations in the welding process,
welding operations manager is obliged to stop the
welding process and to notify the authorised
welding engineer about occurrences.

Welding personnel (welders and operators) shall
be certified and shall apply all technological
measures as determined in the Welding Procedure
Specification (WPS) and in the in-house
instructions referring to welding and repairs of
membrane welds applied at a company level. [3]

The paper was published in its original form in the Proceedings of the 32" Conference with international participation "Welding 2022" held in

Tara, Serbia from October 12 to 15, 2022.
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2.1 Welding process

The company Buro BPakovi¢ Termoenergetska
postrojenja d.o.o. determines the membrane
welding process as follows: when joining two tubes
and a connection fin, welding is done first parallel
on one side from the beginning to the end of the
weld length, upon which the weld spatter is
cleaned. The panel (two-tube, four-tube, eight-tube)
is then turned over and the membrane welds are
welded on the other side. This is followed again by
the cleaning of spatter. The welding is supervised
by the welding foreman. Welding is performed
according to WPS, as determined by the
company’s welding techniques service. In addition
to WPS, the welding process has to be in
compliance with the parameters determined within
the welding trial. During the welding process, the
welder is obliged to monitor the process and, if
noticing some deviations, he has to mark them with
a pen or chalk, so that such deviations can be
corrected later on manually by TIG welding.

The welder is obliged to handle welding flux and
welding wire responsibly. Wire and flux have to be
stored according to the  manufacturer’s
specification. Before welding, welding flux should
be dried according to the in-house instructions or
the manufacturer's specification printed on the
package. The welder keeps a log on drying the
welding flux near the drying oven, in which he
records the drying temperature, which has to be in
line with the manufacturer’s specification. [4, 5, 6]

If some unacceptable errors occur, such as tube
burning or contamination with a copper tip, the
welder is obliged to mark such errors with a red pen
and inform the welding foreman about them. When
such defects occur, the authorised controller from
the control and quality department is obliged to
make a deviation report, i.e. non-conformance
report (NCR), and the welding technologist is

Figure 1. Cavity
Slika 1. Supljina
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obliged to define appropriate repair method on
behalf of the welding techniques service.

Welders perform repairs manually by TIG
welding according to the prescribed welding
procedure specification (WPS) approved by the
welding department. The welder is obliged to repair
all defects on the membrane panel prior to the
inspection of the controller.

Membrane welds are controlled by the controller
authorised by the control and quality service. After
welding, a 100% visual inspection and dimensional
control of the panel is performed.

3. The most common defects in boiler

membrane welds

Defects may occur during automated welding of
boiler membrane welds, among which the most
common are:

a. Surface cavity
Undercuts
Unwelded parts

Irregular geometric shape of the weld

¢ a o0 T

Incorrect position of the welded connection plate

Automated welding uses rates from 800 - 1000
mm/min, which refers to high-speed welding during
which the welder has to complete a considerable
length of membrane welds in one shift.

a. Surface cavities as defects are elaborated in
the group 200 of the standard EN ISO 6520-1.
Smaller pores (less than 3 mm in diameter) can be
repaired without grinding. Larger pores or those
formed as nests have to be removed by grinding
and welded again according to WPS (Figures 1 -
3). The maximum allowable surface cavity
dimension that does not require any repair is @2
mm, if such cavity does not occur at stopping or
restarting of the welding.

Figure 2. Grinding of the defect
Slika 2. Brusenje greSke
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Figure 3. Repair of the defect by TIG welding
Slika 3. Popravka gre$ke TIG zavarivanjem

b. Undercuts (Figure 4) - according to EN ISO
6520-1 [7], undercuts are classified as defects of
the group 5011 and 5012. The maximum allowable
undercut depth with a smooth transition is < 0,5
mm. Undercuts with greater depths have to be
repaired by grinding and/or welding according to
WPS.

STANDARDIZATION & QUALITY

Figure 4. Undercut
Slika 4. Zajed

c. Unwelded parts - the occurrence of unwelded
parts or discontinuities (Figure 5) happens due to
welding interruption, i.e. when the welding machine
stops. This causes a sort of skips on the membrane
weld.

Figure 5. Unwelded parts

Slika 5. Nezavareni delovi

d. Irregular geometric shape of the weld -
means that the appearance of the weld is
inappropriate. The weld of improper geometry
cannot not pass visual inspection because of that
defect.

e. Incorrect position of the welded connection
plate - refers to the position of the connection plate
that is not in line with requirements set by the
standard EN ISO 12952-5.

4. Causes of defects on boiler membrane welds

Membrane welding is a highly efficient process
during which certain requirements must be fulfilled
from the beginning to the end of the process in
order to make welding successful. The base and
filler material, tubes and fin in the panel have to be
of good quality, and welding material has to be
prepared well. Before welding, the tubes are shot-
blasted by machine, while the wire coming from the
welding wire reel is calibrated and cleaned with a
chemical agent to remove all impurities, such as
various greases and coatings. The welding flux is

kept in a plastic bag, so it has to be dried to a
temperature defined in the manufacturer’s
specification. The welding flux is used for a specific
number of times, after which it is disposed of as no
longer useful. The cleanliness of the surface to be
welded is also one of the important factors to be
dealt with prior to welding. Welding of dirty, greasy
and poorly prepared material leads to the
occurrence of welding defects, thus resulting in
poor quality of welds.

4.1. Surface cavity

Surface cavities are classified into the group 200
according to EN ISO 12952-5. Cavities in welded
joints occur as a consequence of residual gas that
remains in the material because of impurities, dirt
and grease on the surface of welded joints, moist
base or filler material, poor welding performance, or
non-compliance with the welding procedure
specification (WPS). Surface cavities can appear
individually, as shown in Figure 6, or in form of a
nest, as shown in the Figure 7.
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Figure 6. Individual cavities
Slika 6. Pojedinacne Supljine

Figure 7. Nest of cavities
Slika 7. Gnezdo Supljina

4.2. Unwelded parts

Unwelded parts (discontinuities) refer to defects
that occur during welding of a large amount of
membrane welds. The most common causes of
discontinuities in welds are:

- Lack of welding flux in a welding machine, due
to which the welding process stops. The welding
flux is stored in plastic bags, dried in a drying oven
prior to welding, and then transferred into the
welding machine flux container.

- Lack of welding wire - welding wire is coiled up
in reels of two sizes, i.e. small reels (15 - 25 kg)
and large reels (350 kg). Wire reels have to be
replaced when running out of wire, yet it can
happen that the wire runs out during welding, which
causes discontinuity of welding and occurrence of
unwelded parts.

- Changing the copper contact tip (nozzle) - the
contact tip (nozzles) are usually replaced before the
start of each shift, when it is noticed that they have
been used up to the extent that they can no longer
be efficient in welding, as the wire may stick to the
copper tip of the contact tip or the tip may get in
contact with the workpiece (Figure 8).

- Mechanical stopping of the welding machine
occurs primarily because of the overload of the
membrane welding line or because of poor welding
machine maintenance.

Figure 8. Damaged contact tip (nozzle)

Slika 8. Ostecen kontaktni vrh (mlaznica)
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4.3. Undercuts

Defects like undercuts classified as 5011 and
5012 are elaborated in EN 12952-5, Table C.1. The
maximum allowed depth of the undercut has to be
less than or equal to 0,5 mm, regardless of the
undercut length, provided that the undercut has a

Figure 9. Small undercuts
Slika 9. Mali zajedi

Performing the destruction test, i.e. testing the
macrostructure is the only reliable way of
determining the dimensions of the undercut and the
type of its transition.

