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REC UREDNIKA

Postovani citaoci,

mnogo toga nam se uz ovaj ¢asopis desava po prvi put.

Jedinstveni zavarivacki medunarodni dogadaj u Srbiji, nasa konferencija, bolje re€eno, njen za
zainteresovane vidljivi deo, pocinje.

Upravo zato, u ovom broju podinjemo sa Stampanjem radova koji su sastavni deo obe nase
manifestacije, tako da ¢e oni biti na raspolaganju i onima koji nisu u moguénosti da budu direktno
ukljuceni.

Nazalost, nasa radost ne moze da bude potpuna. Tokom avgusta ostali smo bez jednog od autora,
Milenka Peroviéa, ali neéemo ostati uskraéeni za njegov rad, koji ¢e biti objavljen u narednom
broju.

Prvi put smo svedoci da neko iz Srbije bude laureat nagrade IIW-a. Vencislav Grabulov je na
godisnjoj skupstini u Indoneziji postao vlasnik nagrade za regionalnu aktivnost lIW.

Preliminarna dozvola sertifikacionom telu -DUZS CertPers-u je dobijena. To znaci da ¢emo po
zavrSetku kongresa i savetovanja poceti sa sertifikacijom koordinatora i inspektora zavarivanja.

Vise informacija o pomenutim aktivhostima, pored radova, je na stranicama koje slede.

Glavni i odgovorni urednik
Milica Anti¢, dipl.ing. EWE
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VESTI ;[Eé NEWS

IN MEMORIAM

MILENKO PEROVIC
1959 - 2018.

Roden u Danilovgradu, MaSinski fakultet je zavrSio u Titogradu a magistarski rad je odbranio na Fakultetu
tehni¢kih nauka u Novom Sadu.

Milenko Perovi¢, nas pre svega prijatelj i divni kolega, veliki poznavalac razliitih tehnologija zavarivanja,
je napisao doktorsku disertaciju krajem 2017-te godine pod mentorstvom prof. Sebastijana BaloSa i prof.
Marka Rakina. Disertacija je proSla sva predvidena Vec¢a na Fakultetu tehnickih nauka i na Univerzitetu u
Novom Sadu, tako da je bilo predvideno da ovog septembra, Milenko disertaciju pod nazivom UTICAJ
PARAMETARA ZAVARIVANJA TRENJEM MIJESANJEM NA OTPORNOST PREMA LOMU
SUCEONOG SPOJA LEGURE ALUMINIJUMA VISOKE CVRSTOCE brani pred komisijom u kojoj je bilo
predvideno da osim mentora budu prof. Katarina Geri¢, prof. Darko Baji¢ i prof. Tomaz Vuherer.
Kandidat i komisija, iz tri drzave koje su nekada Cinile jednu.
Nas Milenko je okupio Jugoslaviju u malom oko svoje disertacije.
A o boravcima u Crnoj Gori, struénim razgovorima, izletima, druzenju, moglo bi se pisati i pisati.

Marko Rakin

Upoznala sam te pre skoro tri decenije kao polaznika kursa za inZzenjere zavarivanja. Ono posle, bila je
zavarivaCka bajka.

U hodu si reSavao ogromne probleme odrzavanja u tvom KAP-u, a reparaturno zavarivanje je postala
tvoja strast. ViSestruka talentovanost istrazivaca, sklonost ka pisanoj re€i uz izrazite govornicke
sposobnosti usmerili su te na nauéni rad. Kod nas, jedinstveni primer da savrSeni inzenjer postane dobar
doktor tehnickih nauka.

Od kolege po zavarivanju do jednog od retkih pravih prijatelja, nije bilo potrebno mnogo vremena.

Radovala sam se radanju tvojih momaka, Mirka i BoSka, uzivala u blistavoj odbrani tvog temeljno
pripremanog magistarskog rada, smejala sam se dok smo zabavljali drustvo na sajmovima, slusala tvoje
mudre zivotne i struéne savete, zudela za novim susretima...

Tvoja Zelja da pomognes i kada je pomo¢ nemoguéa, bila je dominantna strana tvog karaktera. A takvi se
izuzetno retko pojavljuju.

Tvojim bespovratnim odlaskom, otrgnut je najsjaniji biser u ogrlici mog zivota.

Tvoj veciti duznik, Milica Anti¢

100 ZAVARIVANJE | ZAVARENE KONSTRUKCIJE 3/2018
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Radomir Jovicié', Simon Sedmak’, Nada Ili¢*, Ljubica Radovi¢?, Svetlana Strbacki®, Milica Anti¢*, Zijah Burzi¢*

UTICAJ TEMPERATURE IVICE ZLJEBA | UNETE TOPLOTE NA
STRUKTURU | TVRDOCU ZONE UTICAJA TOPLOTE ZAVARENOG
SPOJA CELIKA P 460 NL1
THE IMPACT OF GROOVE EDGE TEMPERATURE AND HEAT INPUT
ON THE STRUCTURE AND HARDNESS OF THE HEAT AFECTED
ZONE OF STEEL 460 NL1 WELDED JOINT

Originalni nauéni rad / Original scientific paper

Rad je u izvornom obliku objavijen u Zborniku sa 4. IIW Kongresa
zavarivanja Jugoistocne Evrope ,Safe Welded Construction by
High Quality Welding“ odrZzanog u Beogradu 10-13. Oktobra 2018

Rad primljen / Paper received:
Jul 2018.

Klju€ne reci: temperatura ivica Zleba, vreme hladenja tgs,
strukture, tvrdoée

Abstrakt

Polazne  strukture i vreme hladenja u
temperaturnom intervalu 800 - 5000C (tg5) imaju
presudan uticaj na strukture i osobine zone uticaja
toplote zavarenih spojeva c&elika. Na vreme
hladenja tgs izmedu ostalog, utiCe i temperatura
ivice Zleba. Zbog zagrevanja toplotom Iluka
temperatura ivice Zleba duz spoja raste, zbog ¢ega
se vreme hladenja zone uticaja toplote produzZava.
Samim tim, duz spoja se produzava i vreme
hladenja tg;s. U radu su prikazani rezultati merenja

temperatura ivica  Zleba pri  zavarivanju
viSeprolaznog suceonog spoja mikrolegiranog
Celika P 460 NL1. Odreden je uticaj ovih

temperatura na vremena hladenja tg5s i na makro i
mikrostrukture i tvrdo¢e u zoni uticaja toplote ovog
zavarenog spoja.

1.Uvod

Odlu€ujuéi uticaj na dobijene strukture u zoni
uticaja toplote (ZUT) Celika imaju njegov hemijski
sastav, polazna struktura i vreme hladenja u
temperaturnom intervalu najmanje stabilnosti
austenita tj. u temperaturnom intervalu 800 -
500°C. Na vreme hladenja ZUT imaju uticaj fizicke
osobine d&elika, toplotna provodljivost i specifiCna
toplota, debljina osnovnog materijala (OM), tip
spoja i parametri zavarivanja, tj. temperatura OM i
koli¢ina unete toplote. Snizenje temperature OM uz
ivicu Zleba ubrzava hladenje ZUT i skraduje vreme
tgs. Zbog toga se, u ZUT, povecava sklonost ka
obrazovanju struktura koje su sklone zakaljivanju,
otezava se oslobadanje gasova iz MS, &ime se
poveéava verovatnoCa pojave poroznosti i
poveéava koli¢ina rastvorenih gasova u MS i ZUT,

Adresa autora / Author's address:
"Inovacioni centar Masinskog fakulteta
Beogradu, Srbija

Vojno — tehnicki institut, Beograd, Srbija
3KonMat doo, Beograd, Srbija
* Drustvo za unapredenje zavarivanja u Srbiji, Beograd, Srbija

Univerziteta u

Key words: groove edge temperature, cooling time t g,
structure, hardness

Abstract

The starting structures and cooling times in the
temperature range 800 - 5000C (igs) have a
decisive influence on the structures and properties
of the heat afected zone of steel welded joints. At
the cooling time tgs, inter alia, the groove edge
temperature has an effect. Due to heating by the
electrical arc, the groove edge temperature along
the joint, increases, resulting in extending of the
cooling time of the heat affected zone. Therefore,
the cooling time t g;5is extended along the joint. The
paper presents the measurement results of the
groove edges temperature during the welding of the
multilayer joint of the microalloyed steel P 460 NL1.
The influence of these temperatures on the cooling
time tg5 and on the macro and microstructure and
hardness in the heat affected zone of this welded
joint was determined.

1. Introduction

The decisive influence on the obtained structures in
the heat-affected zone (HAZ) of steel has its
chemical composition, the starting structure and the
cooling time in the temperature interval of at least
the austenite stability, i.e. in a temperature range of
800-500 °C. At the HAZ cooling time, influences
physical properties of the steel, the thermal
conductivity and the specific heat, the thickness of
the base material (BM), the type of joints and the
welding parameters, i.e. BM temperature and
amount of heat input. Lowering the BM temperature
along the groove edge accelerates the cooling of
the HAZ and shortens the time tg5. Therefore, in the
HAZ, the possibility to form structures that are
prone to quenching increases, the release of
gases from the WM is complicated, which §to je
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naroCito vazno kada je u pitanju vodonik. Takode,
zbog povecCanja temperaturnog  gradijenta,
povecCavaju se zaostali naponi. Sve ovo utiCe na
povecéanje sklonosti zavarenih spojeva ka pojavi
hladnih prslina [1, 2]. Poveéanje temperature OM
uz ivicu zleba dovodi do povec¢anja udela OM u
sastavu MS, zatim do Sirenja ZUT, do Sirenja
krupnoznog dela ZUT i do rasta zrna u ZUT, §to
ima za posledicu pad mehaniékih osobina u ovom
delu spoja [3].

Zeljene strukture i osobine ZUT, kod zavarivanog
Celika, se mogu dobiti samo pri odgovarajucem
vremenu hladenja tg;s. Vezu izmedu struktura ZUT i
vremena tgs daju TTT dijagrami izradeni za uslove
zavarivanja. Zadato vreme tg5, za odredeni Celik, se
postize unosom odgovarajuée koli¢ine toplote (Q)
pri odredenoj temperaturi ivice Zleba. Usled
zagrevanja OM toplotom luka temperatura ivice
Zleba i njegove okoline duZ spoja raste, zbog €ega
se vreme tg5, duz spoja produzava. Prema tome,
da bi se u realnim uslovima, u ZUT dobile Zeljene
strukture potrebno je odrediti dijapazon vremena
hladenja tgs, koji ima donju i gornju granicnu
vrednost [4]. Ovo je naro€ito vazno kada se
zavaruju Celici koji se proizvode u uslovima
precizno vodenih rezima termomehaniCke obrade.

2.Vreme hladenja tg;5s i temperatura ivice zleba

Postupak za odredivanje vremena hladenja tgs je
opisan u literaturi [5]. Prvi korak u proracunu je
odredivanje potrebne temperature predgrevanja
(To) i meduprolazne temperature (Tmp) u uslovima u
kojima se zavaruje  odredeni  spo;. U
eksperimentalnom delu ovog rada predvideno je da
ispitni spoj bude su€eoni spoj zavaren na Celiku P
460 NL1, debljine 14mm. Hemijski sastav koriS¢ene
SarZe Celika je dat u tabeli 1. Za zavarivanje su
odabrani MAG postupak, za$titni gas meSavina
82% Ar — 18% CO, i dodatni materijal (DM) G46
4M/C G4Si1 (EN ISO 14341-A) precnika 1,2 mm.

4
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which is especially important when it connected to

hydrogen. Also, due to an increase in the
temperature gradient, the residual stresses
increase. All that affects the increase in the

tendency of welded joints to the appearance of cold
cracks [1,2]. Increasing the BM temperature along
the grove edge, leads to an increase in the
proportion of BM in the composition of WM, then to
the spread of HAZ, to the spread of the coarse-
grain part of HAZ and to the grain growth in HAZ,
resulting in a drop in mechanical properties in this
part of the joint [3].Preferred structures and
properties of HAZ, for welded steel, can be
obtained only at the appropriate cooling time tgs.
The connection between the HAZ structures and
the time t g5 permits TTT diagrams designed for
welding conditions. The given time t g5 for certain
steel is achieved by the appropriate heat input (Q)
at a certain temperature of the groove edge. Due to
the heating of the BM by the heat of electrical arc,
the temperature of the groove edge and its
surroundings along joint is increased, which causes
that time t g5 along joint be extendrd. Therefore, in
order to obtain the desired structures in the HAZ, in
real terms, it is necessary to determine the slope of
cooling time t g5, which has a lower and upper limit
value [4]. This is especially important during
welding of steels which are produced under the
conditions of precisely controlled thermo-
mechanical treatment.

2.Cooling time tg;5 and groove edge temperature
The procedure for determining the cooling time t g5
is described in the literature [5]. The first step in
calculation is to determine the required preheating
temperature (Tp) and the interpass temperature (T))
in the conditions in which a particular joint is
welded. In the experimental part of this paper, it is
anticipated that the test joint is a welded joint of
steel P 460 NL1, thickness of 14 mm. The
chemical composition of used steel batch is given
in Table 1. For welding process, GMAW process,
the protective gas mixture 82% Ar-18% CO, and
filler material (FM) G46 4M / C G4Si1 (EN ISO
14341-A) with diameter of 1,2 mm are selected.
increases the likelihood of porosity and increases the
amount of dissolved gases in the MW and HAZ,

Element C Si Mn S Al Cr Ni
% 0,160 0,390 1,420 0,007 0,003 0,031 0,04 0,670
Element Mo Cu \ Nb Ti B N -
% 0,008 0,093 0,098 0,038 0,03 0,0003 0,0055

Table 1. Chemical composition of the base material
Tabela 1. Hemijski sastav osnovnog materijala

102
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Jednacine i podaci potrebni za proracun Tp i Tmp,
kao i njihove izraCunate vrednosti za navedeni spoj,
su dati u tabeli 2. Parametar CET je izraCunat na
osnovu jednacine 2 iz tabele 2. i podataka iz tabele
1. Parametar TpQ je izraCunat na osnovu
oCekivanih koli¢ina unete toplote za koreni zavar i
zavare popune, tabela 3. Koli€ine unete toplote su
izraCunate iz jednacCine 5, tabela 2. i parametara za
zavarivanje, tabela 3. 1z tabele 2. se vidi da se
parametar TpQ razlikuje za koreni i zavare popune,
zbog €ega se razlikuju Tp i Tmp, ali ne znacajno.

4
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The equations and data required for Tp and Ti
calculation, as well as their calculated values for
given joint, are presented in table 2. CET
parameter is calculated on the basis of the equation
2 in table 2 and the data in table 1. TpQ parameter
is calculated on the basis of the expected heat
input for root and other weld runs, table 3.
Quantities of heat inputs are calculated from
equation 5, table 2 and welding parameters, table
3. From table 2 it can be seen that TpQ parameter
is different for the root and other weld runs, and
because of that, Tp and Ti differentiate, but not
significantly.

Jednacine Parametri Temp.
[0}
C
1 TpCET TpCET =750 - CET - 150 + 95,3
CET CET =C + (Mn + Mo)/10 + (Cr + CET = 0,327
Cu)/20 + Ni/40 (%)
3 Tod Toq = 160 - tanh (d/35) — 110 d=14 mm -49,2
4 Toto Tonp = 62 - HD **° — 100 HD = 5 ml/100 gr +8,9
5 Q Q=n-1-U/(v,-1000) [KJ/mm] n=0,8;I[A]; U
[V]; v, [mm/sec]
6 | Tpo—koren Toa=(83-CET -32)Q-53 - CET + Q =1,25 KJ/mm -3,6
32
7 T,- koren To=Tocer+ Toa* Torp * Tpa - 1,4
8 |Toa-popuna | T,u=(53-CET-32)Q-53-CET + Q =1,32 KI/mm -4,7
32
9 Tp' popuna Tp = TpCET + Tpd + TpHD + TpQ - 50,3

Table 2. Calculation of preheating temperature Tp and interpass temperature Ti
Tabela 2. Propradun temperature predgrevanja Tp i meduprolazne temperature Tmp

Tp | U \ Vz Q tsss
°C A V cm/min | mm/sec | KJ/mm sec
1 Root run 51 130 16,0 8,0 1,33 1,25 9,3
2 Filling runs 50 230 30,0 25,0 417 1,32 10,3

Table 3. Welding parameters, heat input and cooling time t g5
Tabela 3. Parametri zavarivanja, koli¢ine unete toplote i viemena hladenja tgs

Sledeéi korak u odredivanju vremena hladenja tgs
je odredivanje prelazne debljine OM. To je debljina
OM pri kojoj se odvodenje toplote menja iz
dvodimenzionalnog u trodimenzionalno. Za uslove
zavarivanja korenog zavara i zavara popune, u
razmatranom primeru, prelazna debljina iznosi 18
mm, [5]. S obzirom da je debljina OM manja od
prelazne debljine, u konkretnom sluc¢aju se radi o
dvodimenzionalnom odvodenju toplote.

Jednadina za odredivanje vremena tgs za
niskougljenicne i  mikrolegirane Celike, pri
dvodimenzionalnom odvodeniju toplote, [5] glasi:

tgs = (4300 — 4,3 T,) - 10° - Q%d* - [1/(500 — T,)* -
1/(800 - T,)’] - F, sec (1)

gde su: T, — temperatura predgrevanja °C; Q —
koli¢ina toplote unete KJ/mm; d — debljina OM mm;
F, — faktor oblika spoja.

The next step in cooling time t g5 determining is the
determination of BM transient thickness. This is BM
thickness at which the heat transfer changes from
two-dimensional to three-dimensional. For the
conditions of root run and filling runs, in the
considered case, transient thickness is 18 mm [5].
Since BM thickness is less than the transient
thickness, in concrete case it is a two-dimensional
heat transfer.

The equation for determining time t g5 for low-
carbon and micro- alloyed steels, in the case of
two-dimensional heat transfer, [5] is:

tgs = (4300 — 4,3 T,) - 10° - Qd® - [1/(500 — T,)* -
1/(800 - T,)’] - F, sec (1)

Where: Tp is the preheating temperature °C; Q - heat
input KJ/mm; d - BM thickness; F2 - factor of joint shape.

ZAVARIVANJE | ZAVARENE KONSTRUKCIJE, 3/2018, str. 101-113

103



NAUKA#*ISTRAZIVANJE*RAZVOJ

Preporucena vremena hladenja tess, za
niskougljenic¢ne i mikrolegirane Celike u koje spada i
Celik P 460 NL1, se krec¢u u intervalima 10 - 25 sec.
[5], 15 sec [6] i 5 - 20 sec. [7]. Razlike u
preporu¢enim vremenima hladenja su posledica
razlika u hemijskim sastavima i mikrostrukturama
ispitivanih  OM. Za potrebe ovog rada, kao
optimalan, usvojen je raspon vremena hladenja tgs
od 10 do 20 sec. Izradunata vremena tg5, tabela 3.
su na donjoj granici optimalnih vrednosti.
Rasprostiranje toplote u OM, pri elektrolu¢nom
zavarivanju, je prikazano na slici 1. [8]. Sa slike se
vidi da se raspored temperatura i oblici
temperaturnih polja menjaju pri razli€itim snagama i
brzinama kretanja luka. Sa slike se vidi i da se
temperatura OM levo i desno i ispred tacke u kojoj
se luk trenutno nalazi povecava i to utoliko vise
ukoliko je snaga luka veca, a brzina njegovog
kretanja manja. Slika 1. se odnosi na uslove
stacionarnog prenosa toplote. U tim uslovima je
razlika u temperaturama ivice zleba i OM, duz Sava
konstantna, zbog cCega je brzina hladenja ZUT
konstantna.