&
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smooth transition. The Figure 9 shows a marked
small undercut on a weld. Such defects are the
most difficult ones to be determined as acceptable
or unacceptable by visual inspection only, since
such inspection is wunreliable in terms of
determining the undercut depth and its transition.

Figure 10. Macrostructure of the undercut
Slika 10. Makrostruktura zajeda

Dimensional control of the sample presented in
the Figure 10 revealed the undercut depth of 0,21
mm. According to the standard and the macro
cross section of the defect, as shown in the Figure
10, this undercut can be considered as acceptable.

Figure 11. Larger undercut
Slika 11. Vedéi zajed

Figure 12. Macrostructure of the undercut
Slika 12. Makrostruktura zajeda

As presented by the sample in Figure 12, the
undercut marked as the detail A shows sharp
transition, because of which it is not acceptable
according to EN I1ISO 12952-5. The undercut depth

measures 0,45 mm on the marked undercut
presented by the Figure 11, which is close to the
upper value limit of acceptance set at 0,5 mm.
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Since this undercut has a sharp transition, as
shown in Figure 11, it is recommended for repair.

Testing of the macrostructure on the product is
not possible, yet the visual inspection is not suitable
for proper assessment of such type of weld defect
in terms of determining whether its quality is
acceptable or unacceptable. There is an attempt to
apply the template with predetermined sizes of
defects, which are visually compared with occurring
undercuts on membrane welds. Sizes of the
undercuts can be also determined by scanning the

&
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surface with Creaform Ametek and VXelements™
software. However, such scanning method is also
questionable because it depends on the
determination of points on the weld surface and on
their mutual angle, which affects the determination
of the undercut depth. The Figures 13a and 13b
present the determined undercut dimensions, which
are as follows: undercut length 2,5 mm, undercut
width 0,956 mm, and the generated undercut depth
0,647 mm.

a)

Figure 13. Measuring of the undercut depth by scanning: a) undercut length 2,5 mm, width 0,956 mm, b) depth 0,647

mm

Slika 13. Merenje dubine zajeda skeniranjem: a) duzina zajeda 2,5 mm, $irina 0,956 mm, b) dubina 0,647 mm

In general, both methods, macrostructure testing
and surface scanning, are not appropriate for
assessment of the membrane weld undercut sizes
in real production conditions.

The main causes of undercuts are the following:

- Impurity of the base material (tubes), oxidized
surface of the tube along the weld.

- Welding parameters, such as excessive
welding current or welding voltage, inappropriate
welding speed.

- Inappropriate angle of the torch.

Incorrect position of the connection plate with
respect to tube position, which causes a shift along
the electric arc, thus causing an increase in
voltage, i.e. greater length and width of the arc and
eventually the formation of an undercut.

4.4. Irregular geometric shape of the weld

Irregular geometric shape of the weld refers to
visually unacceptable weld geometry that does not
conform to EN ISO 12952-5. Possible causes of
such defect are machine jamming (mechanical
problems with the welding machine), problems with
the wire feeder because of which the melt is not
distributed evenly, thus forming deviations in the
weld geometry, incorrect position of the welding
torch, incorrect handling with the welding torch and
improper monitoring of the membrane welding
process by a welder. The Figure 14 presents an
irregular geometric shape of the weld at which the
membrane weld went up the tube as a
consequence of welding deviation.

Figure 14. Irregular geometric shape of the weld

Slika 14. Nepravilan geometrijski oblik Sava
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4.5. Incorrect position of the welded connection
plate

Incorrect position of the welded connection plate
refers to the situation when the linear or angular
displacement of the plate happens to be greater
than the allowed, so the plate needs to be carefully
cut and removed. Cutting of the connection plate is
performed with a grinder with a cutting disc. During

&
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cutting, the cutting disc should be directed toward
the plate, so that it cannot damage the tubes. The
prepared plate is inserted into the membrane wall
and welded according to the welding instructions
(WPS). After welding, the joint is tested by applying
the surface method [8].

Allowed linear and angular connection plate
displacement is shown in the Figure 15.

max. by — b,=3 mm

max. A =2 mm

Figure 15. Connection plate displacement

Slika 15. Pomeranje vezne plo¢e

Incorrect position of the welded connection plate
occurs during adjustment of the plate and the
tubes. If the plate is not properly adjusted, it can

shift during welding thus causing unacceptable
defects. The Figure 16 shows an incorrect position
of the welded connection plate.

Figure 16. Incorrect position of the welded connection plate

Slika 16. Nepravilan poloZaj zavarene vezne ploce

5. Conclusion

Membrane welding is a highly efficient process
that requires compliance with determined welding
procedure in order for the welding to result in
quality welds. Welding procedure and requirements
are determined in the standards EN ISO 12952-5
[1] and EN ISO 12952-6 [2]. Compliance with the
welding procedure and requirements defined by the
standards facilitates efficient welding and results in
a high-quality product. This refers also to
completion and supervision of membrane welding

in accordance with the standard, which is not an
easy task to be performed. The welder has to
monitor the process constantly in order to assure
the highest quality of welding.

Defects such as cavities are very difficult to be
completely fixed because of the considerable
length of membrane welds. Clean welding is one of
the basic prerequisites for a quality weld. Undercuts
are also frequently appearing and are also difficult
to be dealt with, primarily because of impossibility
of visual inspection. Furthermore, two presented

ZAVARIVANJE | ZAVARENE KONSTRUKCIJE, 2/2024, str. 71-79

77



STANDARDIZACIJA | KVALITET

methods of controlling the undercut depth proved
that it is very difficult for the controller to assess the
size of the undercut, due to which they sometimes
mark such undercuts as unacceptable defects,
even when they could be acceptable without repair,
as confirmed by the performed research tests. It is
impossible to examine the macrostructure on the
final product, while scanning procedure for each
undercut or cavity is time-consuming. Therefore,
training of controllers by the welding quality
assurance service is necessary to make them
skilled in efficient detection and assessment of
defects that occur on membrane welds.