4
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The recommended cooling times t g5, for low-
carbon and micro-alloyed steel, which includes
steel P 460 NL1, range from 10 to 25 sec. [5], 15
sec [6] and 5 - 20 sec. [7]. Differences in
recommended cooling times are the result of
differences in  chemical composition and
microstructure of investigated BM. For the
purposes of this paper, as optimal, the cooling time
range t g5 of 10 to 20 sec was adopted. Calculated
times t g5, table 3, and are at the lower limit of
optimal values.

The spread of heat in BM, in arc welding, is shown
in figure 1 [8]. The picture shows that the layout of
temperatures and shapes of temperature fields
change at different forces and speeds of arc
moving. It can be seen from the picture that BM
temperature on left and right and in front of the
point, where arc is currently located, increases, and
this is all the more if arc power is larger and
movement speed is lower. Figure 1 refers to the
conditions of stationary heat transfer. In these
conditions, the temperature difference between
groove edge and BM is constant; along joint is
constant, which is reason for constant cooling rate
of HAZ.
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Slika 1. Raspored temperatura u OM usled zagrevanja toplotom elektricnog luka,
pri razli¢itim parametrima zavarivanja
Figure 1. Temperature distribution in the BM due to heating by an electric arc,
for different welding parameters

Na pocCecima zavara vladaju nestacionarni uslovi
prenosa toplote. Osnovni materijal je hladniji nego
na delu spoja gde vladaju stacionarni uslovi. Zbog
toga je na poCecima zavara brzina hladenja ZUT
veCa nego na delovima zavara gde vladaju
stacionarni uslovi. Sa povecanjem duzZine spoja,
toplota luka sve viSe zagreva OM, zbog Cega raste
njegova temperatura [3]. Ona, nakon odredene
duZine spoja, dostize veliinu koju ima na delu
spoja gde vladaju stacionarni uslovi.

At beginning of runs, unsteady conditions of heat
transfer are governed. Base material is colder than
part of the joint where the stationary conditions
prevail. Therefore, at the beginning of runs, HAZ
cooling rate is higher than on runs where the
stationary conditions prevail. With increasing of
joint length, electrical arc is increasingly heats BM,
which increases its temperature [3]. It, after a
certain joint length, reaches the size equal to the
part of joint where the stationary conditions prevail.
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Za odredivanje uticaja temperature ivice zZleba na
vreme hladenja tgs moze se koristiti jednacina (1),
pod uslovom da se temperatura predgrevanja T,
zameni temperaturom ivice Zleba. Zamena ovih
temperatura je moguca s obzirom da T, takode,
pretstavlja temperaturu ivica Zleba.

Slika 1. pokazuje da su temperature ivice zZleba u
tacki u kojoj se luk trenutno nalazi razliCite i da
zavise od snage luka i brzine zavarivanja. Osim
toga ove temperature zavise i od oblika i dimenzija
Zleba, toplotnih karakteristika OM, odabranog
postupka zavarivanja i temperature predgrevanja.
Posto je povecéanje temperature ivice Zleba, usled
zagrevanja toplotom luka teSko precizno odrediti,
da bi se utvrdilo da li je odredeni spoj zavaren pri
optimalnim vremenima hladenja tgs potrebna su
naknadna ispitivanja ZUT, npr. makrostrukturna i
mikrostrukturna ispitivanja, merenja  tvrdoca,
ispitivanje Zilavosti loma.

3. EKSPERIMENT | REZULTATI ISPITIVANJA
Za zavarivanje eksperimentalnog spoja koriS¢ene
su ploc¢e dimenzija 500 x 200 x 14 mm od Celika P
460 NL1, tabela 1. Spoj je zavaren MAG
postupkom. Koris¢en je DM VAC 65 prec¢nika 1,2
mm, proizvodaca "Elektrode Jesenice" i zastini gas
82% Ar — 18% CO, pri protoku od 12 |/min.
Karakteristike DM su date u tabelama 4. i 5. Za
zavarivanje je koris¢en uredaj Kemppi FastMig
Pulse 350. Zavarivanje je izvedeno u V Zlebu sa
uglom otvora 60°, visinom zatupljenja 1 do 2 mm i
razmakom u korenu 3 do 4 mm. Uslovi zavarivanja
ukruéenih spojeva na konstrukcijama su simulirani
zavarivanjem vertikalnih rebra na ploCe, ¢ime su u
spoju, povecéani zaostali naponi, slika 2.

4
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Equation (1) can be used to determine the
influence of groove edge temperature on cooling
time tg5, provided that the preheating temperature
Tp is replaced by groove edge temperature.
Replacement of these temperatures is possible
since Tp also represents the groove edges
temperature. Figure 1 show that groove edges
temeperatures at a point of currently electrical arc
is different and depend on electrical arc strength
and welding speed. In addition, these temperatures
also depend on shape and dimensions of groove
edge, thermal characteristics of BM, selected
welding process and preheating temperature.
Since, the increase in the temperature of groove
edge is difficult to determine precisely, caused by
electrical arc heat, in order to determine whether a
particular weld is welded at optimum cooling times t
g5, Subsequent HAZ tests are required, e.g. macro
structural and microstructure tests, hardness
measurements, fracture toughness testing.

3. EXPERIMENT AND EXAMINATION RESULTS
Plates of dimension 500 x 200 x 14 mm made of
steel P 460 NL1, table 1. were used for welding the
experimental joint. The joint was welded with
GMAW process. Filler material DM VAC 65 with
diameter of 1.2 mm, produced by "Electrodes
Jesenice" and protection gas 82% Ar - 18% CO, at
flow rate of 12 I/min, were used. FM characteristics
are given in tables 4 and 5. For the welding, the
Kemppi FastMig Pulse 350 was used. The welding
was carried out on V groove with angle of 60 °, and
root height of 1 to 2 mm and a root gap 3 to 4 mm.
The welding conditions of the stiffened joints on the
structures were simulated by welding the vertical
ribs onto the plates, which resulted in the increased
residual stresses, figure 2.

C Si

P S

0,08 1,00

1,70

<0,025 <0,025

Table 4. Chemical composition of filler material VAC 65 (%)
Tabela 4. Hemijski sastav dodatnog materijala VAC 65 (%)

Yield strength Tensile strength Elongation Toughness on - 40°C
R, MPa R, MPa As % A J
> 460 560 — 690 > 22 > 47

Table 5. Mechanical properties of weld metal of filler material VAC 65
Tabela 5. Mehani¢ke osobine &istog metala Sava dodatnog materijala VAC 65
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g o

Figure 2. Plate prepared for weling
Slika 2. Ploc¢a pripremljena za zavarivanje

Parametri zavarivanja eksperimentalnog spoja su
dati u tabeli 6. U korenom zavaru su namerno
napravljene greske, neprovareni koren na pocetku i
na kraju spoja, slika 3. Tokom zavarivanja
kontinualno su mereni jacina struje i napon pomocu
uredaja Kemppi ARC Q, Sto je omogucilo da se
precizno odredi koli¢ina unete toplote u svakom
pojedinacnom zavaru. Slika 4. prikazuje raspored
pojedinacnih zavara.

SCIENCE*RESEARCH*DEVELOPMENT

Figure 3. Root run with deliberately made imperfections
Slika 3. Koreni zavar sa namerno napravljenim greSkama

Welding parameters of the experimental joint are
given in table 6. At the root run, imperfections were
made intentionally, the wunfused root at the
beginning and at the end of the joint, figure 3.
During the welding, the current and voltage were
measured continuously with the Kemppi ARC Q,
which enabled the precisely determining of heat
input in each individual run. Figure 4 shows the
schedule of individual runs.

Run To/Tmp (°C) I(A) U (V) v, (mm/sec) Q (KJ/mm)
Run 50 114 17,8 2,36 0,69
I-Fill 48 171 20,2 3,45 0,80
II-Fill 55 233 27,0 6,02 0,84
I1I-Fill 59 238 26,7 4,90 1,03
IV-Fill 60 237 26,2 4,24 1,17
V-Fill 50 238 258 4,53 1,08

Table 6. Welding parameters and the heat input of the experimental joint
Tabela 6. Parametri zavarivanja i koli¢ine unete toplote eksperimentalnog spoja

Tokom zavarivanja svakog zavara merene su
temperature OM pored ivica Zleba u tatkama 1 do
8, slika 3. Temperature su merene IC
termometrom, koji je prethodno bazdaren pomocu
kontaktnog termometra. Iz spoja su, za ispitivanja,
uzeta dva uzorka, uzorak 1. u blizini poCetka spoja i
uzorak 2. u blizini kraja spoja, slika 5. Temperature
ivica Zleba na povrSinama ispitnin uzoraka su
odredene aproksimacijom pomocu temperatura
izmerenih u tatkama izmedu kojih se uzorak nalazi.

During the welding of each run, the BM
temperatures were measured along the groove
edges in points 1 to 8, fig. 3. The temperatures
were measured with an IC thermometer, which was
previously calibrated using a contact thermometer.
From the joint, for testing, were taken two samples,
sample, near the beginning of the joint and sample
2, near the end of the joint, figure 5. The groove
edges temperatures on the test sample surfaces
was determined by approximation using the
temperature measured at the points between which
the sample is located.
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Figure 4. Welding schedule
Slika 4. Raspored zavara

U tabeli 7. su, za oba uzorka, date temperature
ivica Zleba za pojedinaCne zavare, koliCine unete
toplote i na osnovu njih izraCunata vremena tgs u
ZUT svakog pojedina¢nog zavara.

SCIENCE*RESEARCH#*DEVELOPMENT

Smer zavarivanja

uzorak 1
5 3 1

uzorak 2

18 6 4 ZZ R

30| 30 | 20 | 20 | 30| 30|

160 160

Figure 5. Samples location 1 and 2
Slika 5. Mesta uzimanja uzoraka 1. i 2.

In table 7, for each sample, the groove edges
temperatures for the individual runs, heat input and
the basis of them calculated the time t g5 in the
HAZ of each individual run is given.

Run Sample 1. Sample 2.
T(°C) Q (KJ/mm) tgs5 (sec.) T(°C) Q (KJ/mm) tgs5 (sec.)

Root 94 0,69 3,4 188 0,69 5,8
Fill | 105 0,80 4,9 178 0,80 7.4
Fill Il 113 0,84 5,6 234 0,84 11,8
Fill 1l 112 1,03 8,4 269 1,03 23,3
Fill IV 110 1,17 10,8 230 1,17 22,2
Fill vV 110 1,08 9,2 230 1,08 19,0

Table 7. Groove edges temperatures and the cooling times t g5 near start and end of joint
Tabela 7. Temperature ivica Zleba i vremena hladenja tgs u blizini poCetka i kraja spoja

Slike 6. i 7. prikazuju makrostrukture uzoraka 1. i 2.
Uzorci za ispitivanje makrostruktura su pripremlijeni
brusenjem, a zatim su nagrizeni u 3% rastvoru
Nitala. Na obe slike se uoCavaju greske i to, na slici
6. neprovareni koren, a na slici 7. pora u MS uz
liniju stapanja.

Figures 6 and 7 show the macrostructure of
samples 1 and 2. The samples for macrostructure
testing were prepared by grinding and then etched
by 3% Nital solution. In both pictures, imperfections
are noticed, and in figure 6, the unfused root, and in
figure 7, the pore in the WM near the fusion line.

Figure 6. Macrostructrure of sample 1.
Slika 6. Makrostruktura uzorka 1.

Figure 7. Macrostructrure of sample 2.
Slika 7. Makrostruktura uzorka 2.
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Sa slika se vidi i da je $irina MS uzorka 2. veéa od
sirine MS uzorka 1. Ovo je narogito izrazeno u zoni
korena spoja, gde se razlike u Sirinama MS krecu
od 1,2 do 2,2 mm (30 do 50%) i lica spoja, gde se
te razlike kreéu od 1,8 do 3,8 mm (10 do 20%).
Razlike u $irinama MS na sredini spoja su manje i
kreéu se do 0,5 mm.

Slike pokazuju i da je Sirina ZUT uzorka 2. veca od
Sirine ZUT uzorka 1. U korenom delu spoja razlika
u Sirinama ZUT se kre¢e od 1,6 do 3,0 mm (60 do
100%), a u zoni lica spoja ta razlika se kre¢e od 1,8
do 2,4 mm (30 do 45%). Razlike u Sirinima ZUT
oba uzorka su minimalne u sredini spoja. Sa slika
se vidi i da je ZUT zavr$nih zavara, na oba uzorka
uzi na povrdini OM nego ispod njegove povrsine.
Sirina ZUT zavr$nih zavara je najve¢a na dubini 2
do 4 mm ispod povrSine OM. Slike pokazuju da se
grubozrni ZUT, u uzorku 1., pojavijuje u ZUT
zavrSnih zavara, a u uzorku 2. i u ZUT zavr$nih
zavara i u ZUT korenog zavara. Grubozrne zone u
uzorku 1. su uZe, zahvataju manju povrsinu i
prostiru se na dubini 1 do 2,5 mm. U uzorku 2.
grubozrne zone uz lice spoja su Sire, zahvataju
vecu povrsinu i prostiru se na dubini od 1 do 4 mm.
U ZUT korena uzorka 2. grubozrni ZUT se prostire
do dubine od 1 mm.

TvrdoCe su izmerene metodom Vickers, silom
utiskivanja od 49N (HV5), na uredaju "Wolpert
Dijatestor 2RC" [9]. Tvrdo¢e OM, u oba uzorka, se
kreéu izmedu 190 i 210 HV 5. Tvrdoée u MS uzorka
1. u zoni lica spoja iznose 232 HV5, a u zoni
korena spoja 210 HV5. Tvrdoée MS uzorka 2. se
krecu izmedu 232 i 257 HV5 u zoni lica spoja i oko
232 HV5 u zoni korena spoja. Tvrdoée u ZUT su
date u tabelama 8. i 9. Zatamnjene cifre
pretstavljaju tvrdoée izmerene na linijama stapanja
ili u nijhovoj neposrenoj blizini u ZUT. Na slikama 8.
i 9. prikazan je raspored mesta merenja tvrdoéa u
ZUT oba uzorka.

Figure 8. Schedule of hardness measuring point 1
Slika 8. Raspored mesta merenja tvrdoca 1.

4
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The picture shows that the width of the WM of the
sample 2 is larger than the width of the WM of
sample 1. This is especially expressed in the root
zone of the joint, where the differences in the
widths of the WMrange from 1.2 to 2.2 mm (30 to
50%) and joint faces, where these differences
range from 1.8 to 3.8 mm (10 to 20%). The
differences in the widths of the WM in the middle of
the joint are smaller and range up to 0.5 mm. The
pictures also show that the width of the HAZ of the
sample 2 is greater than the sample 1. At the root
of the joint, the difference in the widths of the HAZ
ranges from 1.6 to 3.0 mm (60 to 100%), and in the
face joint, the difference is ranges from 1.8 to 2.4
mm (30 to 45%). The differences in the widths of
the HAZ are both minimal in the middle of the joint.
From the pictures it can be seen that the HAZ of
the final runs, on both samples, is narrower on the
surface of the BM, than below its surface. The
width of the final runs HAZ is the largest at a depth
of 2 to 4 mm below the BM surface. The images
show that coarse-grained HAZ, in sample 1,
appears in HAZ of final runs, and in sample 2 it
appears in final runs HAZ and in root runs HAZ,
also. The coarse zones in the sample 1 are narrow;
they engage in a smaller surface and extend at a
depth of 1 to 2.5 mm. In the sample of the coarse-
grained zone 2, the joints are wider; they cover a
larger surface and extend at a depth of 1 to 4 mm.
In the roots HAZ of the sample 2 coarse HAZ
extends to a depth of 1 mm. The hardness was
measured by the Vickers method, by injection force
of 49N (HV5) on the "Wolpert Dijatestor 2RC" [9].
The hardness of the BM in both samples ranges
between 190 and 210 HV 5. The hardness in the
WM of sample 1. In the face zone of joint is 232
HV5, and in the root zone of the joint is 210 HVS.
The WM hardness of the sample 2. ranges
between 232 and 257 HV5 in the face zone and
about 232 HV5 in the root zone of the joint.
Hardness in HAZ is given in tables 8 and 9.
Dimming digits represent the hardness measured
on the fusion lines or in their immediate vicinity in
the HAZ. Figures 8 and 9 shows the layout of the
hardness measurement point in the HAZ of both
samples.

Figure 9. Schedule of hardness measuring point 2
Slika 9. Raspored mesta merenja tvrdoca 2.
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1 2 3 4 5 6 7 8 9 10 11 12

I 257 313 353 257 328 286 336 353 262 371 345 321
Il 257 | 257 321

11 353 362 321 286 321 286 321 286 321 257 | 286 257

[\ 321 362 362 362 321 286 362 286 | 286 | 257 | 286 321

Table 8. HAZ sample 1. Hardness measurement results (HV 5)
Tabela 8. Rezultati merenja tvrdo¢a u ZUT uzorka 1. (HV 5)
1 2 3 4 5 6 7 8 9 10 11
I 274 313 293 290 321 358 299 366 345 362 386
Il 257 286 286 257 286 286 232
Il 293 358 321 321 286 257 286 286 257 257 286
v 336 362 362 321 286 286 286 210 286 257 257

Table 9. HAZ sample 2. Hardness measurement results (HV 5)
Tabela 9. Rezultati merenja tvrdo¢a u ZUT uzorka 2. (HV 5)

Sa slika i iz tabela se vidi da su, na oba uzorka,
maksimalne vrednosti tvrdo¢a izmerene u ZUT
zavrSnih zavara (362 HV 5) i da tvrdoce ZUT
opadaju od lica ka korenu spoja (362 do 260 — 280
HV 5). Ove vrednosti su praktiCno iste u oba
uzorka.

Slike 10. do 15. prikazuju mikrostrukture u ZUT oba
uzorka, koje su reprezentativne za temu ovog rada.
Mikrostrukture su pregledane na metalografskom

mikroskopu  "Letiz" i ovde su prikazana
karakteristicha mesta [10]. Pozicija svakog
karakteristithog mesta je oznaCena na
odgovaraju¢oj makrofotografiji, slike 6. i 7.

Mikrostrukture su otkrivene nagrizanjem u 5%
rastvoru Nitala.

500 X
Figure 10. Sample 1, face of joint, HAZ of last run,
upper bainite
Slika 10. Uzorak 1., lice spoja, ZUT poslednjeg zavara,
gornji beinit

With the figures and from the table it can be seen
that the maximum hardness values were measured
in the HAZ of the final runs (362 HV 5) on both
samples and that the HAZ hardness dropped from
the face to the root of the joint (362 to 260 - 280 HV
5). These values are practically the same in both
samples.Figures 10 through 15 show the
microstructures in the HAZ of both samples, which
are representative of the subject of this paper. The
microstructures  were  examined on the
metallographic microscope "Letiz", and
characteristic sites are shown [10]. The position of
each characteristic spot is indicated on the

appropriate macrophotography, figures 6 and 7.
Microstructures were detected by etching in a 5%
Nital solution.

Figure 11. Sample 2, face of joint, HAZ of last run, upper

bainite

Slika 11. Uzorak 2.,lice spoja, ZUT poslednjeg zavara,

gornji beinit
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Figure 12. Sample 1. face of joint, HAZ of before last
run, upper bainite
Slika 12. Uzorak 1. lice spoja, ZUT pretposlednjeg
zavara, gornji beinit

SCIENCE*RESEARCH*DEVELOPMENT

500 X
Figure 13. Sample 2. face of joint, HAZ of before last
run, upper bainite
Slika 13. Uzorak 2. lice spoja, ZUT pretposlednjeg
zavara, gornji beinit

Figure 14. Sample 1., HAZ of root run,grain bainite
Slika 14. Uzorak 1., ZUT korenog zavara, zrnasti
beinit

Slike 10. do 13. prikazuju mikrostrukture grubozrnih
delova ZUT zavr$nih zavara tj. zavara lica spoja.
Kod oba uzorka mikrostrukture su beinitne (gornji
beinit). Mikrostruktura uzorka 2. je grubozrnija i u
njoj je uo€eno prisustvo Widmannsttatenovog ferita.
Slike 14. i 15. prikazuju mikrostrukture u korenom
delu ZUT. Kod oba uzorka mikrostrukture su
beinitne (zrnasti beinit).

4. ANALIZA REZULTATA

Svi zavari su zavareni pri prakticno istoj polaznoj
temperaturi, tabela 6. Vrednosti iz tabele 7.
pokazuju da temperature ivica Zleba duz spoja
rastu. Temeperature ivica Zleba, pri zavarivanju
pojedinih zavara kod uzorka 1., su ujednadene i
kreCu se oko 110°C. Kod uzorka 2. temperature
ivica Zleba su znatno viSe i neujednacenije. Tabele
pokazuju da je na prvih 80 mm spoja temperatura

Figure 15. Sample 2., HAZ of root run, grain bainite

Slika 15. Uzorak 2., ZUT korenog zavara, zrnasti beinit

Figs. 10 through 13 depict the microstructures of
the coarse-grained portions of the final runs HAZ,
i.e. the face runs of the joint. In both samples,
microstructures are bainite (upper bainite). The
microstructure of the sample 2 is cruder and shows
the presence of the Widmannstaten ferrite. Figures
14 and 15 show the microstructures at the root of
the HAZ. In both samples, the microstructure is
bainite (grain bainite).

4. ANALYSIS OF RESULTS

All welds are welded at practically the same starting
temperature, table 6. The values in table 7. show
that the temperatures of the groove edges along
the joint increase. The groove edges temperatures,
when welding the individual runs in the sample 1,
are uniform and range around 110°C. For the
sample 2, the temperature groove edges are
considerably higher and more uneven. Tables show
that on the first 80 mm of the joint, the groove edge
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ivice Zleba rasla prosec¢no za 50 do 60°C. Na daljih
340 mm spoja temperatura ivice Zleba, pri
zavarivanju pojedinih zavara, je rasla od 2 do 2,5
puta. U odnosu na pocetke pojedinih zavara
temperature ivice Zleba uzorka 2. su vece od 3,8 do
4.5 puta.

Vrednosti iz tabele 7. pokazuju da su vremena
hladenja tg;s u uzorku 1. uglavhom manja u odnosu
na donju usvojenu vrednost za vreme tg;s za Celik P
460 NL1. Samo u zavr$nim zavarima vremena tgs
su bliska donjoj usvojenoj vrednosti. U uzorku 2.
vremena hladenja tgs su u prvim prolazima manja
od donje usvojene vrednosti, a u zavrdnim
zavarima su veca od gornje usvojene vrednosti za
ovaj Celik. Da bi se vreme tg5 odrzalo u usvojenim
granicama potrebne su korekcije temperature
predgrevanja i koliina unete toplote za koreni
zavar i prvi zavar popune i ograni¢enje maksimalne
temperature ivice Zleba.

Slike 6. i 7. pokazuju da su S$irine MS i ZUT u
uzorku 2. veée nego u uzorku 1. Ovo je posledica
viSih temperatura ivica Zleba i sporijeg hladenja u
ovom delu spoja. Pri konstantnoj koli¢ini unete
toplote usporavanje hladenja ima za posledicu
povecanje dubine topljenja OM i time i povecanje
dimenzia MS i ZUT. Ovo ima za posledicu i
povecanje stepena meSanja OM i DM zbog ¢ega se
pove¢ava udeo OM u sastavu MS [3]. Poveéanje
sirine MS i ZUT je najveée u korenom delu spoja. |
pored najmanjeg wunosa toplote i najniZih
temperatura ivica Zleba dubina uvarivanja, u ovom
delu spoja, je najveéa zbog najmanje mase OM
koja se zagreva toplotom Iluka pri zavarivanju
korenog i prvog zavara popune, $to je uslovljeno V
oblikom Zleba. Poveéanja $irina MS i ZUT su nesto
manja u zoni lica spoja, a najmanja su u sredini
spoja. Veée $irine MS i ZUT u zoni lica spoja, u
odnosu na sredinu spoja, su posledica vecih unosa
toplote i veéih jacina struje pri zavarivanju
poslednjih zavara.

Zone sa grubozrnom strukturom u ZUT su uocene
na oba uzorka. U uzorku 1. ove zone se javljaju u
ZUT zavrSnih zavara, a u uzorku 2. i u ZUT
zavrSnih zavara i u ZUT korenih zavara. Grubozrne
zone u uzorku 1. su uze, zahvataju manju povrsinu
i prostiru se na manjoj dubini nego grubozrne zone
u zavr$nim zavarima uzorka 2. Pojava grubozrnih
zona u ZUT korenog zavara uzorka 2., i vece
dimenzije i krupnije zrno u grubozrnim zonama uz
lice spoja ovog uzorka su posledica njegovog
sporijeg hladenja, odnosno viSih temperatura ivica
Zleba.

Imajuc¢i u vidu heterogenost struktura ZUT [11],
verovatno¢a otkrivanja delova ZUT malih
zapremina sa drugacijom strukturom u odnosu na
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temperature increased by an average of 50 to 60 °
C. On a further 340 mm of joint, the groove edge
temperature, when welding individual runs,
increased from 2 to 2.5 times. In relation to the
beginnings of individual runs, the groove edge
temperature of the sample 2 is greater than 3.8 to
4.5 times. The values in Table 7 show that cooling
times t g5 in sample 1, are generally lower in
relation to the lower value of adopted cooling time t
g5 for steel P 460 NL1. Only in the end runs,
cooling times t g5 are close to the lower accepted
value. In the sample 2, cooling times tgs in the first
passes is lower than the adopted lower value, and
in the final runs, they are higher than the upper
values adopted for this steel. In order to keep the
cooling time t g5  within the adopted limits,
corrections of the preheating temperature and the
heat input for the root run and the first filling run
and limiting the maximum groove edge temperature
is required. Figures 6 and 7 show that the widths of
WM and HAZ in sample 2 are higher than in
sample 1. This is due to higher groove edges
temperatures and slower cooling in this part of the
joint. With a constant heat input, the slowing down
of cooling, results in an increase in the fusion depth
of the BM and consequently an increase in the
dimensions of the WM and HAZ. This also results
in an increase in the degree of mixing of BM and
FM, which increases the proportion of BM in the
composition of the WM [3]. Increasing the width of
the WM and HAZ is the largest in the root part of
the joint. Despite the smallest heat input and the
lowest groove edges temperatures, the depth of
penetration in this part of the joint, is the greatest,
because of the lowest mass of the BM which is
heated by the arc during the welding of the root and
the first filling run, which is conditioned in the shape
of the groove. Increases in the width of the WM and
HAZ are somewhat smaller in the face zone, and
the smallest in the middle of the joint. The larger
width of the WM and the HAZ in the face zone, in
relation to the center of the joint, are due to higher
heat inputs and higher current intensities in the
welding of the last runs. Coarse-grained HAZ zones
were observed on both samples. In sample 1, these
zones appear in HAZ of final runs, and in sample 2,
in HAZ of final runs and in HAZ root runs. The
coarse-grained zones in the sample 1. are narrow,
engage in a smaller surface and extend at a lower
depth than the coarse-grained zone in the final runs
of the sample 2. The appearance of coarse-grained
zones in the HAZ root runs of sample 2, and larger
dimensions and bigger grains in coarse-grain zones
along the face of the joint of this sample, are due to
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okolinu se poveCava sa smanjenjem dimenzija
otiska tj. sa smanjenjem opterecenja. Zbog toga su
u ovom slu€aju tvrdoce merene metodom Vikers
malom silom utiskivanja. Ovo omogucéava i
povecéanje uCestalosti merenja $to dalje poveéava
verovatno¢u otkrivanja malih delova ZUT sa
drugacijom strukturom. U oba uzorka tvrdoce su
merene po linijama stapanja i u njihovoj blizini.
Najvece tvrdoce (362 HV5) su izmerene u ZUT
zavrSnih zavara, u njihovim grubozrnim zonama.
Idu¢i ka korenu spoja, na oba uzorka, tvrdoce
opadaju do istog nivoa (260 — 280 HV5).

Maksimalne izmerene tvrdoée, na oba uzorka, su
nesto vece od maksimalne prihvatljive tvrdo¢e (350
HV) za nikougljeni€ne i mikrolegirane cCelike. Pri
tvrdo¢ama veéim od 350 HV, kod ovih &elika, se
povecéava sklonost ZUT ka pojavi hladnih prslina [2,
3]. 1z rezultata ispitivanja se vidi da promena
temperature ivice Zleba nije izazvala promenu u
veli¢ini maksimalne tvrdoée u ZUT, ali jeste
izazvala promenu u raspodeli tvrdo¢a. Rezultati
merenja pokazuju da su tvrdoée MS uzorka 2.
nesto vece od tvrdoéa MS uzorka 1. i u zonilicaiu
zoni korena spoja. Prethodna razmatranja pokazuju
da se u uzorku 2. moze ocekivati ve¢i udeo OM u
MS nego u uzorku 1. S obzirom da OM ima visi
sadrzaj C, tabela 1. u odnosu na DM, tabela 4.
moze se ocekivati da se u MS uzorka 2. poveca
sadrzaj C $to je kod niskougljeniénog MS praéeno
povecéanjem tvrdoce.

Najve¢a paznja pri ispitivanju mikrostruktura je
posvecena delovima ZUT uz linije stapanja. U oba
uzorka, u ovim delovima ZUT struktura je
grubozrna i &ini je beinit. Najgrublje mikrostrukture
se javljaju u blizini lica spoja, u ZUT zavrsnih
zavara. Iduci ka korenu spoja oblik beinita se menja
iz igliCastog u zrnasti, Sto je posledica viSestepenog
otpustanja [12]. U oba uzorka mikrostruktura se,
iduci od lica ka korenu spoja, menja na isti nacin. U
grubozrnom delu ZUT uz lice spoja uzorka 2.
struktura grublja, Sto je posledica sporijeg hladenja.
Mikrostrukturna ispitivanja pokazuju da bitnih
razlika u mikrostrukturama oba uzorka nema. Ovo
potvrduju i rezultati merenja tvrdoca.
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its slower cooling, or higher groove edges
temperatures. Bearing in mind the heterogeneity of
the HAZ structure [11], the probability of detecting
parts of HAZ of small volumes with a different
structure in relation to the environment increases
with decreasing the size of the indentation, with
reduced load. Therefore, in this case, the hardness
was measured by the Vickers method with a small
force of imprinting. This also allows increasing the
frequency of measurement, which further increases
the probability of detecting small parts of the HAZ
with a different structure. Both hardness patterns
were measured along the merging lines and in their
vicinity. The highest hardness (362 HV5) was
measured in the HAZ end runs, in their coarse
zones. Further to the root of the joint, on both
samples, the hardness decreases to the same level
(260 - 280 HV5). The maximum measured
hardness, on both samples, is slightly higher than
the maximum acceptable hardness (350 HV) for
low-carbon and micro-alloyed steels. For hardness
greater than 350 HV, in these steels, the inclination
of HAZ to appearance of cold cracks increases [2,
3]. From the results of the test, it can be seen that
the change in the groove edge temperature did not
cause a change in the value of the maximum
hardness of HAZ, but it caused a change in the
distribution of the hardness. The results of the
measurement show that the hardness of the WM of
the sample 2 is slightly higher than the hardness of
the WM of the sample 1. both in the face zone and
in the root zone of the joint. Preliminary
considerations show that in sample 2. a higher
proportion of BM in the WM can be expected than
in sample 1. Since BM has higher content C, table
1 in relation to FM, table 4, can be expected to
increases the content of C be in sample 2, which is
accompanied by a hardness increasing in the low-
carbon WM. The greatest attention in the
microstructure testing is dedicated to the HAZ parts
along the fusion line. In both samples, in these
parts of the HAZ, the structure is rough and makes
it bainite. The roughest microstructures occur near
the face of the joint, in the HAZ end runs. Next to
the root of the joint, the shape of the bainite
changes from the needle to the grains, which is the
consequence of the multistage annealing[12]? In
both samples, the microstructure changes, in the
same way, from the face to the root of the joint. In
the coarse part of the HAZ, on the joint face of the
sample, structure is rougher, which is a
consequence of slower cooling. Microstructural
testing shows that there are no significant
differences in the microstructures of both samples. This
is confirmed by the results of hardness measuremen
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5. Zakljuéci

Temperatura ivica Zleba raste tokom zavarivanja
zbog zagrevanja osnovnog materijala toplotom
luka. Porast temperature ivice zleba usporava
hladenje zone uticaja toplote i produzava vreme
hladenja tgs. Pri izradi tehnologija zavarivanja,
naroCito za Celike visokih ¢&vrstoCa, potrebno je
definisati minimalno i maksimalno vreme hladenja
tgs tj. potrebno je definisati dijapazon vrednosti u
kojima se vreme hladenja tgs moze kretati.
Ispitivanje makrostruktura pokazuje da se Sirine
metala Sava i zone uticaja toplote, duz spoja
povecCavaju. PovecCanje dimenzija metala Sava i
zone uticaja toplote su posledica usporavanja
hladenja zbog povecéanja temperatura ivica Zleba
duZ spoja. Usporavanje hladenja ima za posledicu i
poveéanje dimenzija grubozrnog dela zone uticaja
toplote.

Rezultati merenja tvrdo¢a pokazuju da promena
temperatura ivica Zleba, duz spoja, nije uticala na
promenu maksimalne vrednosti tvrdoCe u zoni
uticaja toplote. Najvece tvrdoCe su izmerene u
grubozrnim zonama zavr$nih zavara i one su bliske
maksimalnim prihvatljivim vrednostima za
niskougljeni¢ne i mikrolegirane Celike.

Ispitivanjem mikrostruktura, u zoni uticaja toplote,
nisu otkrivene razlike u strukturama izazvane
promenom vremena hladenja tgs duz spoja. Pri
svim vremenima hladenja u grubozrnom delu zone
uticaja toplote se javlja beinit. Promena vremena
hladenja je uticala samo na krupnocu strukture,
tako da je pri manjim brzinama hladenja dobijen
grubozrniji beinit.

Ovaj rad je proistekao iz rezultata istraZivanja na
projektu broj TR 35024, finansiranog od strane
Ministarstva prosvete, nauke i tehnoloSkog razvoja
Republike Srbije.
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5. Conclusions

The groove edges temperature increases during
welding due to heating of the base material by the
heat of the electrical arc. The increase in the
groove edge temperature slows down the cooling of
the heat affected zone and prolongs the cooling
time t g5. In the production of welding technologies,
especially for high-strength steel, it is necessary to
define the minimum and maximum cooling time t g5,
i.e., it is necessary to define a range of values in
which cooling time t g5 can be. The examination of
the macrostructure shows that the widths of the
weld metal and the heat-affected zone, along the
joint, increase. Increasing the dimensions of the
weld metal and the heat-affected zone is a
consequence of the cooling slowdown due to the
increase in the groove edges temperature along the
joint. The cooling slowdown also results in an
increase in the dimensions of the coarse part of the
heat-affected zone. The results of the hardness
measurement show that the change in the groove
edges temperature, along the joint, did not affect
the change in the maximum hardness value in the
heat affected zone. The highest hardness are
measured in coarse zones of end runs and they are
close to the maximum acceptable values for low-
carbon and micro-alloyed steels. By examining the
microstructure, in the heat-affected zone, no
differences were found in the structures caused by
chancing of the cooling time t g5 along the joint. At
all cooling times in the coarse part of the heat-
affected zone, there is a bainite. The change in the
cooling time only affected the bulk of the structure,
so at lower cooling rates a rougher bainite was
obtained.
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DR-ING VENCISLAV GRABULOV DOBITNIK NAGRADE ZA REGIONALNE
AKTIVNOSTI lIW

Dr-Ing Vencislavu Grabulovu nagradu uruéuje Predsednik [IW Douglas Luciani

Nagrada koju sponzoriSe [IW, originalno glasi IW REGIONAL ACTIVITIES AWARD, dodeljuje se
istaknutom pojedincu koji je znacCajno doprineo poboljSanju globalnog kvaliteta Zivota kroz optimalno
koris¢enje i inoviranje tehnologija zavarivanja i spajanja u svom regionu i na medunarodnom nivou.
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,Dr-Ing Vencislav Grabulov je bio pokretatka snaga za promociju tehnologije zavarivanja i, kroz to,
poboljSanje kvaliteta zivota u Srbiji i regionu jugoistone Evrope. Njegovim radom ostvareno je
povezivanje i mnogo jaca saradnja u region jugoistotne Evrope medu zavarivackim drustvima zemalja
bivée Jugoslavije.

Bio je predsednik srpskog druStva za zavarivanje (1998-2010), izvrSni rukovodilac srpskog tela za
ovladéivanje (ANB) od njegovog osnivanja i predstavljao je Srbiju u razliitim kapacitetima aktivnosti [IW
od 1981 godine (Komisije IX, X, XIV, &lan IAB, IAB radne grupe IAB A i B, WG-RA).

Grabulov, koji predaje zavarivanje na Univerzitetu u Beogradu, autor je viSe od 200 konfencijskih radova i
publikacija u €asopisima. Od 2003. godine zajedno sa kolegama iz zemalja regiona, je neposredno
ucestvovao u organizaciji sva tri uspesna IIW internacionalna kongresa i mnostvu regionalnih radionica i
konferencija, kao i uspostavljanju i rastu veoma uspesSne mreze jugoisto¢ne Evrope za tranfer tehnologije
zavarivanja (SEENET).”

Napred navedeni tekst je prenet iz publikacije 2018 IIW AWARDS a u okviru 71. GodiSnje skupstine
odrzane na Baliju, Indonezija.

Zajednicka fotografija svih dobitnika IIW nagrada Prof Dorin Dehelean predsednik Rumunskog
drustva za zavarivanje, Chris Smallbone bivsi

predsednik [IW, Dr Cecile Mayer izvr3ni
direktor 1IW, Dr-Ing Vencislav Grabulov i Douglas
Luciani predsednik IIW-a

Napominjemo da je ovo prvi put da je neko sa prostora bivie Jugoslavije i sada Srbije, dobio nagradu
Medunarodnog Instituta za zavarivanje-IIW za proteklih 70 godina postojanja lIW.

Jos jedan kuriozitet vezan je za ovo dogadanje; nominaciju za dodelu ove nagrade podnelo je 6 drustava,
Sto predstavlja i najveci broj nominacija.

Koristimo priliku da predsedniku Izdavackog saveta naseg Casopisa, Dr Grabulovu ¢estitamo i pozelimo
jo$ takvih i vecih priznanja.

Verujemo da ovo predstavlja ponos za sadaSnje ¢lanove nasSeg Drustva i motivaciju za pridruzivanje
novih.

Sa sreéom.
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71. GODISNJA SKUPSTINA MEDUNARODNOG INSTITUTA ZA ZAVARIVANJE
| MEDUNARODNA KONFERENCIJA

Bali, Indonezija, 15 -20. jul 2018.