5. Zaklju€ak

Membransko zavarivanje je visoko efikasan
proces koji zahteva postovanje utvrdene procedure
zavarivanja kako bi zavarivanje rezultiralo
kvalitetnim zavarenim spojem. Postupak i zahtevi
zavarivanja odredeni su standardima EN ISO
12952-5 [1] i EN ISO 12952-6 [2]. Uskladenost sa
procedurom zavarivanja i zahtevima definisanim
standardima omogucava efikasno zavarivanje i
rezultira visokokvalitetnim proizvodom. Ovo se
odnosi i na zavrSetak i nadzor membranskog
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Abstract

In this paper, a comparative test with two
different ultrasonic systems was performed on the
aluminothermic welded joints of the rail. The test
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phased array system. Sensitivity adjustment was
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a comparative test on the rail with real
imperfections. Due to the complex geometry of the
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systems, test results that indicate the advantage of
a phased array ultrasound system compared to a
conventional system.
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1. Uvod

Aluminotermijsko  zavarivanje je postupak
zavarivanja traCnica termithom smjesom pri ¢emu
se uslijed egzotermne reakcije oduzima Kkisik
Zeljeznom oksidu te nastaje rastaljeno Zeljezo koje
sluzi kao dodatni materijal. Osnovni materijal i
kalup se predgrijavaju plinskim plamenom
(acetilen-kisik ili propan butan-kisik) na temperaturu
oko 900-1000 °C. Egzotermnom reakcijom se
postize temperatura od priblizno 2450 °C te se
nakon ciklusa predgrijavanja i formiranja taline
otvara ispust pa uz gravitacijsko djelovanje dolazi
do popunjava kalupa. Kvalitetna priprema kalupa i
pregdrijavanje nuzni su za mijeSanje taline i
osnovnog materijala traCnice te formiranje
zavarenog spoja. Nakon zavrsene aluminotermijske
reakcije kalup se razbija i viSak materijala se
mehanicki uklanja. Kao posljedica neodgovarajuce
metode i tehnologije zavarivanja ovisno o postupku,
pripremi i kvaliteti materijala mogu nastati
nepravilnosti u zavarenom spoju koje se mogu
detektirati metodama ispitivanja bez razaranja.

U ovom radu razmatrana je problematika
detekcije jedne vrste pogreSaka u
aluminotermijskom zavaru tracnice

konvencionalnim ultrazvu¢nim (UT-Ultrasonic

PRACTICE

Testing) ispitivanjem i viSepretvorni¢kim
ultrazvuénim (PA-UT - Phased array ultrasonic
testing) ispitivanjem. Ispitivanje su se provodila po
gaznoj povrSini traCnice simulirajuéi  situacije
ispitivanja zavarenih spojeva kada nije moguce
provoditi ispitivanje na vratu ili stopi tracnice zbog
nedostupnosti ili neodgovarajuce povrsine potrebne
za provedbu ultrazvuénog ispitivanja.

Proviera oba sustava provedena je na
referentnom uzorku poznatih umjetno napravljenih
reflektora. Nadalje, usporedba rezultata ispitivanja
provedena je na aluminotermijskom zavarenom
spoju s realnom pogreskom u vratu traénice.

1.1 Referentni uzorak za provjeru osjetljivosti
sustava

Prije pocCetka provodenja ispitivanja odabrani
ultrazvucni ispitni sustav potrebno je odgovarajuce
podesiti. S ciliem provjere pode$avanja osjetljivosti
ultrazvuénog sustava izraden je referentni etalon s
bo¢nim provrtima oznaka SDH,, SDH, i SDH;
promjera 3 mm prema slici 1 [2].

FBH,

FBH; ~

Slika 1. Referentni uzorak i nacrt umjetno napraviljenih reflektora

Figure 1. Reference sample and design of artificially made reflectors

Podesavanje osjetljivosti ultrazvu¢nog sustava

Odabrani ultrazvuéni sustav u okviru ovog
istraZivanja sastoji se od dva ultrazvuéna uredaja
Krautkramer GE USM36 i GE Mentor UT 32:128, te
svaki od uredaja ima pripadajuce ultrazvuéne
sonde odgovarajucih karakteristika kako bi se

osiguralo prozvu€avanje ispitivanog volumena
tratnica [2]. Odabrani ultrazvuéni sustav s
pripadaju¢éim etalonima za podeSavanje i
odabranom vrstom kontaktnog sredstva prikazan je
u Tabeli 1.
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Tabela 1. Koristena oprema i sredstva UT i PAUT sustava

Table 1. Used equipment and resources of UT and PAUT systems

Sustav Naziv uredaja Sonda Etalon Kontaktno sredstvo
uT Krautkramer GE MWB 45 -2 V2
USM3s, SWB 45 - 2 V1 GE - ZG-F
PA-UT | GE Mentor UT 32:128, PA-2M8E1P, PAUT IIW block

Za svaki odabrani ultrazvuéni sustav provedena
je provjera podeSavanja osjetljivosti na izradenom
referentnom etalonu (slika 1). U tom smislu za
svaku kombinaciju odabira ultrazvuénog uredaja i

SDH;, SDH,

pripadajuce ultrazvuéne sonde provjera osjetljivosti
je provedena na ukupno tri boCna provrta oznaka

i SDHj;. Rezultati podeSavanja

osjetljivosti nalaze se u Tabeli 2.

Tabela 2. Prikaz provjere osjetljivosti na radnom etalonu ovisno o sustavu i referentnom mjestu

Table 2. Presentation of the sensitivity check on the working standard depending on the system and reference

location
Prikaz reflektora na radnom etalonu Procjena vgliéine @ mm
Sistem | Reflektor (ERS)/dubina mm (DA)
MWB 45 -2 SWB 45-2 MWB 45 -2 SWB45-2
SDH1 Slika 2 Slika 5 2.42/65 3.29/66
uT SDH2 Slika 3 Slika 6 2.62/86 2.81/85
SDH3 Slika 4 Slika 7 2.37/109 2.70/106
PA-2M8E1P Dubina indikacije mm (DA)
SDH1 Slika 8 66,6
PAUT
SDH2 Slika 9 85,8
SDH3 Slika 10 106,7
A o ey e AR N NG o s e AT
s '7\ T 3 : v ™ 1 : :
= 3 i v X : s
range : range 1 : :
200.00 mm 20000mmff | : :
PROBE DELAY PROBE DELAY \ \ ;
5.828 us - 5.828 us | A
velocity ” - velocity ’
3244 m/s 'ﬁ : 3244 m/fs | :
CUSTOM CUSTOM |
DISPLAY DELAY : 1 DISPLAY DELAY | - e T HE
ocomm| ff- - - - fh~At f. - . 000 mm r*- : Bl W s s
it o N T R, 2 150, At ol Y T T, 150

Slika 2. Prikaz odjeka od referentnog reflektora SDH1

Figure 2. View of the echo from the reference reflector

(MWB 45-2)

SDH1 (MWB 45-2)

Slika 3. Prikaz odjeka od referentnog reflektora

SDH2(MWB 45-2)

Figure 3. View of the echo from the reference reflector

SDH2 (MWB 45-2)
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200.00 mm z \ ] 200.07 mm
PROBE DELAY PROBE DELAY
se8usill N i 7.583 us
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CUSTOM ; CUSTOM _
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Slika 4. Prikaz odjeka od referentnog reflektora SDH3
(MWB 45-2)

Figure 4. View of the echo from the reference reflector
SDH3 (MWB 45-2)

Slika 5. Prikaz odjeka od referentnog reflektora SDH1
(SWB 45-2)

Figure 5. View of the echo from the reference reflector
SDH1 (SWB 45-2)

58 20w % = 2B w852 m ] X 28 20[we= 26 % |=_ 93.0 om J0A"=_ 10604 mm JFRS 2 70 @I

49.4 dB  |SA=  120.57 mm |SB°= mm JUB= 3% fmm . T 49.4dB  [SA"= 149.95 mm SB°= j [l . m
A ™ 3 : : A7 ™ : ~ :
= : T = -
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PROBE DELAY PROBE DELAY I :
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3229 m/s 3229 m/s . . :
CusToM(| | CUSTOMY| | §
DISPLAY DELAY w ' DISPLAY DELAY i“ ’ ' Q ' '.w"
0.00 mmf 1, - 2 : ] ) e - : 0.00 mmf fy) - . ; ; .: : 3 :
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Slika 6. Prikaz odjeka od referentnog reflektora SDH2
(SWB 45-2)

Figure 6. View of the echo from the reference reflector
SDH2 (SWB 45-2)

6.64 7r66.6

Slika 8. Prikaz odjeka od referentnog
reflektora SDH1 (PA-2M8E1P)

Figure 8. View of the echo from the reference reflector
SDH1 (PA-2M8E1P)

Slika 7. Prikaz odjeka od referentnog reflektora SDH3
(SWB 45-2)

Figure 7. View of the echo from the reference reflector
SDH3 (SWB 45-2)

0 »r85.80 »r66.22 e 416 FEE e

PROBE

WEDGE

RAIL PARAMETERS

RANGE

Slika 9. Prikaz odjeka od referentnog reflektora SDH2
(PA-2MB8E1P)

Figure 9. View of the echo from the reference reflector
SDH2 (PA-2M8E1P)
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Slika 10. Prikaz odjeka od referentnog reflektora SDH3 (PA-2M8E1P)
Figure 10. View of the echo from the reference reflector SDH3 (PA-2M8E1P)

1.2. Zakljucak provjere podeSavanja osjetljivosti na
referentnom etalonu

PodeSavanje osjetljivosti primjenom
konvencionalnog ultrazvuénog sustava (dvije
ultrazvuéne sonde) provedeno je prema

beskona&nom reflektoru na etalonu V2 — R50 i V1-
R100 te je konstruirana DGS krivulja na promjeru &
1,5 mm. S ciliem provjere podeSenosti osjetljivosti
konstruirana je krivulja prema bo&nom provrtu
SDH2. Usporedbom amplitudnih odziva nisu
uoCene znacCajne razlike u procjeni veliCine
reflektora (ERS).

Prema dobivenim rezultatima i odjecima na A
prikazu uredaja moze se zakljuCiti da su rezultati
ostvareni sa sondom SWB 45-2 za ovu vrstu
traCnice i referentnih reflektora bolji u odnosu na
rezultate ostvarene sa sondom MWB 45-2 kako je
prikazano u Tabeli 2 [2].

PodeSavanje  osjetljivosti  PAUT  sustava
provedeno je prema bocnim provrtima na
referentnom uzorku SDH1, SDH2 i SDH3. U svrhu
boljeg podeSavanja osjetljivosti koriStena je funkcija
TCG-a (Time Corrected Gain), te je dobivena
ujednaCena osjetljivost uzimajuc¢i u obzir poziciju
reflektora u vratu tracnice (Slika 8, Slika 9 i Slika
10) [1].

2. Referentni uzorak s nepravilnostima u vratu
tracnice

Referenti uzorak aluminotermijski zavarenih
traCnica (Slika 11) ima vide vrsti nepravilnosti u
vratu traCnica, te je prethodno ultrazvuénom
ispitivanju  provedeno racunalno radiografsko
ispitivanje — cRT s ciljem to&nijeg odredivanja vrste
nepravilnosti (Tabela 3).

Dobiveni odzivi od nepravilnosti primjenom UT i

PAUT ultrazvu€nog ispitivanja usporedit ¢e se s
onima dobivenim primjenom racunalne radiografije.

Slika 11. Referentni uzorak tracnice

Figure 11. Rail reference sample
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Slika 12. Radiogram referentong uzorka tracnice s prikazanim vrijednostima parametara nepravilnosti

Figure 12. Radiogram of the rail reference sample with the irregularity parameter values shown

Tabela 3. Koristena oprema i ispitni parametri cRT sistema

Table 3. Used equipment and test parameters of the cRT system

Metoda Oprema

Ispitni parametri

cRT

rendgenski uredaj — Balteau 300d

veli¢ina fokusa: 2x2,5 mm
FF: 700 mm,
napon: 175 kV
struja: 4 mA
vrijeme ekspozicije: 2,5 min

skener — VMI 5100

napon lasera: 15V
napon fotomultiplikatora: 5,25 V
rezolucija skeniranja: 50 um

slikovna ploca

kodak industrex flex Blue 10 x 12”

Pogreske u aluminotermijskim zavarenim
spojevima tracnica

Od nepravilnosti se  pri
zavarivanju najcesce pojavljuju:

aluminotermijskom

- Pukotine; pukotine nastaju kao posljedica
vlatnih naprezanja prilikom hladenja. To je
posebno nagladeno u podruéju metala zavara pri
solidifikaciji i situaciji niskih okoliSnih temperatura.

- Porozitet i plinski uklju€ci; najceSce nastaju kao
posljedica vlage u podrucju spoja koja moze doci iz
neCistota i masnoce te kondenzata u kalupu.
Takoder, ako je dodatni materijal (porcija)
kontaminiran u metalu zavara je Cesta pojava pora.
- Supljine; nastaju kod skruéivanja rastaljenog
materijala u kalupu posebno kada nema dovoljno

dodatnog materijala (neodgovaraju¢a porcija ili
istiecanje  kroz  neodgovaraju¢e  postavljeni,
zabrtvljeni ili puknuti kalup.). Prilikom solidifikacije
dolazi do smanjenja volumena (fenomen skupljanja
zavara) pa ako prilikom zavarivanja nije postignuto
dovoljno mijeSanje veca je i vjerojatnost pojave
Supljina.

- Naljepljivanje; nastaje kao posljedica
nedovoljnog predgrijavanja osnovnog materijala ili
neprilagodavanja tehnologiji niskim temperaturama
okolisa. 1z tog razloga se striktno trazi ovisno o
gradaciji Celika postizanje i drzanje temperature
predgrijavanja kako bi se postiglo dobro mijeSanje
sa stranicama Zlijeba tj. osnovnim materijalom
tracnice.
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- Uklju€ci; u metalu zavara mogu se pojaviti i
nemetalni uklju¢ci nastali iz kontaminiranog praska
u porciji ili npr. oksidni uklju€ci nastali kao rezultat
loSe pripreme spojne povrSine te neodgovarajuce
kvalitete rezanja plinskim plamenom. Takoder,
mogu ostati i uklju¢ci od pijeska za brtvljenje.

&
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- Nepravilna geometrija zavara na stopi, vratu i
kruni tracnice; nastaju zbog loSeg postavljanja ili
krive geometrije kalupa. Pri ovome je svakako
vazna uvjezbanost i vjeStina operatera koji
postavljaju kalup.

Slika 13. Prikaz makrostrukutre u vratu tracnice bez nepravilnosti

Figure 13. View of the macrostructure in the neck of the rail without irregularities

Na slici 12. vidljiva je Supljina uz podrucje
intenzivnog nepovezivanja rastaljenog metala i
stijenke traCnice. Uzrok predmetnoj nepravilnosti
moze se traZiti u neodgovarajuéem toku rastaljenog
metala u kalup pri ¢emu je doslo do turbulencije

3. Rezultat ispitivanja referentnog uzorka traénice

taline i neravnomjernog skrucivanja. Dodatno, ako
stijenka tracCnice nije dovoljno predgrijana ne dolazi
do dovoljnog mijeSanja. Iz ove situacije dodatno se
naglaSava vaznost adekvatne pripreme i
predgrijavanja stijenke te savjesnosti i uvjezbanosti
operatera.