OvogodiSnja, 71. po redu GodiSnja skupstina medunarodnog instituta za zavarivanje i medunarodna
konferencija je organizovana od strane Indonezijskog drustva za zavarivanje (Indonesia Welding Society).
Tema medunarodne konferencije je bila “Napredne tehnologije zavarivanja i pametne tehnologije izrade
za efikasan proizvodni proces” (Advanced Welding and Smart Fabrication Tachnologies for Efficient
Manifacturing Processes).

Kao prateca menifestacija se, pored izloZbe opreme i proizvoda vezanih za zavarivanje, ove godine
odrzao i susret mladih profesionalaca koji se bave zavarivanjem kroz posebne sekcije konferencije,
okruglog stola i druzenja.

Mesto odrzavanja ovih manifestacija je bilo ostrvo Bali u periodu 15.-20. jul.

U radu GodiSnje skupstine Medunarodnog instituta za zavarivanje ucCestvovalo je 657 ulesnika iz 45
zemalja (od 56 zemalja ¢lanica Medunarodnog instituta za zavarivanje) u svojstvu delegata, eksperata ili
posmatata u tehniCkim Komisijama, ¢lanova radnih grupa - podkomisija, studijskih grupa, tehnickih
komiteta i drugih tela.

Najbrojnije delegacije, pored domacina (100 ¢lanova) kao i uvek su bile Kina (77) Nemacka (72), Japan
(67) i USA (37).

nnnnnn

Zajednicka fotografija ¢lanova Skupstine 1IW

Domacin je bila, Indonezija, zemlja sa preko 18.000 ostrava, preko 200 miliona stanovnika rasporedenih u
preko 200 etnickih grupa.
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Gostoprimljivost, ljubaznost i zalaganje domacina da pomognu ucesnicima Skupstine samo je bila dopuna
pozitivhog utiska o organizatoru, jer je organizacija bila na visokom nivou, reklo bi se, vrhunska i pored
toga &to je Indonezija, kao domadin relativno kasno dobila zadatak da organizuje ovakav skup, s obzirom
da je bilo planirano da se odrzi u Tursko;j.

Mesto odrzavanja je bio impozantni Kongresni centar u mestu Musa Dua na Baliju.

Pored organizatora iz zavarivaCke asocijacije, treba istaci i zalaganje volontera ali i doprinos sponzora -
izlaga€a opreme za zavrivanje (Cavitar, Lincoln Electric, Esab, Kiswel, ADT Systems, Seabary Welding
Study Center, Kaampuh Welding Indonesia, Springer, Hinabi..)

AKTIVNOSTI IIW RADNIH JEDINICA

- Generalna skupstina

Generalna skupstina IIW je odrzana 15. jula 2018.g. uz prisustvo delegata ili delegacija iz 47 zemalja
Clanica [IW. Na Skupstinskoj sednici su usvojeni izvestaji o radu svih tela [IW, donete rezolucije o daljim
aktivnostima, usvojen finansijski izvstaj i plan budzeta za slede¢u godinu.

Usvojen je kalendar i potvrdeno da ¢e organizatori narednih skupstina biti Slovacka— 2019. (Bratislava) i
Singapur 2020 godine.

Potvrdena je odluka da se 4. |IW regionalni Kongres zavarivanja zemalja jugoistoCne Evrope odrzi
oktobra 2018. godine u Beogradu — Srbija. Potvrdene su odluke za dodelu priznanja Medunarodnig
instituta za zavarivanje za 2018. godinu. Ove godine priznanje Medunarodnog instituta za zavarivanje u
oblasti Regionalne saradnje je dobio na$ predstavnik, Dr. Vencislav Grabulov.

- Radne jedinice lIW

Radne jedinice [IW ¢&ine 16 tehni¢kih Komisija, 2 studijske grupe (Fizika zavarivanja i Strategija
istraZivanja u zavarivanju i saradnja), 3 radne grupe Borda direktora (Komuniukacija i marketing,
Regionalna aktivnost i Standardizacija), Tehni¢ki komitet i Medunarodno telo za ovlaséivanje (IAB) sa dve
radne grupe i to: Grupa A — Obrazovanje, obuka i kvalifikacija i Grupa B — Implementacija i ovlas¢ivanje.

Sastanci tehnickih komisija su odrzani tokom tri dana, od 16. do 18. jula. Na njima su razmatrani strucni
materijali — dokumeti lIW. Izabrani dokumeti IIW su predlozeni da se objave u ¢asopisu "Welding in the
world”. Odrzani su i sastanci svih ostalih radnih jedinica i doneti odgovarajuci zakljucci.

IIW MEDUNARODNA KONFERENCIJA

[IW medunarodna konferencija pod naslovom “Napredne tehnologije zavarivanja i pametne tehnologije
izrade za efikasan proizvodni proces” (Advanced Welding and Smart Fabrication Technologies for
Efficient Manufacturing Processes). Na 16 usmenih sesija prezentovano je 66 radova dok je putem
postera predstavljeno jo$ 47 radova. Pored toga odrZzano je i 5 plenarnih predavanja i 7 panel diskusija.

IZLOZBA ZAVARIVANJA

Sponzori 71. SkupS$tine IIW su iskoristili moguénost da predstave svoje proizvode na izlozbi koja je
organizovana u Kongresnom Centru za vreme trajanja Skupstine. Zaklju¢ak je da je prostor za izlozbu bio
skromniji nego minulih godina, ne zbog toga $to nije bilo mesta u inaCe ogromnom Kongresnom centru.

AKTIVNOSTI DELEGACIJE SRBIJE

U pripremnim aktivnostima u vezi GodiSnje skupstine uCestvovali su nasi predstavnici ¢lana IIW, Zavoda
za zavarivanje, a u aktivnostima u vezi Medunarodnog tela za ovlaséivanje — IAB, Grupe A i Grupe B,
predstavnici ANB za Srbiju, DruStvo za unapredivanje zavarivanja u Srbiji, odnosno DUZS CertPers i
predstavnici ANBCC Zavoda za zavarivanje.
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Na 71. sednici Skupstine medunarodnog instituta za zavarivanje je, ispred nase zemlje bio prisutan dr
Vencislav Grabulov, izvr$ni rukovodilac DUZS CertPers-a.

_‘_‘_-_-_-_—‘_‘—‘—._

dr Vencislav Grabulov, izvrsni rukovodilac DUZS CertPers tokom sednice IAB grupe

Pored uc€eS¢a u radu na samoj sednici Skupstine koja je odrzana 15.07., najznacajnija aktivnost je bila
uceS¢e u radu IAB Grupe A (odrzana 16.07), IAB Grupe B (17.07.) i predstavnika ¢lanica IAB grupe
(17.07).

Na ovim sednicama su razmatrane izmene i dopune dokumenata za realizaciju kurseva za obrazovanje
kadrova u zavarivanju kao i njihova primena.

Na sednici grupe B je doneta, tacnije potvrdena odluka predsednika IAB grupe i grupe B, doneta na
predlog glavnog ocenjivata za DUZS gospodina Christian-a Ahrens-a da se DUZS CertPers-u dodeli
preliminarno odobrenje za izdavanje Sertifikata za osoblje u zavarivanju, Koordinatore i inspektore
zavarivanja.

Potvrdeno je da ¢e poseta tima ocenjivaCa radi reocenjivanja ANB-a i ANBCC-a za Srbiju, biti obavljena
tokom 2019.godine.

Na sastanku predstavnika &lanica IAB grupe, izmedu ostalog, doneta je odluka da je novi predsednik IAB
grupe g-din Christian Ahrens (Nemacka) umesto Henk Both-a kome je istekao mandat.

Sastanak radne grupe za regionalnu saradnju odrzan je 16. jula. Na ovom sastanku je podnet izvestaj o
tome kako napreduje organizacija 4. IIW Kongresa zemalja jugoistoCne Evrope. Izvestaj je jednoglasno
usvojen i potvrdeno da ovaj kongres organizuje DUZS u saradnji sa Rumunskim i Bugarskim drustvom za
zavarivanje.

MozZe se zakljuciti da je uceS¢e na Skupstinama IIW korisno i opravdano, ali kao Sto je i ranije bilo
zakljuceno, neophodno je da se vise aktivista-struénjaka uklju¢i u rad Medunarodnog instituta, odnosno
tehnic¢kih komisija ili radnih grupa. Potrebno je aktivnije u¢esée veceg broja subjekata u pripremnom radu
na izradi dokumenta, u¢esce u radu radnih grupa cija je aktivnost veoma bitha za zavarivacku javnost
Srbije.

Zakljucili smo i ranije da uspesSnost zavisi i od brojnosti nase delegacije koja prisustvuje radu struénih tela.

Sledeée godine, Skupstina se odrzava u Bratislavi — Slovacka $to je dobra Sansa da delegacija iz Srbije
bude brojnija.
Dr Vencislav Grabulov dipl.ing.IWE
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Rezime

Smanjenje otvora Zljeba mozZe znagajno doprineti
efikasnosti zavarivanja i produktivnosti teskih

metalnih  konstrukcija UobiCajena je upotreba
uglova Zljeba od 45 ° i 60 °. Smanjenje ugla otvora
Zlieba smanjuje potreban broj zavara, Cime se
smanjuje trajanje zavarivanja, potrosnja materijala
za ispunu i zaostali naponi i deformacije. Medutim,
smanjivanje ugla Zljba dovodi do odredenih
potesSkoca. Tesko je kontrolisati luk u uskom Zljebu,
Sto moze dovesti do problema sa kvalitetom spoja.
U ovom radu je prikazano zavarivanje suceonih
spojeva od Celika debljine 22 mm sa uglom Zljeba
od 20 °. Zavarivanije je izvrSeno koris¢enjem MAG
postupkom zavarivanja, uz softversku kontrolu luka.

1. Uvod

Zavarivanje u uskom Zljebom moZze se primeniti na
gotovo sve konvencionalne elektroluéne postupke
zavarivanja. Ova tehnika zavarivanja ima za cilj
smanjenje zapremine Sava i vremena potrebnog za
zavarivanje. U slu€aju konvencionalnih V Zljebova,
vreme zavarivanja i zapremina $ava povecavaju se
sa povecanjem debljine metalnog materijala. Ako
su uglovi Zljeba smanjeni, zapremine i vremena
zavarivanja se smanjuju, posebno u slucaju uskog
Zljeba sa paralelnim stranama. Pored ekonomskih
koristi, uski Zljeb ima i druge prednosti, kao $to su
smanjenje ugaonih deformacija i zaostalih napona
kao i postizanje ravnomernijin karakteristika
zavarenih spojeva. Zavareni spojevi sa uskim
Zliebom c¢esto imaju bolje mehani¢ke osobine u
poredenju sa V zavarenim spojevima, zbog manjeg
ukupnog unosa toplote.

Zavarivanje u uskom Zljeba je, do sada, uglavhom
koriS¢eno kod zavarivanju punjenom Zzicom. U
poslednje vreme se uobiCajeno Kkoristi kod
zavarivanja punim elektrodnim Zicama u gasa i kod
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Abstract

Reduction in groove opening can significantly
contribute to welding efficiency and productivity of
heavy metal structures. It is common practice to
use welded joint groove angles of 45° and 60°.
Reduction of the groove opening angle decreases
the necessary number of welding passes, thus
decreasing the welding duration, filler material
consumption and residual stresses and strain.
However, groove angle reduction leads to certain
difficulties. It is hard to control the arc in a narrow
groove, which could lead to welded joint quality
issues. In this paper, welding of butt joints made of
22 mm thick steel with the groove angle of 20° is
shown. Welding was performed using the MAG
procedure, with software controlled ar

1.Introduction

Welding in a narrow groove can be applied to
nearly all conventional arc welding procedures.
This welding technique aims to reduce the weld
volume and the time needed for welding. In the
case of conventional V grooves, welding time and
weld volume increase with the increase in parent
material thickness. If the groove opening angles is
reduced, volume and welding time decrease,
especially in the case of a narrow groove with
parallel sides. In addition to economic benefits, the
narrow groove has other advantages, such as the
reduction of angular deformation and residual
stresses and more uniform welded joint properties.
Narrow groove welded joints often have better
mechanical properties compared to V welded joints,
due to lower total heat input.

Narrow groove welding was, up until now, mostly
used in flux core arc welding. Recently, narrow
groove  welding is more commonly used in
procedures with gas shielded consumable
electrode wires and welding procedures using self-
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zavarivanja samo-zastitnim Zicama je posebno
pogodno za zavarivanje velikih  metalnih
konstrukcija, kao S$to su brodovi, posude pod
pritiskom, teSke metalne konstrukcije, mostovi i
sliéno, koji koriste osnovne materijale (PM) sa
vec¢om debljinom i za koje je promena pozicija vrlo
teSka ili nemoguca, pa je od velike vaznosti
zavarivanje u razliCitim polozajima.

Postoje razli€iti nacini pripreme uskih Zljebova u
zavisnosti od postupka zavarivanja i primene
konstrukcije. Primer bi bio Zljeb s paralelnim
stranama i podkorenom trakom. Sirina Zljeba varira
u zavisnosti od funkcije opreme i postupka
zavarivanja. U mnogim slu€ajevima, koji ukljuuju
specificnu opremu za zavarivanje, moguce je
kombinovati standardne generatore elektricne
energije i sisteme dodavanja Zice.

2.Specifiéni aspekti zavarivanja u uskom zljebu
U cilju zavarivanja tankih ¢elika, | Zljebovi se koriste
u konvencionalnim procedurama. Za srednje
debljine Celika, koriste se V ili polu V Zljebovi, a za
zavarivanje debelih zidova koriste se Zljebovi u
obliku slova U i J. Prikazani u tabeli 1 su oblici i
priblizne dimenzije za gore pomenute vrste
Zljebova, koje treba da budu zavarene postupkom
MAG [1]. Tabela 1 i sledeci tekst odnose se na
Zljebove koji se koriste za jednostrane zavarene
spojeve. Medutim, dodatna razmatranja mogu se u
velikoj mjeri primeniti na Zljebove koji se koriste za
dvostrane zavarene spojeve.

4
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protecting full wire. Narrow groove welding is
especially suitable for welding of large metal
structures, such as ships, pressure vessels, heavy
metal structures, bridges, etc, which use parent
materials (PM) with increased thickness and for
which changing of positions is very hard or
impossible, thus the possibility of welding in
different positions is of great importance.

There are different ways of preparing narrow
grooves depending on the welding procedure and
the structure’s application. The simples example
would be a groove with parallel sides and a sub-
root strip. Groove width varies based on the
equipment function and welding procedure. In
many cases, involving specific welding equipment,
it is possible to combine standard electricity
generators and wire adding systems.

2.Specific aspects of narrow groove welding

For the purpose of welding thinner steels, | grooves
are used in conventional procedures. For medium
thickness steels, V or half V grooves are used, and
for welding of thick-walled steels, U and J shaped
grooves are used. Shown in table 1 are the shapes
and approximate dimensions for the
aforementioned types of grooves, which are meant
to be welded by the MAG procedure [1]. Table 1
and the following text refer to grooves used for one-
sided welded joints. However, further
considerations can be largely applied to grooves
used for two-sided welded joints as well.

Groove Thickness, Groove opening Root gap, Root blunting,
Zljeb Debljina angle, Zazor u Visina korena
s mm Ugao otvora korenu cmm
Zljeba b mm
a,B°
1 3-8 - 1-4 -
2 3-10 40 - 60 0-4 0-2
3 12 8-12 0-4 2-3
4 16 5-20 65- 15 0

Table 1. Shapes and dimensions of grooves used for one-sided welded joints

Tabela 1. Oblici i dimenzije Zljebova za jednostrano zavarivanje
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Sa povecéanjem debljine, postaje teze pristupiti
korenskom delu | Zljeba. Da bi ovaj pristup bio
olakSan, moze se proSirit. Ovo se postize
poveéavanjem ugla otvora Zljeba ili praznine u
korenu zavara ili oboje. Korenski razmak (zazor), u
slu€aju MAG zavarivanja, obi¢no se kre¢e do 4
mm, kako je prikazano u tabeli 1. Njegovo dalje
poveéanje ometa kontrolu rastopa tokom korenog
prolaza, to rezultuje slabim izgledom 3ava, pojave
nedostatka uvarivanja i prekomerne penetracije
korena. U odredenim slu€ajevima, ovi nedostaci

mogu biti izbegnuti koriS¢enjem keramickih ili
metalnih podkorenih traka.
Poveanje ugla Zljeba rezultuje povecanom

zapreminom metala Sava (WM), §to dovodi do
povecanja potrodnje dodatnog materijala (FM),
viSe vremena potrebnog za zavarivanje, povecanih
zaostalih napona i deformacija i verovatnoce
pojave defekata. Zapremina Zljeba se u manjoj meri
moze smanijiti visinom korena. Veli€ina visine
korena zavisi od dubine uvarivanja koja se mozZe
posti¢i  koriS¢enjem  definisanih  parametara
zavarivanja. Visina korena tipicno se krece od 0 do
2 mm u slu€aju zavarivanja MAG, tabela 1.
Zapremina Zljeba moze se znacajno smanijiti
primenom U ili J umesto V ili polu V spojeva. Za
ove tipove spojeva, ugao Zlijeba je maniji, Sirina
Zljeba je manja, a dostupnost korena je bolja nego
u slu€aju Vi polu V. Medutim, izrada U i J Savova
je sloZenija i skupa u poredenju sa V i polu V i
zahteva masinsku obradu ivica Zljebova. Ovakvi
Savovi primenjuju se na debljinu PM iznad 12 mm.
U praksi, ti Savovi se koriste za deblje osnovne
materijale

Iz gore navedenog moZe se videti da bi optimalni
oblik bio V-Zljeb sa smanjenim uglom i povec¢anim
zazorom. Ovakva geometrija Sava ne zahteva
masinsku obradu, omogucava povecanu
produktivnost  zavarivanja  usled  smanjene
zapremine spoja, smanjene potrosnje FM-a i
smanjenog vremena potrebnog za zavarivanje.
Osim toga, smanjuje zaostale napone i
deformacije, Cime se smanjuje verovatnoca
oSteCenja nastalih u zZljebu. Zbog povecanja
zazora, ovaj oblik Zljeba zahteva koris¢tenje pod-
korenih traka. Takvi uski Zljebovi su prikazani u
tabeli 1 i koriS¢eni u eksperimentalnom delu ovog
istrazivanja

TesSkoce prilikom zavarivanja u uskom Zljebu poticu
od komplikovanog pristupa korenom delu.
Zavarivanje zavrSnih slojeva i lica Sava ne
predstavljaju poteSko¢e. Ovi Savovi mogu biti
zavareni koriS¢enjem opreme i parametara
zavarivanja tipi¢nih za postupak MAG. Da bi
zavarili koreni prolaz i prvi zavar ispune, Cesto je

4
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With an increase in thickness, it becomes more
difficult to access the root part of the | groove. In
order to make this access easier, it can be
expanded. This is achieved by increasing the
groove opening angle, or the gap in the weld root,
or both. The root gap, in the case of MAG welding,
typically ranges up to 4 mm, as shown in table 1. Its
further increase hinders the control of the melt
during the root pass, which results in poor visual
appearance of the weld back, occurrence of lack of
penetration and excessive root penetration. These
defects can be, in certain cases, avoided by using
ceramic of metal sub-root strips.