Tabela 4. Rezultati ispitivanja referentnog uzorka tracnice

Table 4. Test results of the rail reference sample

= &3
GATE A START
75.00 mmp

A THRESHOLD

21%

TOF MODE
PEAK

150
Slika 14. Prikaz odjeka od indikacije 1 (MWB 45-2)

Figure 14. View of the echo from the indication 1
(MWB 45-2)

Prikaz reflektora na radnom . - . .
Sustay Reflektor etalonu Procjena veli¢ine (ERS) | Procjena duljine
MWB45-2 | SWB45-2 | MWB45-2 | SWB45-2 -6 dB
uT Nepravilnost 1 Slika 14 Slika 16 2.00 2,05 3-5 mm
Nepravilnost 2 Slika 15 Slika 17 1.29 1.50 2-4 mm
PA-2M8E1P
PA-UT Neprav!lnost 1 SI!ka 18 21 mm
Nepravilnost 2 Slika 19 12,6 mm
60 10 [ode 36,03 m JERS
328d8 w200 @
" :

Figure 15. View of the echo from the indication 2

gate a start
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GATE A WIDTH
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TOF MODE Wl

PEAK

Slika 15. Prikaz odjeka od indikacije 2 (MWB 45-2)

(MWB
45-2)
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Slika 16. Prikaz odjeka od indikacije 1 (SWB 45-2) Slika 17. Prikaz odjeka od indikacije 2 (SWB 45-2)
Figure 16. View of the echo from the indication 1 Figure 17. View of the echo from the indication 2 (SWB
(SWB 45-2) 45-2)

Slika 18. Prikaz odjeka od indikacije 1 (PA-2M8E1P)
Figure 18. View of the echo from the indication 1 (PA-2M8E1P)

AL PARAMETERS

RANGE

Slika 19. Prikaz odjeka od indikacije 2 (PA-2M8E1P)
Figure 19. View of the echo from the indication 2 (PA-2M8E1P)
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4. Zakljugak

Uslijed eksploatacije moze doci do razvoja pukotina
unutar zavara tracnice te je odabir odgovarajuce
metode i tehnike provedbe nerazornog ispitivanja
od velikog znacaja.

S obzirom na ograni¢enja ultrazvuénih
sustava prikazanih u ovom radu, rezultati ispitivanja

ukazuju na prednost viSepretvorni¢kog
ultrazvuénog sustava (PAUT) u odnosu na
konvencionalni sustav. Prednost spomenutog

sustava posebno je vidljiv prilikom pronalaska
nepovoljno  orijentiranin  indikacija u  uskim
dijelovima vrata tracnice. Prema ostvarenim
rezultatima procjene veli€¢ine nepravilnosti kao i
njezine uvjetne duljine primjenom konvencionalnog
ultrazvuénog sustava moze se zakljuCiti da se ne
radi o zna€ajnim nepravilnostima.

Prema spomenutom, zavareni spoj sukladno

kriteriju  prihvatljivosti moZe se ocijeniti kao
prinvatliv. za daljnju uporabu u uvjetima
eksploatacije. Medutim, rezultati ostvareni

primjenom viSepretvorni¢kog sustava jasno ukazuju
suprotno.
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4. Conclusion

As a result of exploitation, cracks may develop
within the rail welds, and the selection of the
appropriate method and technique for non-
destructive testing is of great importance.

Considering the limitations of the ultrasound
systems presented in this paper, the test results
indicate the advantage of the multi-transducer
ultrasound system (PAUT) compared to the
conventional system. The advantage of the
mentioned system is especially visible when finding
unfavourable oriented indications in narrow parts of
the rail neck. According to the obtained results of
the assessment of the size of the irregularity as well
as its conditional length using a conventional
ultrasound system, it can be concluded that these
are not significant irregularities.

According to the aforementioned, the welded
joint in accordance with the acceptance criteria can
be evaluated as acceptable for further use in the
conditions of exploitation. However, the results
obtained using the multi-converter system clearly
indicates the opposite.
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Medunarodna hibridna konferencija i izlozba : “Napredak u zavarivanju i tehnologijama
aditivne proizvodnje metala - WAAM -2024”

Medunarodna hibridna konferencija i izlozba WAAM 2024 ima za cilj da poveze naucnike, inzenjere i
studente koji rade i koriste napredne tehnologije zavarivanja i aditivane proizvodnje metala (MAM) u
svojim istrazivackim projektima i industrijskim aplikacijama. Medunarodni stru¢njaci u ovim oblastima
¢e predstaviti najnovije informacije i diskutovati o sadasnjim i buduc¢im izazovima i inovativnim
reSenjima za povecanje efikasnosti zavarivanja i tehnologija za proizvodnju metala AM i Wire Arc
Additive Manufacturing (WAAM). Mesto odrzavanja konferencije je Istambul Gedik Universiti u
Istambulu u Turskoj 21. i 22. Novembra 2024.
Medunarodna konferencija WAAM 2024 ¢e pokriti sledece teme:
- Napredne tehnologije elektroluénog zavarivanja ukljuCujuci procese dvostrukog luka i tandema,
- Tehnologije i primene laserskog snopa i hibridnog zavarivanja,
- Zavarivanje elektronskim snopom primenom Zice ili praskova,
- Tehnologije punjene Zice i punjene beSavne Zice i njihova upotreba,
- Zavarivanje svih legura metala, ispitivanje i analiza njihovih zavarenih spojeva,
- Industrijske primene, inspekcije i ispitivanja,
- PovrSinska modifikacija delova za aditivhu proizvodniju,
- Zavareni spojevi visoke ¢vrstoce i oklopnog €elika, njihova svojstva (uklju€ujuéi balisticka svojstva),
- Tehnologije podvodnog i mokrog zavarivanja i njihov potroSni materijal,
- Aspekti dizajna i simulacije materijala za aditivnu proizvodnju metalnih materijala (MAM),
- Ispitivanje MAM materijala, spre€avanje deformacija i zaostalih napona MAM delova,
- Aspekti otpornosti na zamor i zilavost loma MAM i bimetalnih WAAM delova,
- Programiranje i razvoj softvera u robotskim MAM i WAAM aplikacijama,
- Prediktivni teorijski i raunarski pristupi za aditivhu proizvodniju,
- Ispitivanje, NDT metode i procena defekata MAM i VAAM delova,
- Razvoj na edukaciji-obuci-sertifikaciji zavarivanja i MAM & WAAM osoblja.
Dodatne informacije mogu se naci na adresi: WAAM2024.gedik.edu.tr

Medunarodni sajam industrije zavarivanja Weld Tech

Vrednost poljske industrije zavarivanja stalno raste. Otvara se za nova reSenja i dobitke zahvaljujuci
automatizaciji, robotizaciji i inovacijama u optimizaciji procesa. Tokom medunarodnog sajma za
industriju zavarivanja Weld Tech, koji ¢e se odrzati od 3. do 5. septembra 2024. godine, moci ¢ete da
pogledate ove i druge trendove, kao i savremene tehnologije koje odreduju pravac razvoja sektora.
Varsav Expo ¢e ponovo postati mesto gde inovacije ispunjavaju potrebe kupaca. Mesto odrzavanja
VarSava, Poljska. ViSe informacija na web adresi: https://weldexpopoland.com/en

Konferencija o zavarivanju elektronskim snopom

7. Medunarodna konferencija o zavarivanju elektronskim snopom, IEBW 2024. Ovaj dogadaj, koji su
sponzorisali Ameri¢ko drustvo za zavarivanje (AWS), Nemacko drustvo za zavarivanje (DVS) i
Medunarodni institut za zavarivanje (1IW), odrzace se u FABTECH-u, 15-16. oktobra 2024. u Orlandu,
FL.