Increase in groove angle results in increased WM
volume, which results in increased use of filler
material (FM), more time needed for welding,
increased residual stresses and strain and the
probability of defects occurring in the weld. Groove
volume can, to a lesser extent, be decreased by
root blunting. The blunting size depends on the
welding depth which can be achieved by using the
defined welding parameters. Blunting height
typically ranges from 0 to 2 mm in the case of MAG
welding, table 1. Groove volume can be
significantly reduced by applying U or J welds
instead of V or half V welds. For these weld types,
the groove angle is smaller, groove width is smaller
and root accessibility is better than in the case of V
and half V welds. However, making of U and J
welds is more complex and expensive compared to
V and half V welds, and requires the machining of
groove edges. Such welds are applicable to PM
thickness above 12 mm. In practice, these welds
are used for thicker parent materials.

From the above, it can be seen that the optimal
shape would be a V groove with reduced angle and
increased root gap. Such weld geometry does not
require the machining of edges, enables increased
welding productivity due to reduced welded joint
volume, reduced FM consumption and reduced
time needed for welding. In addition, it decreases
the residual stresses and strain, thus reducing the
probability of defects occurring in the groove. Due
to the increase in the root gap, this groove shape
requires the use of sub-root strips. Such types of
narrow grooves are shown in table 1, and used in
the experimental part of this research.

Difficulties during narrow groove welding stem from
complicated access to its root part. Welding of the
finishing layers and weld face do not present any
difficulties. These welds can be welded using
equipment and welding parameters typical for the
MAG procedure. In order to weld the root pass and
the first filling welds, it is often necessary to use
special guns and control systems, which makes the
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neophodno Koristiti specijalne pistolje i kontrolne
sisteme, $to Cini proceduru slozenijom i skupom [2].
Zbog ograniCene dostupnosti korenom delu
Zljebova, vodenje i kontrola duZine luka i praéenje
rastopa metala su donekle teski. Pored toga,
postoji moguénost nedostatka stapanja, narocito na
ivicama Zljeba [3,4]. Uski i duboki Zljebovi zahtevaju
poveéanu slobodnu duzinu Zice, $to smanjuje
jacinu struje zavarivanja i stabilnost luka.
Povecavanje duZine slobodnog kraja moze
povecéati koli¢inu rastopljenog FM, S§to otezava
kontrolu i moze smanijiti dubinu zavarivanja. Uski i
duboki Zljeb takode uslovljava smanjenje ugla u
odnosu na ivicu zljeba. Navedeni faktori smanjuju
dubinu zavarivanja, $to dovodi do nedostataka kao
Sto je nedostatak stapanja posebno na ivicama
Zljeba. VerovatnoCa nastanka ovih nedostataka
moze se smanijiti koris¢enjem punjene zice umesto
pune, Kkoriste¢i adekvatnu tehniku usmeravanja
luka, Sto podrazumeva usmeravanje luka ka ivici
Zlejpa i zadrzavanje tamo, kao i odabiranje
parametara  zavarivanja koji omogucavaju
fokusiranje luka [3]. Penetracija se mozZe
kontrolisati preko distribucije prolaza, primjenom
dva zavara umesto jednog, unutar jednog sloja.

Iz gore navedenog mozZe se videti da se uslovi pod
kojima se zavarivanje vrSi u uskom Zljebu moze
poboljSati obezbedivanjem fokusiranog luka i
spreCavanjem promene struje pomocu duZine
slobodnog kraja zice. Ovo se moZe postici
koris¢éenjem uredaja za zavarivanje sa softverskom
kontrolom luka. Za eksperiment prikazan u ovom
radu koris¢eni su softver ViceFusion i
VisePenetration, koji je napravio Kemppi Oi iz
Finske. Softver ViceFusion omogucava fokusiranje
luka, ¢ime se njegova koncentracija povecava, $to
rezultuje dubokim i pouzdanim penetracijama, $to
poveava brzinu zavarivanja i smanjuje unosenje
toplote i zaostale napone i deformacije. Sve ovo
olakSava zavarivanje u uskim i dubokim Zljebovima.
Ovaj softver takode obezbeduje malu koli€inu
teCnog metala Sto olakSava kontrolu, Sto je
pogodno za zavarivanje na neugodnim mestima [4].
Softver VicePenetration omogucéava jacini struje da
ostane konstantna sa promenama duZine
slobodnog kraja. Povec¢anje duZine slobodnog kraja
Zice obiCno smanjuje amperazu, S$to mozZe
rezultovati nedostatkom penetracije, nejednakim
dubinama zavarivanja i promenama u oblicima
prenosa dodatnog materijala. Ovaj softver je
pogodan za primenu u sluCajevima kada je
dostupnost lokacije za prepoznavanje i zavarivanje
ograniCena, a sam softver je ograniCen na
maksimalnu duzinu slobodnog karaja od 30 mm [5].
Kada istovremeno Koristite oba programa,
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procedure more complex and expensive [2]. Due to
limited accessibility of the root part of the groove,
guiding and controlling the length of the arc and
monitoring of molten metal are somewhat difficult.
In addition, there is a possibility of lack of fusion,
especially at the groove edges [3,4]. A narrow and
deep groove requires increased free end length of
the wire, which reduces the welding amperage and
arc stability.

Increasing the free end length can increase the
amount of molten FM, which makes controlling it
difficult and could reduce the welding depth. A
narrow and deep groove also conditions the
reduction of angle relative to the groove edge.
Aforementioned factors reduce the welding depth,
leading to defects such sa lack of fusion, especially
at the groove edges. The probability of these
defects occurring can be reduced by using filled
wire instead of full ones, by using the adequate arc
guiding technique, which involves directing the arc
towards the groove edge and keeping it there, as
well as by choosing the welding parameters which
enable arc focusing [3]. Penetration can be
controlled via pass distribution, by applying two
welds instead of one, within a single layer.

From the above it can be seen that conditions
under which welding is performed in a narrow
groove can be improved by providing a focused arc
and preventing the amperage from changing with
the free end length of the wire. This can be
achieved by using welding devices with have
software arc control. For the experiment shown in
this paper, software WiceFusion and
WisePenetration, made by Kemppi Oy, Finland,
were used. WiceFusion software enables arc
focusing, thus making its energy more
concentrated, resulting in deep and reliable
penetration, which increases the welding speed
and reduces heat input and residual stresses and
strain. All of this makes welding in narrow and deep
groove much easier. This software also provides a
small volume of liquid metal which makes it easy to
control, which is suitable for welding in inconvenient
positions [4]. WicePenetration software enables the
amperage to remain constant with changes in free
end length. Increase of the free end length of the
wire typically reduces the amperage, which can
result in lack of penetration, non-uniform welding
depths and changes in the forms of FM transfer.
This software is suitable for application in cases
where visibility and welding location availability are
limited, and the software itself is limited to a
maximum free end length of 30 mm [5]. When
using both programmes simultaneously,
WicePenetration provides constant amperage and
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VicePenetration obezbeduje konstantnu amperazu i
ViceFusion pruza i optimalno kratki i fokusirani luk.

3.Eksperiment i rezultati ispitivanja

Dva suCeona zavarena spoja su napravljena i
ispitana. Kao PM je koris¢en niskolegirani celik
debljine 22 mm. Spojevi su zavareni kao
jednostrani, koriste¢i MAG  postupak, sa
mesavinom gasova 82% Ar-18% CO,. Zavarivanje
je obavljeno koris¢enjem uredaja Kemppi FastMig
Pulse 350.

Prvi spoj zavaren je u V zljebu, sa uglom od 20 °,
zazorom u korenu od 6 mm i bez visine slika 1.
KoriS¢ena je keramitka podloSka Sirine Zlejba 10
mm. Dodatni materijal je puna elektrodna zica VAC
60, proizvodacda Elektroda Jesenice (G42 5M / C
G3Si1-EN ISO 14341-A) preénika 1,2 mm. Spoj je
zavaren sa duzinom slobodnog kraja ZzZice od 25
mm u polozZaju PA, slika 2. Parametri zavarivanja
za zavareni spoj 1 su dati u tabeli 2.

4
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WiceFusion provides and optimally short and
focused arc. Both programmes can be used with
standard welding guns.

3.The experiment and test results

Two butt joints were welded and tested. Low-
alloyed steel with a thickness of 22 mm was used
as the PM. Joints were welded as one-sided, using
the MAG procedure, with an 82% Ar — 18% CO,
mix used as the shielding gas. Welding was
performed using Kemppi FastMig Pulse 350 device.
The first joint was welded in a V groove, with the
opening angle of 20°, a root gap of 6 mm and
without blunting, figure 1. A ceramic washer with a
groove width of 10 mm was used. Filler material
was a full VAC 60 wire, manufactured by Elektrode
Jesenice (G42 5M/C G3Si1- EN ISO 14341-A), with
a 1.2 mm diameter. The joint was welded with free
end length of the wire of 25 mm in the PA position,
figure 2. Welding parameters for welded joint 1 are
given in table 2.

Figure 1. The narrow groove with a 20° opening angle
Slika 1. Uski zjeb sa otvorom ugla od 20

Figure 2. Increased free end length during narrow groove welding
Slika 2. Povecana duzina slobodnog kraja tokom zavarivanja u uskom Zlebu
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Zavarivanje drugog spoja izvrseno je sa V zljebom,
sa uglom od 20 °, zazorom od 4,5 do 5 mm i bez
visine korena. Ista keramitka podlodka koris¢ena je
kao u prvom slu¢aju. Dodatni j je TISVELD T 71C
(T42 4RC / M 2H10 - EN ISO 17632-A) precnika
1,2 mm. Zavareni spoj je napravljen na poziciji PF.
Parametri zavarivanja za spoj 2 su navedeni u
tabeli 3.

4
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Welding of the second joint was performed in a V
groove, with the opening angle of 20°, a root gap of
45 to 5 mm and without blunting. The same
ceramic washer was used as in the first case. Filled
TYSWELD T 71C (T42 4RC/M 2H10 — EN ISO
17632-A) was used as the filler material, with a
diameter of 1.2 mm. The welded joint was made in
the PF position. Welding parameters for joint 2 are
given in table 3.

Number Weld I(A) u(v) VW Q Remainig groove depth Software
Broj Sav (mm/sec) | (KJ/mm) (mm) used
Zaostala dubina Zljeba Koris¢eni
softver
1 Root// Koren 267 31.1 3.64 1.82 Not measured WP+WF
2 First fill// prvi 278 29.7 5.33 1.24 11 WP+WF
zavar ispune
3 Second fill// 279 29.7 473 1.40 6 WP+WF
Drugi zavar
4 Third fill /Tre¢i 277 29.3 4.25 1.53 2 WP+WF
zavar
5 Finishing//zavrsni 240 26.8 3.43 1.50 - WF
*WP — Weldpenetration- uvarivanje; WF — Weldfusion-stapanje
Table 2. Welding parameters for joint 1.
Tabela 2. Parametri zavaraivanja za spoj 1
Number Weld I(A) u) VW Q Remainig groove depth Software
(mm/sec) | (KJ/mm) (mm) used
1 Root 189 252 1.91 1.99 14 WP+WF
2 First fill 189 24.2 3.29 1.1 9 WP+WF
3 Second 198 25.5 3.31 1.22 6 WP+WF
fill
4 Third fill 188 23.0 2.22 1.56 3 WP+WF
5 Finishing 192 22.2 2.37 1.44 - WF

*WP — WicePenetration; WF — WiceFusion

Table 3. Welding parameters for joint 2.
Tabela 3. Pararmetri zavaraivanja za spoj 2

Na slici 3 prikazan je zavareni spoj 1, nakon $to su
zavrSeni koreni i prvi zavar ispune, dok slika 4
prikazuje isti zavareni spoj nakon $to je zavaren
tre¢i zavar ispune. Tokom zavarivanja oba spoja
izvrSena je vizuelna kontrola dimenzija. Svi
zavareni spojevi su imali uniformne Sirine i visine.
Stepen ispune, tj. debljina svakog pojedinacnog
zavara moze se odrediti iz tabela 2 i 3. Nisu
otkriveni nedostaci, kao $to su nejednako
uvarivanje ivica Zljeba ili nagrizanje.

Shown in figure 3 is the welded joint 1, after the
root and first fill passes were done, whereas figure
4 shows the same welded joint after the third fill
pass was welded. During the welding of both joints,
visual dimension control was performed. All welds
had uniform widths and heights. Degree of filling,
i.e. the thickness of each individual weld can be
determined from tables 2 and 3. No defects, such
as non-uniform penetration of groove edges or
etching, were detected.
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Figure 3. Joint 1 after the welding of root and first fill welds.

Slika 3. Spoj 1posle zavarivanja korenog i prvog zava

Nakon zavarivanja, izvrSena je vizuelna kontrola
dimenzija korena i lica $Sava, uz ispitivanje
ultrazvukom i makrostrukturno ispitivanje. Rezultati
kontrole dimenzija prikazani su u tabeli 4. Vizuelni
pregled otkrio je da i koren i lice zavarenih spojeva
imaju ravnu visinu i Sirinu. Zavareni spoj 1 ima blagi
prelazak na PM duz cele duzine. Sto se ti¢e korena
ovog zavarenog spoja, postoje povremeni oStri
prelazi u PM. U centru zavarenog spoja 2 je
primec¢ena nedovoljna ispuna. Koreni zavar spoja 2
takode ima blagi prelazak na PM duz cele duZine.

ra ispune

we

y - *
Figure 4. Joint 1 after the welding of the third fill weld.
Slika 4. Spoj 1posle zavarivanja tre¢eg zavara ispune

After welding, visual dimension control of the weld
root and face was performed, along with ultrasound
and macro-structural tests. Results of dimension
control are shown in table 4. Visual examination
revealed that both root and face of the welded
joints have uniform height and width. Welded joint 1
face has a slight transition to the PM along its
whole length. As for the root of this welded joint,
there are occasional sharp transitions to the PM.
An underfill was observed in the centre of weld joint
2 face. Root weld of joint 2 also has slight transition
to the PM along its whole length.

FacelLice Root/Koren Angular
Width /Sirina Height/ Visina Width /Sirina Height / Visina deformation
(mm) (mm) (mm) (mm) Ugaona
defrmacija (°)
Welded joint 1 16.5 1.2 13.5 25 3
[Zavareni spoj
1.
Welded joint 1 14.5 0.9 11.0 2.0 4
Zavareni spoj 2

Table 4. Face and root dimensions of welded joints 1 and 2.
Tabela 4. Dimenzije lica | korena zavarenih spojeva 1i 2
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Ultrazvu€no ispitivanje nije otkrilo nedostatak

stapanja izmedu prolaza ili nedostatak uvarivanja

po ivicama Zljebova. Slika 5 i 6 pokazuju makro-

spoja.
nikakve

strukture oba zavarena
makrostrukture nije  otkrilo
zavarenog spoja.

Ispitivanje
defekte

4

Figure 5. Welded joint 1 macro-structure.
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Ultrasound testing did not reveal any lack of fusion
between passes or lack of penetration in groove
edges. Figure 5 and 6 show the macro-structures of
both welded joints. Macro-structure testing did not
reveal any welded joint defects.

Slika 5. Makrostruktura spoja 1

Figure 6. Welded joint 2 macro-structure.
Slika 6. Makrostruktura spoja 2

4.Analiza rezultata

U tabeli 5 , prikazane su zavisnosti preseka Zljeba i
mase WM zavisno od uglova Zljeba, za debljinu
PM od 10 do 30 mm. Zljeb sa uglom od 60 ° i 45 °,
sa razmakom korena od 4 mm bez visine korena, i
ugao od 20 °, sa razmakom od 6 mm, takode bez
visine korena su razmatrani.

Podaci o masi WM su dati bez nadviSenja korena i
lica. Precizniji uvid u efekte oblika i dimenzija na
masu WM se dobija ako se ova nadviSenja
zanemare, s obzirom na to da se njihove dimenzije
i masa razlikuju u zavisnosti od parametara
zavarivanja. |z tabele 5 se vidi da sa povecanjem
debljine PM, masa WMse povefava u svim
slu¢ajevima. Za uglove zljebova od 60 °, masa WM
se povecava za faktor od 6,4, dok za ugao zljba od
45 ° masa WM se povecava za faktor od 6,5. U
slucaju ugla Zljebova od 20 °, masa WM se
povecava 4,5 puta.

U tabeli 6 prikazane su usStede u dodatnom
materijalu kada se koristi ugao Zljeba od 20 °, u
poredenju sa uglovima od 45 ° i 60 °, na osnovu
podataka iz tabele 5.

4.Result Analysis

Shown in table 5 are the dependencies of groove
cross-section and WM mass from groove angles,
for PM thickness of 10 to 30 mm. Groove with
opening angle of 60° and 45°, with a 4 mm root gap
without blunting, and the angle of 20°, with a 6 mm
gap, also without blunting, were considered.

Data about WM mass are given without root and
face reinforcement masses. A more accurate
insight into the efects of shape and dimensions on
WM mass is obtained if these reinforcements are
neglected, since their dimensions and mass vary
depending of welding parameters. It can be seen
from table 5 that with an increase in PM thicknes,
the WM mass increases in all cases. For groove
angles of 60°, WM mass increases by a factor of
6.4, whereas for the groove angle of 45°, WM mass
increases by a factor of 6.5. In the case of the 20°
groove angle, WM mass increases 4.5 times.
Shown in table 6 are the savings in WM material
when using the groove angle of 20°, compared to
angles of 45° and 60°, based on the data from table
5.
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PM Opening angle 60° Opening angle 45° Opening angle 20°
thickness Cross- WM mass, Cross- WM mass, Cross- WM mass,
(mm) section area, kg/m section area, kg/m section area, kg/m

mm mm mm
10 98 0.8 81 0.6 78 0.6
15 190.5 1.5 152.3 1.2 130.5 1.0
20 312 2.5 244 2.0 192 1.5
25 462 3.7 356.3 2.9 262.5 2.1
30 642 5.1 489 3.9 342 2.7

Table 5. Dependence of groove cross-section areas and WM mass from PM thickness and groove opening angle

Tabela 5. Zavisnost povrSine popre¢nog preseka Zljeba i mase WM od debljine PM i ugla otvora Zljeba

Groove Parent material thickness (mm)
opening 10 15 20 25 30
angle kg/m % kg/m % kg/m % kg/m % kg/m %
45° 0 0 0.2 17 0.5 25 0.7 28 1.2 31
60° 0.2 25 0.5 33 1.0 40 1.6 43 2.4 47

Table 6. Reduction of filler material consumption (savings) with the decrease of the groove opening angle for different

Tavela 6. Smanjenje potroSnje dodatnog materijala (ustede) sa smanjenjem ugla otvora Zljeba kod razlicitih debljina

parent material thicknesses.

osnovnog materijala

Iz tabele 6 se vidi da se, uz upotrebu uskog Zljeba,
usteda mase poveéava sa debljinom PM i uglom
otvora Zljeba. Pri zavarivanju PM debljine 10 mm,
uz ugao Zljeba od 45 °, nema ustede mase, tako da
uski Zleb u ovom slucaju ne daje nikakve
prednosti, u poredenju sa V-Zljebom. Najveéa
usteda potrodnje WM od skoro 50% postize se pri
zavarivanju PM debljine 30 mm, i V Zljebom sa
uglom od 60 °.

MoZe se pretpostaviti da ¢e vreme zavarivanja
smanjiti proporcionalno smanjenju mase WM.
Tokom ovog eksperimenta, nije bila odredena
usteda vremena zavarivanja. Prema literaturi [2], pri
zavarivanju PM sa debljinom 25 mm u uskim
Zljiebovima (ugao od 20 °), usteda vremena
zavarivanja bila je 38%, a usteda potro$nje FM bila
je 25% u poredenju sa zavarivanjem istog PM u V
Zljebu, sa uglom od 45 °.

Iz tabela 2 i 3 moZe se videti da su koreni zavari u
oba spoja zavareni pove¢anom amperazom. Ovo je
bilo moguée zahvaljujuéi koriS¢enju pod-korenih
traka. Amperaza zavarivanja, uz relativno visoku
brzinu zavarivanja, omogucuje prodiranje na ivice
Zljeba i spretava nedostatak stapanja. Tabele 2i 3
takode pokazuju da su zavrsni zavari bili zavareni
bez VicePenetration softvera. S obzirom da je
preostala dubina Sava za oba spoja, nakon drugog
zavara ispune, bila 6 mm, moguce je zavariti treci
zavar ispune, kao i zavarsni prolaz, bez koriséenja
VicePenetration. Prema literaturi [3], slobodna
duZina Zice tokom klasi¢nog MAG postupka, sa
sprej na¢inom prenosa kapi, krece se od 13 do 20
mm. Prema tome, zavarivanje zavrsnih prolaza u
uskom Zljebu moZe se izvesti pomocu klasi¢nog
MAG postupka.

It can be seen from table 6 that, with the use of a
narrow groove, the mass saving increases with PM
thickness and groove opening angle. When welding
a 10 mm thick PM, with the groove angle of 45°,
there is no mass saving, thus there narrow groove
welding does not give any advantages in this case,
compared to a V groove. Largest WM material
consumption saving, of almost 50%, is achieved by
welding PM with a thickness of 30 mm, in a V weld
with the opening angle of 60°.

It can be assumed that the welding time will
decrease in proportion to the WM mass reduction.
During this experiment, welding time saving was
not determined. According to the literature [2],
when welding PMs with a thickness of 25 mm in a
narrow groove (20° angle), welding time saving was
38% and FM consumption saving was 25%
compared to welding of the same PM in a V
groove, with the angle of 45°.

It can be seen from tables 2 and 3 that the root
welds in both joints were welded with increased
amperage. This was possible thanks to the use of
sub-root strips. Welding amperage, along with
relatively high welding speed, enable good groove
edge penetration and prevent the lack of fusion
from occurring. Tables 2 and 3 also show that the
finishing welds were welded without the
WicePenetration software. Since the remaining
weld depth for both joints, after the second filling
weld, was 6 mm, it was possible to weld the third
filling pass, as well as the final pass, without using
WicePenetration. According to literature [3], free
end length of the wire during a classic MAG
procedure, with spraying transfer, ranges from 13
to 20 mm. Thus, welding of finishing passes in the
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Oba spoja su zavarena bez prethodnog savijanja
ploCa i bez ojaCanja koja bi smanjila njihovu
ugaonu deformaciju. Cilj ovog procesa zavarivanja
bio je da se utvrdi magnituda takve deformacije.
Ugaona deformacija zavisi od koli¢ine ulazne
toplote i Sirine lica zavara. Oba spoja su zavarena
relativno velikom toplothom energijom u zavrdnim
prolazima, tabele 2 i 3. Sirina lica iznosila je 16,5 i
14,5 mm, a ugaoni deformacije su bile 3 ° i 4 °,
tabela 4. Iskustvo je pokazalo da se ove ugaone
deformacije mogu smatrati malim u slu¢ajevima
jednostranih zavarenih spojeva debljih materijala,
sa visokim energetskim ulazom.

Lice Sava spoja 1 zadovoljava nivo kvaliteta B za
zavarene spojeve [7]. Lice Sava spoja 2 ima
povremene prokapine duz sredine, prihvatljive
dubine za nivo kvaliteta B. Prokapine se mogu
izbedi ispravljanjem kretanja luka. Pored dimenzija
Zlieba i parametara zavarivanja, na dimenzije
korena utiCu Sirina i dubina Zljeba u traci. Tokom
zavarivanja ovih spojeva koris¢ena je traka sa 10
mm Sirokim Zljebom. Dimenzije korenog zavara,
tabela 4, zadovoljavaju nivo kvaliteta B. Uzimajuci u
obzir da ultrazvuéno ispitivanje nije otkrilo
nedostatke u zavarenim spojevima, moze se
zakljuciti da oni takode zadovoljavaju nivo kvaliteta
B.

TacCkaste linije na slikama 5 i 6 pokazuju ivice
Zljebova tokom zavarivanja spojeva 1 i 2. Kao §to
se moze videti iz ovih slika, Sirine u korenu metala
Sava i ZUT su veée nego u zavarenom Sspoju,
uprkos €injenici da su Zljebovi bili Siri prema centru.
Ovo se dogodilo koris¢enjem keramicke podkorene
trake koja wusporava rasipanje toplote tokom
zavarivanja korena. Smanjenje rasipanja toplote
rezultuje veéim zagrevanjem PM, pa je dubina
penetracije ve¢a, a ZUT je Siri. Ovo usporeno
hladenje ocigledno povecava dubinu penetracije i
povoljno utiCe na spreCavanje nedostatka stapanja
u korenom delu zavarenog spoja.

Zakljucci

Zavarivanje u uskim Zljebovima s uglom otvora od
20 ° omoguc¢ava usStedu u masi WM i vremenu
zavarivanja, kao i u koli€ini dodatnog materijala, u
poredenju sa V Zljebovima, sa uglovima od 45 ° do
60 °. USteda raste sa debljinom osnovnog
materijala, kao i pove¢anjem ugla otvora Zzljebova,
u slu€aju ugla od 45 ° i do 47% u slu¢aju ugla od 60
°, za debljinu PM 30 mm. Rezultati ispitivanja
pokazali su da su zavareni spojevi u uskom Zljebu,
od kojih je jedan napravljen koris¢enjem pune Zice
u horizontalnom polozaju, a drugi punjenom zicom
u vertikalnom poloZaju, nije
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narrow groove can be performed using the classic
MAG procedure.

Both joints were welded without pre-bending of
plates and without stiffeners which would reduce
their angular deformation. The aim of this welding
procedure was to determine the magnitude of such
deformation. Angular deformation depends on the
amount of heat input and weld face width. Both
joints were welded with a relatively high heat input
in the final passes, tables 2 and 3. Weld face
widths were 16.5 and 14.5 mm, and the angular
deformations were 3° and 4°, table 4. Experience
has shown that these angular deformations can be
considered small in the case of one-sided welded
joints of thick materials, with a high energy input.
Weld face of joint 1 satisfies quality level B for
welded joints [7]. Weld face of joint 2 has
occasional underfills along the middle, of
acceptable depth for quality level B. Underfills can
be avoided by correcting the arc movement. In
addition to groove dimensions and welding
parameters, the dimensions of the root are affected
by width and depth of the groove in the strip. During
the welding of these joints, a strip with a 10 mm
wide groove was used. Root weld dimensions,
table 4, satisfy quality level B. Taking into account
that ultrasound testing did not reveal any defects in
the welded joints, it can be concluded that they also
satisfy quality level B. Dotted lines in figures 5 and
6 show the groove edges during the welding of
joints 1 and 2. As can be seen from these figures,
widths in the root WM and the HAZ are greater than
in the welded joint centre, despite the fact that
grooves were wider towards the centre. This was
due to the use of ceramic sub-root strip which
slows down the heat dissipation during the welding
of the root. Reduction of heat dissipation results in
higher heating of the PM, hence the penetration
depth is greater and the HAZ is wider. This slowed
cooling obviously increases the penetration depth
and favourably affects the prevention of lack of
fusion in the root part of the welded joint.
Conclusions

Welding in a narrow groove with the opening angle
of 20° enables savings in WM mass and welding
time, as well as in the amount of filler material
used, compared to welding in V grooves, with
angles ranging from 45° to 60°. Savings increase
with the parent material thickness, as well as with
the increase in groove opening angle, reaching up
to 31% in the case of the 45° angle and up to 47%
in the case of the 60° angle, for PM thickness of 30
mm.

Test results had shown that narrow groove welded
joints, one of which was made using a full wire in
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bilo nedostatka stapanja i potpunom penetracijom
duz debljina osnovnog materijala, sa malom
uglovnom deformacijom.

Kod zavarivanja u uskom Zljebu, koriste¢i gore
navedene softverske pakete, mogu se koristiti
klasicni MAG zavarivaCke piStolie. Medutim,
oprema za zavarivanje mora biti nove generacije,
tako da se moze Koristiti sa tim programima.
Zavrsni zavari i lice Sava mogu biti zavareni
klasicChom opremom za MAG, u ovom sluéaju.

Zbog ograni¢ene dostupnosti korenom delu Sava i
teSkog usmeravanja luka, kontrola duzine luka i
praéenje rastopa metala, neophodna je posebna
obuka zavarivata. Oprema za zavarivanje sa
instaliranim softverom za zavarivanje u uskom
Zljebu je sloZenija za koris¢enje, a time postoji i
potreba za dodathom obukom.

Ovaj rad je zasnovan na rezultatima istrazivanja
izvedenih u okviru projekta TR 35024, koji finansira
Ministarstvo za nauku, obrazovanje i tehnologiju
Republike Srbije.
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Izvod

Razvojem hemijske industrije nakon Il svetskog
rata razvijala se i proizvodnja novih poliplasta koji
su sve viSe zamenijivali primenu olova u raznim
hemijskim procesima, ali jo$ uvek postoje elementi i
postrojenja gde je olovo nezamenijljivo.

Posto se upotreba olova znatno smanijila, uveliko
se smanjio i broj radnika koji su radili sa olovom,
tako da su olovari postali zanatlije u nestajanju, a
literatura o radu s olovom je vrlo oskudna, skoro da
ne postoji.

U ovom ¢lanku daje se prakticha primena
nanoSenja olova radi zastite vacuum breaker
pumpe metodom homogenizacije — poolovljavanje
radi zastite od dejstva razblazene sumporne
kiseline.

Poseban deo rada sa olovom odnosio bi se na
zavarivanje, odnosno, na olovarenje, ali u ovom
Clanku o tome nece biti reci ovog puta.

Uvod

Olovo je odavno u upotrebi (par hiljada godina
p.n.e.) jer se dobija relativno lako iz sulfidnih ruda
(galenit PbS) posto je temperatura topljenja ovog
metala vrlo niska. Olovom su pokrivani krovovi
crkava, ucvrSCivali se stubovi ograda na
mostovima, izradivale cevi i kanali za dovod i odvod
vode, izradivala municija, radili klizni lezaji (babiti),
rade se meki lemowvi...

Razvojem hemijske industrije olovo je postalo vrlo
vazan metal za zastitu od agresivnih medija,
naroCito tamo gde se upotrebljava razblaZzena
sumporna Kkiselina. Najve¢a primena olova u
industriji bila je u drugoj polovini dvadesetog veka,
a onda je sve viSe zamenjivano raznim
poliplastima. Medutim, postoje jo$ uvek pogoni koji
rade, a u kojima je zastupljeno olovo, koje iz raznih
razloga nije moguce da se zameni plastikom, pa je
neophodna reparacija postojecih pogona ili pak

Adresa autora / Author's address:
“Tehweld” d.o.o. Loznica tehweld@yahoo.com

Key words: lead producers, lead, homogenous water,
load coating, zinc chloride, tinning.

Abstract

With the development of chemical industry after the
Second World War, new poly-plastics have been
developed and they have changed the application
of lead in various chemical processes, but there still
are the elements and plants where lead is
irreplaceable. Since the use of lead has been
significantly reduced, the number of workers who
worked with lead has been considerably reduced,
so the lead processors have become the craftsmen
who are disappearing, and the literature about the
work with lead is very deficient, it hardly exists.

In this article, it is given the practical use of lead
application for the purpose of vacuum breaker
pump protection by the method of homogenization-
lead coating for the purpose of protection from the
effects of diluted sulfuric acid. A special part of
working with lead would be related to welding i.e.
welding leads, but this article will not deal with this
subject

Introduction

Lead has been used for a long time (since a couple
of thousand years B.C) because it is produced
relatively easily from sulfide ores (galena PbS)
since the melting temperature of this metal is very
low. Lead was used for covering roofs of churches,
firming the pillars of the bridge fences,
manufacturing pipes and canals for water supply
and drainage, manufacturing ammunition,
manufacturing sliding bearings (babits), producing
soft soldering...

By the development of chemical industry lead has
become very important metal for the protection
from aggressive media, especially where diluted
sulfuric acid is used. The widest spread use of lead
in industry was in the second half of the twentieth
century and since then it has been being replaced
by various poly-plastics. However, there still are the
plants which work, and in which lead is produced

130

ZAVARIVANJE | ZAVARENE KONSTRUKCIJE, 3/2018, str. 130-139



PRAKSA

zamena istroSenih delova novim. Te poslove sa
olovom rade majstori OLOVARI. Nazalost, olovara
je sve manje, a i struénih ljudi, inZenjera, koji bi
trebalo da izvedu i proprate olovarske poslove.

U ovom radu dati su neki osnovni podaci o nacinu
rada pri nanoSenju olova na povrsine ugljeni¢nog
Celika, poolovljavanju.

Osnovni podaci o olovu

Olovo se dobija uglavnom na dva nacina:

iz rude olova (galenit PbS) i reciklazom starog
olova.

U oba slu¢aja cena olova i njegovih legura je
relativno niska jer su procesi jednostavni i odvijaju
se na niskim temperaturama.

Olovo spada u grupu teskih i lakotopivih obojenih
metala. KristaliSe u kubnu, povrSinski centriranu
reSetku. Olovo je nemagneti¢no i vrlo duktilno (lat.
ductilis — mek), moze se lako oblikovati i istegljivo
je, dobro je kovljivo. Na preseku je blago plavi¢asto
— sjajno, ali se brzo presvia€i pasiviziranim,
oksidnim slojem mat sive boje koji ga Stiti od daljeg
nagrizanja.

specifi¢na gustina p = 11,34 g/cm®

temperatura toplienja T = 327,4°C

prekidna &vrstoéa o, = 10-13 MPa (N/mm?)
izduzenje 0 =30-40%

tvrdo¢a HB = 3,2-4,5 (na Mosovoj skali 1-1,5)
brzina zvuka N = 1260m/s (znac¢ajno za spajanje
eksplozijom)

specificna toplota C = 131 J/kg°C

toplotna provodljivost A = 35 W/m°C

modul elasti€nosti E = 17000 MPa

Olovo ne otvrdnjava plasticnom deformacijom na
hladno. U zavisnosti od smera izduzenja kristalnog
zrna (smera valjanja) razliCite su mehaniCke
osobine, ali ve¢ na sobnoj temperaturi, posle
relativno kratko vremena, olovo rekristalizira i dolazi
u prvobitno stanje. Primese u olovu (legirajuéi
elementi) utiCu na povecanje mehanickih osobina i
menjaju otpornost olova na agresivne medije.
Primese koje prate olovo su: bakar, antimon, arsen,
bizmut, cink, sumpor, kalaj, srebro, zlato.

U olovarskoj praksi olovo se deli uglavhom na
meko, Cistoce > 99% i tvrdo, legirano najCesce
antimonom (sa 13% Sb i 87% Pb dobija se
eutekti¢ka legura, Te=216°C).
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and which, because of various reasons, is not
possible to be replaced with plastics, so it is
necessary the reparation of the existing plants or
replacement of used parts by new ones. These
works are mostly done by the craftsmen LEAD
PRODUCERS. Unfortunately, there are less and
less lead producers and also the appropriate
professionals, engineers, who would do and
monitor the works of lead producers. In this
project, there are some basic data about the way of
work when applying lead on the surface of carbon
steel, i.e. lead coating.

Basic data about lead

Lead is obtained mostly in two ways:

From the lead ore (galena PbS) and by recycling
old lead.

In both cases the price of the lead and its alloys is
relatively low because the processes are simple
and are done at low temperatures.

Lead is classified in the group of heavy and easily
melted ferrous metals. It is crystallized in a cube
grid, centered on the surface. Lead is non-magnetic
and very ductile (lat. ductilis- soft), it can be easily
shaped and is elastic, it can be well wrought. On
the cross section it is slightly bluish — lustrous, but it
is immediately coated with passive, oxide layer of
matt grey color which protects it from further
corrosion.

Specific density p = 11,34 g/cm®

Melting point T = 327,4°C

Tensile strength o, = 10-13 MPa (N/mm?)
Elongation & = 30-40%

Hardness HB = 3,2-4,5 (on the Moss’ scale 1-1,5)
Speed of sound N =1260m/s(significant for merging
with explosion)

Specific heat C =131 J/kg°C

Thermal conductivity A = 35 W/m°C

Modulus of elasticity E = 17000 MPa

Lead does not harden by cold plastic deformation.
Depending on the direction of elongation of crystal
grain (direction of rolling) there are various
mechanical properties, but on the room
temperature, after relatively short time, lead re-
crystallizes and comes to the previous condition.
The primes in lead (alloying elements) influence to
mechanical properties and change the resistance of
lead to aggressive media. The primes which follow
lead are: copper, antimony, arsenic, bismuth, zinc,
sulfur, tin, silver, gold.

In the lead producing practice lead is divided mostly
to: soft lead, of the purity > 99% and hard, alloyed
mostly with antimony (with 13% Sb and 87% Pb it
is obtained eutectic alloy, Te=216°C).
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Legura kalaj-olovo Pb 61.9% i Sn 38.1%, Te =
183°C. Adheziona moé¢ lema se povecava sa
povecanjem Sn u leguri sve do eutekti¢ke tacke, a
posle opada.

Olovo je vrlo postojano na dejstvo sumporne,
fluorovodoni¢ne i hlorovodoni¢ne (sone) kiseline,
hlora, vode, vazduha, sumpor  dioksida,
sumporvodonika... Hemijska otporonost olova
potiCe od pasiviziranog sloja koji se brzo stvara na
povrSini u obliku olovo-oksida ili olovo-oksidno-
karbonatnog sloja. U dodiru sa sumpornom
kiselinom stvara se olovo sulfat (PbSO,.)
RazblaZzena sumporna kiselina na poviSenim
temperaturama stvara na povrsini olova nestabilno
jedinjenje koje nije dovoljno otporno na agresivne
uslove, stvara se rastvorna so. Zbog toga se isto
olovo legira bakrom.

Destilovana voda polako nagriza olovo ako u njoj
ima rastvorenog kiseonika.

Olovo nije postojano u azotnoj i siréetnoj kiselini jer
se na povrsini stvaraju lakotopive soli.

Prisutnost bizmuta i cinka smanjuje korozionu
otpornost olova zbog velike razlike u elektro-
potencijalu.

Korozionu otpornost poboljSavaju: srebro, nikal i
bakar ako se nalaze u manjim koli€¢inama (ispod
0,1%). U vec¢im koli¢inama sniZzavaju otpornost
olova na koroziju.

B
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The alloy tin-lead Pb 61.9% and Sn 38.1%, Te =
183°C. The adhesion power of soldering is
increased with the increasing of Sn in the alloy up
to the eutectic point and then it is falling down.

Lead is very resistant to the effects of sulfuric,
hydrofluoric acid, chlorine, water, air, sulfur dioxide,
sulfur hydrogen... Chemical resistance of lead
comes from the passive layer which is immediately
created on the surface in the form of lead oxide or
lead oxide carbon layer. In the contact with sulfuric
acid it is created lead sulfate (PbSO,.).

At higher temperatures diluted sulfuric acid creates
on the surface of lead an unstable compound which
is not resistant enough to aggressive conditions,
dissolved salt is created. Because of this, pure lead
alloys with copper.

Distilled water steadily erodes lead if there is
dissolved oxygen.

Lead is not stable in nitric and acetic acid because
easily dissolvable salts are created on the surface.
The presence of bismuth and zinc reduces
corrosion resistance of lead because of the great
variation in electro-potential.

Corrosion resistance is improved by: silver, nickel
and copper if their presence is in small quantities
(under 0,1%). In large quantities they lower the
resistance of lead to corrosion.