Konferencija se odrzava svake dve godine, naizmeni¢no izmedu SAD i Nemacke. IEBW ¢e okupiti
naucnike i inZenjere iz industrije, akademske zajednice i istrazivackih laboratorija Sirom sveta kako bi
razgovarali o trenutnim i buduéim trendovima u zavarivanju elektronskim snopom. Za viSe informacija
kontaktaktirati: sbeller@avs.org.

14. Medunarodni kongres i izlozba primenjene fizike i nauke o materijalima (APMAS)

14. Medunarodni kongres i izloZba primenjene fizike i nauke o materijalima (APMAS)“ ¢e se odrzati od
8. do 14. oktobra 2024. godine u Convention Centre u Liberty Hotels Lykia /Oludeniz u Mugla, Turska.
APMAS 2024 namerava da bude globalni forum za istrazivade i inzenjere koji ¢e predstaviti i
diskutovati o najnovijim inovacijama i novim tehnikama u tehnologiji materijala. Pored naucnih
seminara, bice dostupan 3irok spektar drustvenih programa ukljuujuéi krstarenja brodom i posete
istorijskim mestima. ViSe informacija na web adresi: www.apmascongress.org.
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EXPERIENCES IN WELDING THE TURKISH STREAM GAS PIPELINE
AND INTERCONNECTOR SERBIA - BULGARIA

ISKUSTVA U ZAVARIVANJU GASOVODA ,,TURSKI TOK*“ I
INTERCONECTOR SRBIJA - BUGARSKA

Professional paper / Struéni rad
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Keywords: centralizer device for connecting and
centering pipes on the gas pipeline, STT device for MAG
welding, FCAW-S - filled self-shielding welding wire.

Abstract

The gas pipeline "Turski Tok" was built in the
period from 2019 to 2021 with a total length of 403
km (ZajeCar-Horgo$8). The pipeline has a capacity
of up to 15 billion cubic meters, a diameter of 1219
mm and its thickness is 14.27 mm. The steel
L485MEPSL2 was used for production. The Serbia-
Bulgaria interconnector is 109 km long (Ni$-Sofia),
with a capacity of 1.8 billion cubic meters of gas, a
diameter of 711 mm and the thickness is 8.7 mm.
Steel X52 was used for its construction.

Different procedures were used for welding:

¢ Welding E-111 (cellulose and basic coating).

e MAG 135 with welding of the root of the welded
joint with a semi-automatic device STT, and filling
with an automatic procedure with two devices.

¢ Welding with the MAG process of the root of the
welded joint on the inside, using the internal
centralizer, and on the outside with the automatic
MAG process with two devices.

e Welding from the outside with automatic MAG
process with two devices, Self-Shielded Flux
Cored Arc Welding wire FCAW-114 using an
internal centralizer with a copper ring.

The paper presents experiences with gas pipeline
welding, with a critical review of selected solutions
and suggestions for optimizing welding
technology.

Author's address / Adresa autora:
"NIVAR, Ni$, Serbia
2 Bureau Veritas, Belgrade, Serbia
®DGNDT, Nis, Serbia

Kljuéne recéi: centralizer uredaj za povezivanje i
centriranje cevi na gasovodu, STT uredaj za zavarivanje
MAG postupkom, FCAW-S -punjena samozastitna Zica
za zavarivanje.

Rezime

Gasovod ,Turski tok“ je izgraden u periodu
2019. do 2021. godine u ukupnoj duZini od 403km
(Zaje€ar-HorgoS). Cevovod je kapaciteta do 15
milijardi kubnih metara, preCnika 1219mm i debljine
14,27mm. Za izradu je Kkoris¢en  Celik
L485MEPSL2. Interkonektor Srbija-Bugarska je
duzine 109 km (Ni$-Sofija), kapaciteta 1.8 milijardi
kubnih metara gasa, pre¢nika 711mm i debljine
8,7mm. Za izradu je korid¢en &elik X52.

Za zavarivanje su koriSceni razli€iti postupci:

e Zavarivanja E-111(celulozna i bazi¢na obloga);

e MAG 135 sa zavarivanjem Kkorena zavarenog
spoja poluautomatskim uredajem STT, a ispuna
automatskim postupkom sa dva uredaja;

e Zavarivanje MAG postupkom korena zavarenog
spoja unutradnje strane, pomocu unutradnjeg
centralizera, a sa spoljasnje strane automatskim
MAG postupkom sa dva uredaja;

e Zavarivanje sa spoljne strane automatskim MAG
postupkom sa dva uredaja, samozastithom Zicom
FCAW-114 pomocéu unutrasnjeg centralizera sa
bakarnim prstenom.

U radu su predstavljena iskustva sa zavarivanjem
gasovoda, sa kritickim osvrtom na izabrana
reSenja i predlozima za optimizaciju tehnologije
zavarivanja.

The paper was published in its original form in the Proceedings of the International scientific and professional conference: Welding
connecting - "Welding and welded structures 2023" held in Sarajevo, BiH, from October 25 to 27, 2023
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1. Introduction

With accelerated industry development and the
increased foreign investments in new factories
development, the demand of energy sources has
increased, as well. Since the end of ninetees
Serbia has not constructed a single pipeline of
regional character, and not to talk about the
pipeline inter-connecting the countries. An
additional problem is gas supply, coming from the
direction of Hungary only and interruption of this
pipeline would be a great problem for Serbia.
Based on these reasons, as well as on geopolitical
situation, the works on the gas pipeline - Turkish
stream, from the border with Bulgaria to the border
with Hungary, started in 2019.

PRACTICE

The gas pipeline Turkish stream was
constructed in the period from 2019 to 2021, in the
total length of 403 km (Vrska Cuka - Horgos). The
capacity of the pipeline is up to 15 billion cubic
meters of gas, the diameter is 1219 mm and the
thickness is 14,27mm. The steel L485ME X70
PSL2 was used in construction.

After two years, further diversification of gas
supply was continued, in the way that in 2023 the
construction of Interconnector Serbia — Bugarska
started, the total length of which was 109 km,
capacity 1.8 billion cubic meters of gas, diameter -
711mm and the pipe wall thickness — 8.7mm. Steel
pipes X52 were used for fabrication of gas pipeline.
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Figure 1. Pipe ends preparation with IDC for automatic welding

Slika 1. - Priprema Krajeva cevi kod IDC-a za automatsko zavarivanje

2. Welding processes used in the pipeline
Turkish stream

Since two contractors were engaged in this
pipeline construction, there was the difference in
welding technologies, SAIPEM was welding from
external side only, while IDC had the welding
devices CRC-EVANS, by means of which they
were welding the weld root from the interior side,
while the hot pass, the filler welds and final weld
were done from the external side.

On the internal centralizer, IDC had 4 heads,
which were welding the weld root from the internal
pipe side. Both contractors were using automatic
MAG welding process, in that, Saipema weld root
was being welded in the way that the internal
centralizer had a copper ring on it, which enabled
gaining of a quality root weld.

For welding connections — assemby welds, both
contractors used the same preparation of the pipe
ends, but different welding technology.
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Figure 2. Pipe ends preparation for E process with IDC and Saipema, respectively

Slika 2. Priprema krajeva cevi kod IDC-a i Saipema za E postupak

Filler metal for pipe interior side welding -
welding pass of IDC was wire Thyssen TS-6
ER70S-G @ 0.9mm, while the wire, used for hot
pass welding, filler weld and final weld was
@1,0mm K-600 EN-ISO 14341-A G 46 2 C1 4Si1
[1]. The following devices were used for root weld:
IWM+Lincoln Idealarc DC400/Lincoln V350, while
the automatic  welding machine Evans
P600/P625+Fronius TPS 3200 were used for other
welds.Welding position PJ, from top to bottom DC+.

Preheating temperature was 120°C, and the
inter-layer temperature was 250°C. Preheating was
performed by an induction device PIH120, and the

inter-layer preheating was done by two gas
burners. Shielding gas was EN ISO 14175 M21.

Depending on what was welded, the welding
current strength ranged from 180-220A at root
pass, 220-300A at hot pass, 160-220A at filler
welds and from 110-150A at the final pass. The
voltage ranged from 18V at root pass up to 26V at
final pass.

The welding speed at root pass was 60cm/min
and up to 35cm/min at the final pass, in that,
pulsation was included in filler weld and final weld,
and its value was variable, depending on the pipe
wall thickness, that is, on the weld width.

Figure 3. Internal centralizer IDC

Slika 3. Unutra$nji centralizer IDC

For such welding technology, it is anticipated
that there is no clearance between the pipes, and
the allowed deviation is 0.5mm, but for not more

than 100mm. The time that may elapse between
the root weld and hot pass welding, may not be
longer than 5min.
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When welding connections and at spots where
the terrain configuration was not easily accessible,
the E welding process was used, with the basic
coating, namely, the root pass was done by EN ISO
2560-A E 42 5B 12 45 OK 53.70, and other welds
were done by means of an electrode EN ISO 2560-
AE504YB42H5 0K 74.70 @3,2mm.

PRACTICE

The welding current ranged from 90-110A at
root pass, 100-120A at hot pass, 110-130A at filler
welds and 110-120A at final pass. The voltage
ranged from 19V for root pass, up to 24V for the
final pass.

Figure 4. An Operator monitors the welding head operation in MAG process

Slika 4. Operater prati rad glave za zavarivanje MAG postupkom

The welding technology of the second
Contractor of works — Saipem differed in terms of
the filler materials selection, for mechanized MAG
process, in the way implying the electrode wire
14341-A G4Si1 OK Autrod 12.66 @1.0mm [2].

For the assembly welds and for weld repairs,
there was used E process, namely, for root pass,
an electrode with a cellulose coating EN 1ISO 2560-
A E 38 3 C 21 Bohler FOX CEL @3,2 mm [3]. The
other welds were done with an electrode with basic
coating EN I1SO 18275-A E 56 6NiMo B 4 2 H5, of
@3.2 and 4.0mm diameter. Welding position PH,
from the bottom to the top, unlike the mechanized
MAG welding process.

Welding parameters for mechanized MAG

process are, as follows:

The strength of the current, depending on the pass,
ranged from 200-260A at root pass, 180-240A at
the hot pass, 180-240A for filler weld, and 120-
180A for final weld. The voltage of the arc from 22
to 26V, in that, pulsation was used for other
passes, except the root pass, and the frequency
ranged from 80 to 160 No/min.

The welding speed ranged from 90cm/min for root
pass, from 50cm/min for hot pass and filler welds
and around 30cm/min for the final weld.

Welding parameters for E process are, as
follows:

The strength of the current, depending on the pass,
was around 100A at the root pass, 100-120A at the
hot pass, 160-180A for filler welds, and 110-130A
for the final weld. Arc voltage from 18 to 24V.

Welding speed ranged from 10cm/min for the root
pass, around 12-14cm/min for filler welds, and
around 10cm/min for the final weld.

Welding position PH, shielding gas, gases
mixture 30% Ar and 70% CO.. As in the case of the
first Contractor, the time between the root pass and
the hot pass may have not exceeded 5 min.
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3. Welding processes used in the pipeline
Interconnector Serbia - Bulgaria

In this gas pipeline, the welding was also
performed by two contractors, KONVAR Serbia and
HABAU Austria-Romania. The welding technogy
with both contractors was similar, that is, the root
pass was performed by MAG process 135, by solid
wire @1.0mm, position PJ, and the filler weld was

PRACTICE

welded by MAG -136 process, by filled wire

@1.2mm, position PH. The difference was only in
the welding equipment, with Habau — it was STT -
Lincoln Electric, while in Konvar it was LSC Fronius
for the root pass welding. Welding of the hot pass,
filer weld and final weld were performed by
automatic devices Piper plus, with Habau, and
Proteus devices, with Konvar.

Figure 5. Welding on the route

Slika 5. Zavarivanje na trasi

This welding technology was used for overhead
welding in the route, the welding parameters were
similar, and the selection of the filler material was
different. For welding of the root pass Konvar used
Bohler EMKG6 EN ISO 14341-A G 42 4 M21 3 Si [3],
while Habau used Supramig Ultra EN ISO 14341-A
G505 M4 Si1.

For welds of the hot pass, filling and final pass,
Konvar used the filled electrode wire Bohler
Diamond Sparks 52RC EN ISO 17632-A T 46 4 P
M21 H5, while Habau used Fluxofii MHD EN I1SO
17632-A T 46 3 PM 1 1 H5 [4].

Root pass welding parameters: current strength
90-120A, voltage 15-17V, welding speed 18cm/min,
hot pass and filler welds: current strength 160-
175A, voltage 22-25V, welding speed 17-19cm/min.
Final weld: current strength 170-190A, voltage 23-
25V, welding speed 16-18cm/min with pulsation.

Connection welds, repair of welded joints, as
well as the sections of the route in inaccessible
mountain conditions were being welded by E
process, by means of cellulose coated electrode.

The welding technology with both contractors was
the same, as well as the selection of additional
material. For the root pass the electrode used was
the one with a cellulose coating Bohler Fox Cel
@3,2mm, EN ISO 2560-A E 38 3 C21, and for filler
welds and final weld it was Bohler Fox Cel Mo
3,2 ili 4,0mm, EN ISO 2560-A E 42 3 Mo C 25.

Welding parameters: root pass - current
strength 80-90A, voltage 22-23V, welding speed 8
to 10cm/min; hot pass and filler welds - current
strength 95-105A, voltage 23-24V, welding speed
10-12cm/min and the final weld - current strength
100-110A, voltage 25-26V, welding speed
10cm/min.

Self-shielded wire was not used for welding in
these two gas pipelines, although the welding
process is much simpler, but the aforementioned
processes. For this process it is necessary to have
the internal centralizer with a copper ring, which
Saipem possesed and to have special guns for self-
shielded wire.
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Figure 6. Automatic welding device with self-shielding wire

Slika 6. Uredaj za automatsko zavarivanje samozastitnom Zicom

4. Conclusion

Based on the experiences gained in these two
gas pipelines, as well as the gas pipeline,
constructed by the end of the last century, it may be
said that each technology has its advantages and
shortcomings.