DIN Pb 99,985
Standard DIN 1719
Element TeZina u procentima %

Pb 99.985-99.999
Bi 0.01-10.01

Sb 0.001 - 0.002
Cu 0.001 —0.001
Fe 0.001 —0.001
Zn 0.001 —0.001
Sn 0.001 —0.001
As 0.001 —0.001
Ag 0.001 —0.001

Modul elasti¢nosti, E...... 17.00 GPa
Prekidna c¢vrstoc¢a, R,,.....12.50 MPa
Tabela br. 1 Hemijski sastav Cistog olova
Table number 1 Chemical composition of pure lead
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DIN Pb 99,985 Cu
Standard DIN 17640-1
Element TeZina u procentima %
Pb 99.985-99.985
Cu 0.04 - 0.05
Bi 0.01 -0.01
Ag 0.005 — 0.005
Sn 0.005 — 0.005
Sb 0.001 —0.001
Fe 0.001 — 0.001
Zn 0.001 — 0.001
As 0.001 - 0.001
Modul elasticnosti, E........... 17.00 GPa
Prekidna ¢vrstoca, Rm.......... 14.00 MPa
Tabela br. 2 Hemijski sastav olova legiranog bakrom
Table number 2 Chemical composition of the lead alloyed with copper
Zastita ugljenicnog konstrukcionog ¢elika Protection of carbon construction steel by lead

olovom

Zastita se moze izvesti rastavljivom i nerastavljivom
vezom olova i Celika.

Rastavljiva veza se sastoji u oblaganju povrsina
olovnim limom koji se pricvrScuje za CceliCnu
konstrukciju zavrtnjima. Preko glave zavrtnja stavlja
se olovna obloga koja $§titi zavrtanj od agresivnog
medija. Olovni limovi se medusobno zavaruju po
zavrSenom oblaganju. Zavarivanje moze biti
suceono ili ugaono preklapanjem limova.

Ovaj princip zastite se primenjuje na posude koje
su optere¢ene na pritisak koji dodatno priljubljuje
olovo i lim na ¢elik. U sluCajevima gde su
optereCenja u posudama i cevima kombinovana:
pritisak i vacuum ili samo vacuum, neophodno je da
se ostvari prisna veza izmedu celika, koji daje
CvrstoCu i krutost konstrukciji i olova koje sluzi da
zastiti konstrukciju od hemijskog uticaja agresivnog
medija.

Nerastavljivu vezu je moguce posticCi na viSe
nacina, a uvek se radi manje-viSe o postupku
mekog lemljenja koje se naziva poolovljavanje.
Komercijalno poolovljavanje se moze izvrsiti:
-gasnim postupkom

-TIG-postupkom

-eksplozijom.

U ovom izlaganju razmotriCe se samo primena
gasnog postupka koji je najstariji, najrasireniji i
univerzalni nacin poolovljavanja.

U principu se poolovljavanje vrsi mekim, cistim
olovom (najmanje 3 devetke), mada je tehnicki
izvodljivo poolovljavanje i tvrdim olovom, ali je ta
primena reda. Ono $to je karakteristiCno za rad sa
olovom je specifiCan alat, odnosno upotreba
olovarskih brenera koji su malih dimenzija, tanka i

The protection can be performed by separable and
inseparable connection of lead and steel.

The separable connection consists of coating the
surfaces with lead tin which is fastened to a steel
construction by screws. Over the head of a screw it
is put lead coating which protects a screw from
aggressive media. Lead tins are welded to each
other after the completed coating. Welding can be
frontal or corner by overlapping tins.

This principle of the protection is not applied to the
vessels which are loaded to the pressure which
additionally attach lead and tin to steel. In the cases
where the loads in the vessels and pipes are
combined: pressure and vacuum or only vacuum, it
is necessary to create close connection between
steels, the lead which gives firmness and
inflexibility to the construction and the lead which
serves to protect the construction from the chemical
influence of aggressive media.

It is possible to obtain an inseparable joining in
many ways, and it is always more or less about the
procedure of soft soldering which is called lead
coating.

Commercial lead coating can be done by:

-Gas procedure,

-TIG- procedure

-Explosion

In this project only the use of gas procedure will be
considered and it is the oldest, the widest spread
and universal way of lead coating.

Generally, lead coating is done by soft, pure lead
(at least 3 nines), although it is technically possible
to do lead coating with hard lead, but that usage is
rarer. The main feature of working with lead is
specific tools, i.e. the use of lead producing brener
tools which are of small dimensions, thin and
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savitliiva creva, S§to sve skupa omogucava brzo
reagovanje, manje zamaranje i dug rad olovara jer
je postupak vrlo spor. Rad sa olovom zahteva
posebnu vestinu koju olovari treba da savladaju jer
je olovo tedljivo, ne menja boju pri zagrevanju i ima
veliku specifi€nu gustinu, $to predstavlja poseban

problem u radu kad su u pitanju prinudni poloZzaji.

Slika br. 1a Olovarski brener
Picture number 1a. Lead producing Brener Tool

Gasnim postupkom je moguée poolovljavanje na
dva nacina: kalaisanjem povrSine Celika na koju se
potom nanosi olovo i homogenizacijom, fj.
primenom homogene vode.

Postupak kalaisanja

Osnovni preduslovi za uspesSno kalaisanje su:
Cistoca, temperatura, dobar topitelj i lem.

Cistoéa &elika se postize ruénim brugenjem
povrSine do metalnog sjaja, temperatura ne sme da
bude ni preniska niti previsoka jer ¢e “izgoreti”
topitelj (doéi ¢e do pasivizacije i lem ¢e da klizi sa
povrdine u obliku kuglica. U tom slucaju jedino je
reSenje da se izvr§Si ponovo prebrusivanje,
zagrevanje, premazivanje topiteliem i nanoSenje
lema sa utrljavanjem istopljenog lema kudeljom,
keramic¢kim vlaknom i sl.

Osnovna uloga topitelja je da spreéi oksidaciju u
toku zagrevanja i da smanji povrSinske napone
izmedu osnovnog materijala i rastoplijenog lema.
Topitelji mogu biti u obliku praska, paste ili te€nosti.
Kao topitelj upotrebljava se naj¢eS¢e cink-hlorid
(ZnCl,) koji se dobija dodavanjem cinka u sonu
kiselinu. Lem je legura kalaja i olova (naj¢esce
60/40). Sam proces treba izvesti brzo i zbog toga
se zagrevanje vrSi intenzivno. Na nakalaisanoj
povrSini ne sme da bude debeo sloj lema niti
zaostaci prljavstine (vlakna od kudelje, keramike i
sl.). To se odstranjuje €elicnom Cetkom dok je lem
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flexible hoses, which completely enable fast
reaction, less fatigue and long work of lead
producers because the procedure is very slow. The
work with lead demands special skills which lead
producers have to learn because lead is liquid, it
does not change color while heated and has a
specific density which represents special problem
in working when it is about forced positions.

Slika br.1b Olovarska garnitura
Picture number 1b. Lead producing equipment

Lead coating by gas procedure is possible in two
ways: by tinning the surface of steel on which then
lead is applied, and homogenization i.e. use of
homogenous water.

Tinning procedure

The basic preconditions for successful tinning are:
purity, temperature, good smelter and solder.

The purity of steel is obtained by manual grinding of
the surface to metal shine, the temperature has to
be neither too low nor too high because the smelter
will “burn” (it will come to the passiveness and the
solder will slide from the surface in the form of
balls. In that case the only one solution is to redo
grinding, heating, coating with smelter and applying
solder with liniment of melted solder with hemp,
ceramic fiber and so on.

The main role of the smelter is to prevent oxidation
during the heating and to reduce surface voltages
between the main material and melted solder. The
smelters can be in the form of powder, paste or
liquid.

The most frequently used smelter is zinc-chloride
(ZnCl,) which is obtained by adding zinc in
hydrochloric acid. The solder is the alloy of tin and
lead (the most frequently 60/40). The process itself
has to be done fast and because of that heating is
intensively done. On the tinned surface there must
not be a thick layer of solder or remains of dirt joS u
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rastopljenom stanju. Debeli nanos lema bi dodatno
legirao olovo, §to bi bilo nepozeljno.

Kalaisanjem se aktivira povrSina za bolje kvasenje
pri nanoSenju prvog, kontaktnog sloja olova.
Prionljivost nanetog sloja zavisi od kapilarnih sila,
odnosno od ugla pod kojim je deli¢ rastopljenog
metala lema u interakciji sa ¢vrstom podlogom.

a)Good or very good soaking
a)Dobro ili vrlo dobro kvaSenje.

B
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(hemp fibers, ceramics and so on). It is removed
with steel brush while the solder is still in a melted
form. A thick coat of solder would additionally alloy
lead which would be undesirable. By tinning the
surface is activated for better soaking while it is
applied the first, contact layer of lead. The adhesion
of the applied layer depends on capillary forces, i.e.
on the angle under which there is the part of the
melted metal of solder in the interaction with a firm
base

) )\

b)Bad soaking or there is no soaking at all
b)Lose kvaSenje ili ga uopste nema

Picture number 2 (a,b)
Slika br.2 (a,b)

Pri toplom kalaisanju uranjanjem u te¢ni Sn lem
Celicnih elemenata, dolazi do stvaranja jedinjenja
FeSn,, koje pri zagrevanju u toku nanoSenja olova
ne menja sastav ve¢ samo tip kristalne reSetke.
Ovo jedinjenje omogucéava dobar spoj (bolje
kvadenje povrSine i lakSe vezivanje olova, bez
greSaka neprionljivosti)

Nanosenje olova na kalaisanu povrsinu
Kalaisanu povrdinu na koju se nanosi olovo treba
postaviti u horizontalan polozaj, a ivice treba
ograditi kako ne bi rastopljeno olovo curilo.
Postujuéi navedene principe moguce je izvrSiti
poolovljavanje povrSina svih oblika i veli¢ina.

& S “d %

During the hot tinning by soaking to the liquid Sn
solder of steel elements, there occurs the creation
of the compound FeSn,, which while heated during
the applicaction of lead does not change the
composition but only the type of the crystal grid.
This compound enables a good joining (better
soaking of the surface and easier connecting of
lead, without the faults of not being adhesive).
Application of lead to a tinned surface

The tinned surface on which lead is applied should
be set to a horizontal position and the edges should
be surrounded in order that the melted lead would
not leak. Respecting the above principles it is
possible to perform lead coating of the surfaces of
all forms and sizes.

Picture number 3. The additional material are triangle bars (sides of the bar 6-10 mm) which are casted in a mould
and immediately used in order not to come to the occurrence of surface oxidation of lead.
Slika br. 3 Dodatni materijal su trouglaste Sipke (stranice Sipke 6 — 10mm) koje se liju u kalupu i odmah
upotrebljavaju kako ne bi dosSlo do povrSinske oksidacije olova
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Pre pocCetka nanoSenja prvog sloja potrebno je
izrvrSiti  predgrevanje radnog komada na
temperaturu 60-80°C (ispod 100 °C).

Debljina jednog nanetog sloja olova je 1,5-3mm.
Uobi¢ajeno se traze neSto vecée debljine, pa je
potrebno naneti bar dva sloja.

Posto se nanoSenje prvog sloja vrsi bez rastapanja
povrSine osnovnog materijala, ovaj postupak spada
u meko lemljenje (temperatura ne prelazi 450°C),
ali nanosenje drugog i sledeCih slojeva vrsi se
rastapanjem osnove i dodavanjem Pb Sipke, pa se
dalji postupak naziva navarivanje olova ili
olovarenje.

Pre nanoSenja svakog sledeéeg sloja neophodno je
da se izvrsi uklanjanje oksidisane i kontaminirane
povrSine rucnim Saberovanjem (grebanjem) ili
rotacionom ¢elicnom Cetkom. Takode je neophodno
da se olovna Sipka ili Zica oCiste od oksida
neposredno pre nanosenja topljenjem.

Kao gorivi gasovi upotrebljavaju se najCeSce
acetilen (disugas), vodonik i butan. Plamen treba
da je neutralan i intenzivan (znatno jaci nego pri
zavarivanju). Cistiji i svetliji je navar ako se radi sa
vodonikom, ali je teze kontrolisati kupku (ne vidi se
jezgro plamena), pa je potrebna veca vestina i
iskustvo.

Nakon postizanja potrebne debljine povrsSina olova
se ravna Sirokim plamenom i ta operacija se naziva
peglanje. Tako se ujednacava debljina plakature.
Nakon hladenja potrebno je izvrSiti kontrolu
debljine, stanje povrsine i prionljivost.

Picture number 4a. Application of lead to the tinned
surface of the vacuum breaker pump
Slika br. 4a Nano$enje olova na kalaisanu
povrSinu vacuum breaker pumpe
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Before the beginning of application of the first layer
it is necessary to do the previous heating of a
working piece, on the temperature 60-80°C (under
100°C). The thickness of one applied layer of lead
is 1,5-3mm. Usually, thicker layers are usually
demanded, so it is necessary to apply at least two
layers. Since the application of the first layer is
done without the melting of the surface of the basic
material, this procedure is classified as soft
soldering (the temperature does not exceed
450°C), but application of the second and other
layers is done by melting the basis and adding Pb
bar, so the further procedure is called welding of
lead or lead coating. Before applying every other
layer it is necessary to do the removing of the
oxidized and contaminated surface by manual
scraping (scratching) or rotational steel brush. It is
also necessary for a lead bar or wire to be cleaned
from oxides immediately before applying by
smelting. As combustive gases the most frequently
used are acetylene, hydrogen and butane. The
flame should be neutral and intensive (much
stronger than while welding). The weld is clearer
and lighter if it is worked with hydrogen but it is
more difficult to control the bath (the core of the
flame cannot be seen), so that more skills and
experience are necessary.After obtaining the

necessary thickness the surface of lead is flattened
with wide flame and that operation is called ironing.
That is the way to unify the thickness of the coating.
After cooling it is necessary to do the control of
surfaces

thickness, condition of the and

adhesiveness.

Figure 4b, 4c Welded detail
Slika 4b, 4c Navareni detalj
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Homogeno poolovljavanje

Princip rada ima slicnosti sa ve¢ opisanim
postupkom poolovljavanja nakon kalaisanja.
Osnovna je razlika Sto se na ociS¢enu, izbruSenu
povrsinu premazuje homogena voda i potom se na
tako nakvaSeni deo direktno nanosi rastoplieno
olovo bez prethodnog kalaisanja. Homogena voda
je odli¢an topitelj a €ini je rastvor cink-oksida (ZnO)
i kalaj-hlorida (SnCl) u koncentrovanoj sonoj kiselini
(HCI) i destilovanoj vodi (H,O.

Homogena voda vrSi dobro kvaSenje lema i
osnhovnog materijala, podnosi ve¢u temperaturu pri
radu od cinkove soli sone kiseline (ZnCl,).
Primenjuje se za nanoSenje olova direktno na
ugljeniéni Celik, bez potrebe prethodnog kalaisanja.
Homogena voda je znatno skuplja od ZnCl,. Proces
nanoSenja prvog sloja je sporiji od nanosenja na
kalaisanu povrSinu, a olovar je izlozen veéem
uticaju isparenja kiseline i olova. Primenjuje se
uvek tamo gde je nemoguce izvrsiti pripremu
kalaisanjem. Nedostatak je i to $to postoji
mogucénost pojave poroznosti usled zarobljavanja
isparenja homogene te¢nosti.

Sve ostalo, posle nanoSenja prvog sloja, vazi isto
Sto je ve¢ opisano pri poolovijavanju nakon
kalaisanja.

Primer: poolovljavanje vacuum breaker pumpe koja
radi u procesu dobijanja sumporne kiseline.

Dimenzije  povrS§ina za  poolovljavanje O
2185.Debljina nanetog olova.................. d = 5mm.
Olovo Pb 99,985 Cu

Uslovi rada:

- temperatura u toku procesa 61°C
- vacuum u toku procesa -121,6 mbar

SO, 10-11%
SO; 0%
O, 13-14 %
N, 68 — 69 %
CO, 0%

koncentrovana sumporna kiselina — u tragovima

Kontrola

Ispitivanje debljine

a) Moguce je izvrsiti kontrolu rastapanjem pojedinih
mesta i merenjem kljunastim merilom (Sublerom) ili
dubinomerom, ili ubadanjem iglom i ocCitavanjem
debljine, pa kontrolisana mesta navariti ponovo
olovom. To su zastarele metode, a sada se
primenjuju ultrazvucni instrumenti za merenje
debljine koji se pre upotrebe bazdare na etalonu
koji se lako moze da napravi za konkretan slucaj.

B

PRACTICE

Homogenous lead coating

Principle of functioning is similar to the already
described procedure of lead coating after tinning.
The main difference is that homogenous water is
smeared on the cleaned, sanded surface and then,
on that soaked part, melted lead is directly applied
without previous tinning. Homogenous water is
excellent smelter and consists of the solution of
zinc-oxide (ZnO), tin-chloride (SnCl) in the
concentrated hydrochloric acid (HCI) and distilled
water (H,O). Homogenous water wets well solder
and main material, tolerates higher temperature
while working than the zinc salt of hydrochloric acid
(ZnCly). 1t is applied for the lead coating directly to
carbon steel, without the necessity for previous
tinning. Homogenous water is much more
expensive than ZnCl2. The process of applying the
first layer is slower than applying to a tinned
surface and a lead producer is exposed to greater
influence of acid and lead evaporations. It is always
applied where it is impossible to do the preparation
by tinning. One of the deficiencies is also the one
when there are no possibilities of occurrence of
porosity for the reasons of capturing the
evaporations of homogenous liquid. All others,
after the application of the firs layer, is the same as
it has been described, while lead coating after
tinning.

Example: lead coating of the vacuum breaker pump
which works in the process of obtaining sulfuric
acid.

Dimensions of the surface for lead coating: & 2185.
Thickness of the applied lead ............... d =5mm.

Lead Pb 99,985 Cu

Conditions of work:

- temperature during the process - 61°C

- vacuum during the process -121,6 mbar

SO, 10-11%

SO; 0%

0O, 13-14 %

N, 68 — 69 %

CO, 0 %

Concentrated sulfuric acid — in traces
Control

Examination of the thickness

a) It is possible to do the control by melting
individual places and measuring with a caliper
(Schublehre) or sounder, or sticking a needle and
reading the thickness and then again welding with
lead the controlled spots. Those are outdated
methods, nowadays we use ultrasound instruments
for measuring thickness which are calibrated on the
die which can be easily made for a specific case.
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b) Opsta prionljivost se kontroliSe ultrazvuénim
aparatom uz primenu normalnih sondi (90°C).
Princip kontrole treba da je kao kod svakog
bimetala, a to je da spoj treba da omogudéi povratni
eho od donje povrsine &elika. Ovo se lako izvodi
ako su u pitanju ravne povrsine, a ako su u pitanju
zakrivliene povrSine, onda se primenjuje tehnika
gubitka energije ultrazvuka (Nema povratnog eha
od kontakta Celik-olovo, vec se isti gubi u Celiku).

c) Stanje povrSine i ivi€na prionljivost se ispituju
penetrantima. Kvalitet i strogost kontrole mogli bi
da budu definisani prema dogovoru sa
projektantom, naruciocem ili prema standardu za
klizne lezajeve ISO 4386.

Picture number 5. Presentation of the ultrasound
control of vacuum breaker pump after ironing
the lead surface
Slika br. 5 Prikaz ultrazvuéne kontrole vacuum
breaker pumpe nakon peglanja
povrsine olova
Zastita na radu

Olovne pare su otrovne, utiCu na zdravstveno
stanje radnika i zato se moraju preduzeti
odgovarajuée mere. Lica koja rade sa olovom ne
smeju biti mlada od 16 godina. Osnovna zastita bila
bi dobra ventilacija i li€na higijena kao i primena
oshovnih sredstava za zastitu.