While at E-process welding by means of an
electrode with cellulose coating all failures in
preparation of a joint may be corrected by a skillful
welder, the problem is productivity, because with
pipe wall thickness of 8.7mm and diameter of
711mm, one welder may weld 1 to 2 welds during
the day.

This process is unavoidable when performing
welding connections and when welding in not easily
accessible terrains. MAG welding process when the
centralizer does not have the copper ring, requires
programmes for weld root welding and sensitivity to
the occurrence of porosity, particularly if the gas
pipeline passes near big watercourses.

Another problem, incurred here refers to pipe
dimensions tolerances, because there are big
differences in allowable deviation of pipe
circumference, ovality and thickness of the pipe
wall. This process is almost two and half times
more productive, but it's shortcoming is in
insufficient penetration, particularly if the pipe wall
thicknesses exceeded 10mm. The welding process
with self-shielding wire is the most productive from
all the mentioned ones, there are no problems with

seam  porosity occurrence or insufficient
penetration, both in the weld root, and the pipe
walls. Possessing the internal centralizer with a
copper ring always enables good penetration of
weld root and overcoming all problems related to
the pipe quality, allowable dimensional deviations.
The shortcoming is high cost of self-shielded wire,
compared to the price of other filler materials and
poor selection of self-shielded wires for welding
pipes made of better quality steels -X70.

4. Zakljugak

Na osnovu iskustva sa ova dva gasovoda, kao i
gasovoda, koji raden krajem proslog veka ,svaka
tehnologija ima svoje prednosti i mane.

Dok kod zavarivanja E postupkom elektrodom
sa celuloznom oblogom, sve greSke u pripremi
spoja , vest zavarivaC moze da ispravi, problem je
produktivnost, jer kod debljine zida cevi 8,7 mm i
precnika 711 mm, jedan zavariva¢ moze da zavari
1 do 2 zavara u toku dana.

Ovaj postupak je neizbezan kod zavarivanja
konekcija i zavarivanja na nepristupacnom terenu.
Zavarivanje MAG postupkom ako centralizer ne
poseduje bakarni prsten, zahteva posebne
programe za zavarivanje korena vara i osetljivost
na pojavu poroznosti, naroCito ako gasovod prolazi
blizu velikih vodotokova.
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Problem koji se ovde jo$ javlja, su tolerancije
dimenzija cevi, jer imate velike razlike u
dozvolijenom odstupanju obima cevi, ovalnosti i
debljini zida cevi. Ovaj postupak ima skoro dva i po
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Nedostatak je visoka cena samozastine Zice u
poredenju sa cenom ostalih dodatnih materijala i
mali izbor samozastitnih zZica za zavarivanjr cevi od
kvalitetnijih Celika X70.

puta vecCu prodiktivnost, ali ima nedostatak u
nedovoljnoj penetraciji, narociti ako su debljine zida
cevi vete od 10mm. Postpak zavarivanja
samozastitnom Zicom je naj produktivniji od svih
navedenih, nema problema sa pojavom poroznosti
u Savu ili sa nedovolinom penetracijom , kako u
korenu vara, tako i na zidove cevi. Posedovanje
unutradnjeg centralizera sa bakarnim prstenom
omogucava uvek dobar provar i sve probleme
vezane za Kkvalitet cevi, koji se odnose na
dozvoljena dimenzionalna odstupanja.
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CASOPIS ZAVARIVANJE | ZAVARENE KONSTRUKCIJE
Cenovnik oglasnog prostora u cetiri uzastopna broja 2024

A4 2/2 11 1/2 1/4 1/8 . .
] INDEKS OGLASIVACA
dimenzije 2 x ADVERTISERS INDEX
(mm) 210 x 297 210 x297 180 x 120 90 x 120 90 x 60
> crno/beli - 42 900 25300 17 600 11 000
o kolor 115 500 82 500 - - - MESSER TEHNOGAS
® U cene nije uracunat PDV 20%. .
m  Objavljivanje oglasa u samo jednom broju iznosi 30% od datih cena. REFIT INZENJERING
B Reklamni tekstovi: 25 % od cene povrsine crno/belih oglasa.
m  Dostava materijala: YASKAWA SLOVENIJA
e zacrno-beli film ili CD (Adobe Photoshop / CoreIDRAW);
e zakolor film ili CD (Adobe Photoshop / CoreIDRAW); HONEX
e izrada filma sa CD: 10 % od cene angazovanog prostora.
B Naweb prezetaciji DUZS-a, (www.duzs.org.rs), na strani Marketing, objavljuje se ELIMP

pregled firmi-oglasivaca sa podacima o glavnim grupama proizvoda/usluga i
adresom web prezetacije. Svi posetioci nase web prezentacije mogu da posete i web NEMINIK
prezentacije oglasivaca, preko aktivnih linkova koji se nalaze na ovoj stranici!

WELDING & WELDED STRUCTURES, Quarterly review SIGMA LAB
Advertising prices for four successive numbers in 2024
EDC D.0.0. HRVATSKA
A4 2/2 11 1/2 1/4 1/8
_______________________________________________________________________|
dimensions . TMS CEE D.0.0 BEOGRAD
(mm) 210 x 207 210 x 297 180 x 120 90 x 120 90 x 60
v black/white - 924 480 372 264
=)
w colour 2880 1848 - -
H VAT 20% included.
B Advertising in one number only is 35% of the given prices.
m  Commercial articles: 30 % of black/white advertising price.
H  Print material:
e for black/white CD (Adobe Photoshop / CorelDRAW)
o  for color CD (Adobe Photoshop / CoreDRAW).
m Al the visitors of our web site may be linked to the advertisers’ web site.
1. CLANARINA DUZS 22 2024, gOGINU ............co.vveieiiieeeeseeeeeet oot e, 3.500 dinara

Clanovima DUZS GRATIS godi$nje izdanje Gasopisa "ZAVARIVANJE | ZAVARENE KONSTRUKCIJE"

2. CASOPIS "ZAVARIVANJE | ZAVARENE KONSTRUKCIJE" - 2024. godina
u slobodnoj prodaji (u cene je uraunat PDV 10%):

LI o1 = W oo To g oo g oo o o - T PP PPPPPR 825 dinara

= godiSnja pretplata za 1 komplet brojeva godiSnjeg izdanja.............coouiiiiiiiiii 2.500 dinara
3. CASOPIS - stari brojevi (u cene je uradunat PDV 10%)

a) u slobodnoj prodaji:

= cena pojedinadnog broja za 2023. GOGINU ........evveureiririiries cereie ettt e 500 dinara

= cena pojedinacnog broja za prethodne GOINE. ...........eiiiiiiiiii e 250 dinara

b) beneficirane cene za ¢lanove DUZS:

= cena pojedinacnog broja za 2023. godinu (pouzecem ili Preuzimanem) ............cvevvveriieiiieniii e 400 dinara
= cena pojedinacnog broja za prethodne godine (pouzecem ili preuzimanjem) ..........ccccoviiiiiiiiiiiiiin Gratis
Knjiga Organizacija i ekonomika zavarivackih radova — autor: prof. dr Zoran Radojevi¢ (uracunat PDV 10%) .......... 1.045 dinara
Zbirke standarda OBEZBEDENJE KVALITETA U ZAVARIVANJU, komplet 4 toma 6.750 dinara
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