Olovo uti¢e na intelektualni razvoj, nervni sistem,
povec¢anje krvnog pritiska, smanjuje funkciju
bubrega, izaziva anemiju i reproduktivne probleme.
Posebno treba voditi racuna pri radu poolovljavanja
jer pored olovnih para tu su i isparenja od topitelja
(kiseline).

Liéna higijena

Olovari moraju da nose odela koja se lako peru
(keper). Potrebno je da se nosi kapa od kepera,
zastitne kozne rukavice od meke (jelenske, jarece)
koze.

B
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b) General adhesion is controlled by an ultrasound
device with the application of normal probes
(900C). The principle of control should be as it is for
every bimetal, and that is that a joining should
enable a reverse echo from the bottom surface of
steel. This can be done easily if it is about flat
surfaces, but if it is about curved surfaces, then, it
is applied the technique of losing ultrasound energy
(there is not a reverse echo from the contact steel-
lead, it is lost in steel).

c) The condition of the surface and edge
adhesiveness are examined with penetrates. The
quality and strictness of the control could be
defined according to the agreement with the
designer, ordering party or according to the
standard for sliding be rr]g? ISO 4386.

Picture number 6. JMeasuring the thikness of the lead
Slika br. 6 Merenje debljine olova

Protection at work

Lead evaporations are poisonous; they influence
health conditions of the workers so appropriate
measures have to be taken. The persons who work
with lead must not be younger than 16. The basic
protection would be good ventilation and personal
hygiene as well as using the basic protection
equipment.

Lead has the influence to intellectual development,
nervous system, blood pressure increase, it
reduces the function of kidneys, provokes anemia
and reproductive problems. A special care should
be taken while working on lead coating because
besides lead evaporation there are also the
evaporations of smelters (acids).

Personal hygiene
Lead producers have to wear clothes which are
easy to be washed (twill). It is necessary for them
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Olovari treba da imaju dvostruki radni ormar, jedan
za radno a drugi za Cisto odelo.

Posto plamen nije intenzivne svetle¢e boje, a olovo
ne menja boju pri topljenju, nisu potrebne zastitne
naocari kao za autogeno zavarivanje, ¢elika npr.
PoZeljno je nositi zaStitnu papirnu masku za
disanje, kao zastitu od prasine ako su takvi uslovi u
prostoriji.

Najvaznija zaStita disajnih organa Ccini se
provetravanjem bilo prirodnim, bilo veStackim
putem.

Hrana ne sme da se unosi u prostoriju gde se radi
sa olovom. Olovari moraju redovno da vre
lekarske preglede, najmanje jednom godisnje.
Ukoliko se radi u tesnim i zatvorenim prostorima,
Sto je Cest slucaj u toku raznih remontnih radova,
onda treba voditi rauna o mogucnosti zasicenja
prostora zapaljivim gasovima. Narocito je opasno
ako se olovarenje vrSi vodonikom (H;) u
zatvorenom prostoru. Tada treba da radi jedan
olovar uz stalni nadzor i merenje koncentracije
gasova, uz €eScu zamenu sa drugim olovarom.
Zamena je potrebna nakon svakih 45 minuta.Sve
ostalo Sto vazi za =zastitu pri radu gasnim
zavarivanjem vazi i za olovarske radove.

Literature

(1) Dr Mirkovi¢ R. Arseni¢ R. — MaSinski materijali,
Zavod za udzbenike i nastavna sredstva, Srbija,
Beograd 1999. (PhD Mirkovic R., Arseni¢ R.-
Engineering Materials, Institution for Schoolbooks
and Teaching Tools, Serbia, Belgrade 1999)

(2) Stanikovi¢ V. — MaSinski materijali sa termi¢kom
obradom, Srbija Novi Sad 1983. (Stanikovi¢ V.-
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to wear a twill cap, protective leather gloves made
of soft (deer and goat) leather. Lead producers
should have double cabinet, one for working
clothes and one for clean clothes. Since the flame
is not of intensively shining color, and lead does not
change color while melted, protection glasses are
not necessary as it is the case with autogenous
welding of, for example, steel. It is desirable to
wear protection paper mask for breathing, as well
as the protection form dust if the room has such
conditions. The most important protection of
respiratory organs is done by ventilation, whether in
natural way or by air-conditioning. Food must not
be taken to the room where it is worked with lead.
Lead producer have to regularly go to medical
examinations, at least once a year. If they work in
small and close rooms, which is a usual case
during various repair works, then, they should take
care of the possibility of saturating the room with
inflammable gases. It is especially dangerous if
lead coating is done with hydrogen (H,) indoors.
Then, one lead producer should work with the
constant  supervision and measuring the
concentration of gases, and frequent changing with
another lead producer. The change is necessary
every 45 minutes. All other measures which are
taken while working with gas welding are applied to
lead producing works.

Engineering Materials with Thermal Processing,
Serbia Novi Sad 1983)

(3) Smiljani¢ M., Martinovski V. — Lemljenje, Srbija
Beograd DUZS 2001.(Smiljani¢ M., Martinovski V.
— Soldering, Serbia Belgrade DUZS 2001)

(4) WIKIPEDIA - osobine i svojstva olova
(WIKIPEDIA - characteristics and properties of
lead)
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SERTIFIKACIJA OSOBLJA ZA ZAVARIVANJE

Ukupni cilj sertifikacije je da stvori poverenje kod
svih strana da sistem menadzmenta ispunjava
specificirane zahteve. Vrednost sertifikacije je u
stepenu javnog poverenja i verovanja, da je ona
obavljena nepristrasnim i kompetentnim
ocenjivanjem preko tre¢e strane. Strane koje su
zainteresovane za sertifikaciju obuhvataju, pored
klijenata sertifikacionog tela, korisnike organizacija,
vladina tela, nevladine organizacije i potrosace i
druge predstavnike javnosti

Bezbednost i profit zavise od tehniCke kontrole
operacija zavarivanja. Klju¢no osoblie u svim
aktivnostima vezanim za zavarivanje mora
posedovati odgovarajuéi nivo struénosti u
tehnologiji zavarivanja i njegovoj primeni.

Pored zapoSljavanja struénih i  proverenih
zavarivaca, proizvodaci bi trebalo da osiguraju i da
inZenjeri, projektanti i tehniCari ukljuCeni wu
zavarivanjem imaju dokazano relevantno iskustvo.
Ovo sve viSe postaje zahtev za dobijanje posla:

trend za koji se oCekuje da ¢ée rasti. Standard EN
ISO 14731 «Koordinacija zavarivanja — zadaci i
odgovornosti» zahteva da osobe sa
odgovornostima povezanim sa zavarivanjem
moraju biti u moguénosti da pokazu da su strucni
za izvrSenje tih zadataka. Sem toga, da bi se
primenjivao standard EN ISO 3834, neophodno je
primenjivati i standard EN ISO 14731.

EWF i [IW predstavljaju dve glavne organizacije za
zavarivanje koje poseduju medunarodnu struénost
u oblasti zavarivanja i srodnim tehnologijama.

EWF/IIW  struktura sertifikacije osoblja je
jednostavno sredstvo kojim se moZe proceniti i
prepoznati sposobnost za obavljanje odredenog
posla. Ona definiSe profil obrazovanja, znanje,
iskustvo i odgovornosti koje se zahtevaju za Siroko
podrucje opste poznatih zavarivackih zadataka i
daje proceduru profesionalnog procenijivanja, (videti
sliku).

Uslov za tehnicko znanje - ‘Medunarodni/evropski inZenjer zavarivanja’
(Diploma IIW/EWF)

Technical Knowledge Requirement - ‘International/European Welding Engineer’
(IIW/EWF Diploma)

2 godine nedavnog radnog iskustva — relevantni nivo i opis posla

2 years recent experience - Relevant job content and level

Demonstracija odrzavanja i usavrsavanja tehni¢kog znanja

Demonstration of maintaining and developing technical knowledge

Procena ANB-a

ANB Assessment

lzdavanje sertifikata - na primer ‘Ovla3¢eni medunarodni/evropski inZenjer
zavarivanja' (Obnavlja se svake 3 godine ponavljajuci korake 2, 3 i 4 - ‘Nadzor')

Issue of Certificate - e.g. ‘Certified International/European Welding Engineer’
(Renewed every 3 years by repeating steps 2, 3 and 4 above - ‘Surveillance’)

Pre ostalih detalja vezanih za sertifikaciju osoblja
za zavarivanje u Srbiji, poZeljno je jo$ jednom

objasniti pojmove koji se i pored dugotrajne
primene, joS uvek meSaju ili se ne razumeju
dovoljno.

1) Akreditacija predstavlja odredivanje, od strane
akreditacionog tela, kompetentnosti organizacija za
ocenjivanje usaglasenosti, pri ¢emu se zvani¢no
potvrduje njihova sposobnost da obavljaju
odredene poslove ocenjivanja usagladenosti.
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2) Ocenjivanje usaglasenosti i tela za

ocenjivanje usaglasenosti

Ocenjivanje usaglasenosti je svaka aktivnost kojom
se utvrduje da li su ispunjeni odredeni zahtevi koji
se odnose na proizvod, proces, uslugu, sistem ili
osobu.

Telo za ocenjivanje usaglasenosti je pravno lice ili
deo pravnog lica koje obavlja poslove ocenjivanja
usaglasenosti, ukljucujuéi ispitivanje, etaloniranje,
sertifikaciju i kontrolisanje.

3) Razlika izmedu ispitivanja, kontrolisanja i
provere.

Ispitivanje je utvrdivanje jedne ili viSe karakteristika
objekata ocenjivanja usagladenosti, u skladu sa
procedurom.

Kontrolisanje je pregledanje projekta proizvoda,
samog proizvoda, procesa ili ugradnje i utvrdivanje
njihove usaglasSenosti sa specificnim zahtevima ili,
na osnovu profesionalnog mislijenja, sa opStim
zahtevima.

Provera je sistemati¢an, nezavisan i dokumentovan
proces za dobijanje dokaza provere i njegovo
objektivho vrednovanje da bi se odredio nivo do
kojeg su ispunjeni specificirani zahtevi.

4) Ocene usaglasenosti preko 1., 2., i 3. strane
Ocenjivanje usaglasenosti pokazuje da su ispunjeni
specificni zahtevi koji se odnose na prozvod,
sistem, osobu ili telo.

Aktivnost ocenjivanja preko prve strane je aktivnost
ocenjivanja usaglasSenosti koju obavlja osoba ili
organizacija koje daju objekat.

Aktivnost ocenjivanja preko druge strane je
aktivnost ocenjivanja usagladenosti koju obavlja
osoba ili organizacija koja je kao Kkorisnik
zainteresovana za objekat.

Aktivhost ocenjivanja preko treCe strane je
aktivnost ocenjivanja usaglasenosti koju obavlja
osoba ili telo koji su nezavsni od osobe ili
organizacije koja daje objekat, kao i od korisnika
zainteresovanog za taj objekat.

5) Sertifikacija predstavlja atestiranje koje je
izvrSila treCa strana u vezi sa proizvodima,
procesima, sistemima ili osobama.

Postupak sertifikacije obuhvata:

- podnoS$enje zahteva za sertifikaciju

- preispitivanje zahteva

- ocenjivanje

- razmatranje izvesStaja o ocenjivanju usaglasenosti
- odluka o sertifikaciji

- nadzor i ponovno ocenjivanje

- koriS¢enje sertifikata i logoa

Sertifikacijom se dokazuje da zavarivacko osoblje
kontinuirano radi u struci i da kontinuirano
unapreduje svoja znanja i sprovodi se prema lIW
Semi sertifikacije. Sertifikacijom se takode dokazuje
ispunjavanje uslova standarda SRPS EN ISO
3834-2,3,4 koji propisuje zahteve za osoblje
ukljuéeno u obezbedenje kvaliteta zavarivanja.
Sertifikat se dodjeljuje se za odredene tipove
proizvoda koji preduzece — poslodavac proizvodi i
koordinator koordinira. Sertifikat vazi tri godine,
nakon toga se obnavlja.

Sema sertifikacije je sacinjena
sertifikat dokazuje tri stvari:

1. Posedovanje odredenog nivoa znanja ste¢enog
u proslosti.

- Dokazuje se posedovanjem odgovarajuce
IIW/EWF diplome

2. Rad u struci.

- Dokazuje se popunjenim obrascom u kojem je
vidljivo da je kandidat redovno radio na podrucju
zavarivanja i srodnih tehnologija, odnosno da je
snosio odredeni nivo odgovornosti

3. Kontinuirano struéno usavrSavanje ¢ime se
dokazuje da kandidat odrzava i poveéava svoj nivo
znanja.

- Dokazuje se potvrdama o pohadanju stru¢nih
seminara i savetovanja, radom u tehnickim
odborima i stru¢nim grupama, ¢lancima u stru¢nim i
nau¢nim ¢asopisima i zbornicima radova
savetovanja i sl.

Postupak sertifikacije, odnosno ono §to
zainteresovani kandidat prakti¢no treba da uradi je:
1. Popuni prijavni list za sertifikaciju

2. Dostavi dokumente pod tackama 1i 2

3. Nakon povratne informacije iz DUZS Cert obavi
,Profesionalni Intervju“ (nije ispit ©) sa
predstavnikom ovlaS¢enog tela

4. Preuzimanje certifikata u DUZS Cert
Sertifikovana osoba se mora pridrzavati lIW pravila

o profesionalnom pona$anju. U slu¢aju da to ne
ucini, sertifikat se moze opozvati.

tako da izdati

Literatura

1. L. Quintino, R. Ferraz, I. Fernandes, T. Jessop
DEVELOPMENTS IN EUROPEAN AND
INTERNATIONAL TRAINING AND
CERTIFICATION IN WELDING , Zavarivanje i
zavarene konstrukcije (4/2008) str. 131-145
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DUZS-CertPers

PRIJAVA ZA SERTIFIKACIJU OSOBLJA

Ime Prezime

Adresa Telefon E-mail adresa

Podaci o nosiocu IIW/EWF diplome
Zvanje Broj diplome Datum sticanja diplome | Datum rodjenja

Zelim da se prijavim za sertifikaciju i prilazem dokaz o nadoknadi svih trokova sertifikacije. Moj
CV je prikazan u predloZenoj formi. Saglasan sam uslovima sertifikacije koji su naznaceni u
napomeni ove prijave.

Potpis: Datum:

2.1ZJAVA OD STRANE POSLODAVCA

Dole potpisani potvrduje da su po njegovom saznanju navedene informacije u ovoj prijavi tacne.
(Ovaj odeljak mora biti potpisan od strane rukovodioca ili direktora odgovornog za aktivnosti
zavarivanja )

Ime i Prezime:

Zvanje:

Potpis: Datum:

Preduzece:

NAPOMENA: U slucaju da je kandidat samozaposlen, ovaj odeljak mora biti popunjen od strane
odgovarajuceq predstavnika ili nedavnog klijenta.

3. IMENOVANJE GARANTA

Navedite ime odgovarajuc¢e kvalifikovane osobe (poZeljno Intrenacionalni/Evropski inzenjer
zavarivanja ili Intrenacionalni/Evropski inspektor zavarivanja). Ova osoba moze biti pozvana da
potvrdi vadu kompetentnost za vrstu sertifikacije koju traZite.

Ime i prezime:

Adresa:

E-mail /telefon:

Broj IW/EWF diplome (ili druga kvalifikacija):
Poslodavac:

Zvanje:
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DUZS-CertPers

KLUCNE RECI ZA DEFINISANJE OBIMA AKTIVOSTI/ RADNOG ISKUSTVA (gde je
primenjivo)

MATERIJALI

C-Mn €elici, normalizovani i termomehanicki valjani ¢elici

Cr-Mo (-Ni) Celici

Feritni/martenzitni/austenitni/dupleks celici/€elici sa visokim udelom nikla
Legure aluminijuma

Legure bakra

Legure nikla

Legure titana i cirkonijuma

Drugi moraju biti naznaé&eni

VRSTE PROIZVODA

Avio i svemirska vozila

Avio motori

Sinska vozila

Velike posude za skladistenje
Male posude za skladistenje
Masine

Automobili

Mostovi

Dizalice i mehanitka oprema za rukovanje
Gradeviska i rudarska oprema
Velike posude pod pritiskom
Male posude pod pritiskom
Oprema pod pritiskom
ElektriEne masine

Oprema za domacinstvo
.Offshore” konstrukcije (morske platforme)
Transportni cevovodi
Industrijski cevovodi
Brodogradnja

Celicne konstrukcije

Drugi moraju biti naznaceni

POSTUPCI ZAVARIVANJA

Gasno

MMA — REL Ruéno elektroluéno zavarivanje oblozenom elektrodom
MIG/MAG - Elektroluéno zavarivanje topljivom elektrodnom Zicom u zastiti gasa
TIG - Elektrolu¢no zavarivanje netopljivom elektrodom u zastiti inertnog gasa
Plazma

SAW — EPP Elektroluéno zavarivanje pod praskom

EB - Zavarivanje elektronskim snopom

Laser

Otpor (elektriéni)

Trenje

Zavarivanje vijaka (goli vijak, kratak stubic, ,bolcni”)

Drugi moraju biti naznaceni

0OBR-23, Rev 0 DUZSCertPers T
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MARKETING ADVERTISING

CASOPIS ZAVARIVANJE | ZAVARENE KONSTRUKCIJE
Cenovnik oglasnog prostora u cetiri uzastopna broja 2018

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 - 39 000 23 000 16 000 10 000
o kolor 105 000 75000 - - - YASKAWA SLOVENIJA
® U cene nije uracunat PDV 20%.
m  Objavljivanje oglasa u samo jednom broju iznosi 30% od datih cena. HONEX
B Reklamni tekstovi: 25 % od cene povrsine crno/belih oglasa.
m  Dostava materijala: ELIMP
e zacrno-beli film ili CD (Adobe Photoshop / CoreIDRAW);
o zakolor film ili CD (Adobe Photoshop / CorelDRAW); MESSER TEHNOGAS
e izrada filma sa CD: 10 % od cene angazovanog prostora.
B Naweb prezetaciji DUZS-a, (www.duzs.org.rs), na strani Marketing, objavljuje se NEMINIK
pregled firmi-oglasivaca sa podacima o glavnim grupama proizvoda/usluga i
adresom web prezetacije. Svi posetioci nase web prezentacije mogu da posete i web
prezentacije oglasivaca, preko aktivnih linkova koji se nalaze na ovoj stranici!
WELDING & WELDED STRUCTURES, Quarterly review
Advertising prices for four successive numbers in 2018
A4 2/2 11 1/2 1/4 1/8
_______________________________________________________________________|
dimensions 2x
(mm) 210 x 207 210 x 297 180 x 120 90 x 120 90 x 60
v black/white - 840 432 336 240
=)
w colour 2640 1680 - -
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 2018, gOTINU ..........cocooveeieieieeeeseeeeeet ettt e, 3.500 dinara

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

2. CASOPIS "ZAVARIVANJE | ZAVARENE KONSTRUKCIJE" - 2018. 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 2016. GOINU ........evveiriuririries ceeie et e 500 dinara

= cena pojedinacnog broja za prethodne GOINE. ...........eiiiiiiiiii e 250 dinara
b) beneficirane cene za ¢lanove DUZS:

= cena pojedinacnog broja za 2017. godinu (pouzecem ili Preuzimanjem) ............ccoevvureriieiiieniiiiie 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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