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ABSTRACT

Modern trends of research and development of new products are focused on
saving materials through mass reduction of various parts, so the high stren-
gth steels (HSS) are used more often than the conventional low-carbon
structural steels. It is well known that the HSS's high strength is providing
the possibility for parts to be produced with smaller dimensions and cross-
-sections. This often results in the weight decrease of parts and whole structu-
res. Here are presented results on an attempt to replace commonly used, low-
-carbon, structural steel $235]R, which has good weldability, with high stren-
gth steel, in industry of heavy machinery. The main objective is weight
reduction while keeping the adequate load carrying capacity and reliability
of structures. The structural steel P460NL1 was analyzed, as well as advan-
tages and disadvantages of HSS application, complexity of selecting the ade-
quate welding method, filler materials and welding technology.

ABSTRAKT

Moderné trendy vyskumu a vyvoja novych vyrobkov sa zameriavaji na aspo-
ru materialov prostrednictvom zniZovania hmotnosti roznych €asti, preto sa
vysokopevnostné ocele (HSS) pouZivaji EastejSie ako beZné nizkouhlikové
konstrukéné ocele. Je dobre znime, Ze vysoka pevnost HSS poskytuje moz-
nost vyroby dielovs men$imi rozmermi a prierezmi. To éasto vedie k zniZeniu
hmotnosti dielov a celych konstrukcii. Tu sl prezentované vysledky pokusu
o nahradenie bezne pouZivanej nizkouhlikovej konstrukénej ocele S235]JR,
ktora ma dobri zvaritel'nost, vysokopevnostnou ocel'ou, v priemysle tazkych
strojov. Hlavnym ciel'om je zniZenie hmotnosti pri zachovani primeranej nos-
nosti a spol'ahlivosti konstrukcii. Analyzovala sa kons$trukéna ocel P460NL1,
vyhody a nevyhody pouZitia HSS, zloZitost vyberu vhodnej metédy zvarania,
pridavnych materialov a technologie zvarania.

Keywords: An analysis of the possibility to replace the low car-

bon construction steel S235]R with the high-strength
high strength steels, steel PA60NL], is presented in this paper, i.e., all the
S235]R, P460NL1, advantages and disadvantages of using this HSS and

selection of adequate welding technology, were con-
sidered.

welding, weldability

PROPERTIES OF THEHIGH STRENGTH STEEL

Steel P460NL1 is a fine-grained steel intended for the
production of vessels and pipes under pressure, Due
to its high strength, it belongs to the category of
high-strength steels, The chemical composition of
this steel is shown in table 1 and its mechanical pro-
perties in table 2 [1-3),
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Selecting the most favorable welding technology isa
complex technical and technological problem, which
requires collecting and using a large amount of in-
formation and data for the base metal (BM) to be wel-
ded. That allows getting a broader picture of its be-
havior in different conditions. In addition to the
chemical composition in the specific case, it is nece-
ssary to know whether it possesses the ability to form
welded joints, i.e., its weldability. Further, the prone-
ness of the steel in question to appearance of the cold
cracks must be checked, as well. One of the most
important tasks is selecting the appropriate filler
metal (FM) for each base metal used. That selection
depends on the type and grade of a particular steel,
as well as on which properties of the welded joints
are the most important in a certain structure, whe-
ther that is the weld's strength, or hardness or resi-
stance to corrosion, or cracks.

The weldability of steel materials can be investigated
in different ways, and in this paper, results are pre-
sented of the steels’ weldability assessment obtained
by applying computational/empirical expressions
[4-7].

The assessment of weldability according to the Che-
mically Equivalent carbon (CE) criterion is perfor-
med according to appropriate formulas that differ
depending on the class of the steel being welded.
Those formulas use the steel’s chemical composition,
i.e,, the elements’ shares, expressed in percents.

For evaluation of the steel PA60NL1 weldability, the
equivalent carbon (CE) is calculated according to ex-
pression (1), [4]. The limit value of CE for this type of
steels is 0.3S.

Mn V
=Ct+ot—+3:.Ni 1
CE=Ctim+Z+3N. (1)

The CE value obtained for this steel was 0.392, which
is bigger than the limit value of 0.35; what implies
that this steel is conditionally weldable and that the
preheating is necessary for successful welding.

Scanned with CamScanner


https://v3.camscanner.com/user/download

For estimates of the steel's proneness to appearance
of the cold cracks one uses the formulas that also use
the shares of elements in the chemical composition
of the material. However, additional factors must be
considered, those being the influence of the materi-
al's thickness and the amount of the diffused hydro-
gen, which could enter the welded joint from the fi-
ller metal [4-6).

The formulas used are the following:

K = H
- \ h T - 3 2
P =Pou+ 75005 * 0.015 1095 for K <1300 (2

and % M
|:o,‘,=1aw¢4 +o.o75-|og§3—7 for K>1300  (3)

with

_auSi Mn+Cu+Cr Ni Mo+V 4
Pt e a ase Y

where K is the stiffness intensity, calculated as a
function of material’s thickness s, mm, i.e., K= 69 s,
N/mm; H is the content of the diffused hydrogen in
ml per 100 g of the weld metal (WM). The limit value
of P, is 0.24, which implies that if Php > 0.24 the ste-
el in question is prone to formation of the cold
cracks. Since the calculated value for the P4A60NL1
steel is 0.357; it means that it is prone to formation
of cold cracks. Thus, heat treatment is necessary for
obtaining healthy, crack-free welds.

The preheating temperature Tp is calculated accor-
ding to empirical formulas or materials manufactu-
rers’ recommendations, [4-7]. For steel PA60NL1 the
preheating temperature is calculated according to
the formula proposed by [4]:

(2)

T, = 1600-P, - 308, °C.

The calculated value is 263.2 °C, so the adopted value
was Tp =265 °C.

SELECTINGTHEOPTIMAL WELDING TECHNOLOGY

For the high-strength steel considered, it is necessa-
1y to select/define the most favorable, i.e., the opti-
mal welding technology, [8]. The starting point is the
choice of the welding procedure and appropriate
additional materials (filler metals), and in the previ-
ous part it was established that due to the tendency
of these steels to appear cold cracks, it is necessary
to apply supplementary measures for its successful
welding. For the considered steel, appropriate addi-
tional material was first selected, after which the test
welding was performed.

The test welding of P460NL1 steel was performed
using the MMAW procedure with preheating of the
welded parts to 265 °C to prevent the appearance of
cold cracks, The Galeb 70 electrode was used as a fi-
ller metal and the thickness of the welded samples
was 20 mm, (Slovenian Steel Group, d.d., Jesenice,
Slovenia, [9]). Tables 3, 4 and 5 present the chemical

Chemical composition [%]
(o} Mn S| pmnu Smu. Cfmm! Ni Al Cumu
0,20 1,62 0,41 0,008 | 0,001 0,13 0,47 0,02 0,18
Chemical composition [%]
Tlmnl Monml mem( V Sn.m ASmu Sbmuu CON‘
0,0029 0,02 0,002 0,1 0,014 0,009 0,001 0,001
Tab.1 Chemical composition of the high strength steel PAGONL1
Tab.1 Chemické zloZenle vysokopevnej ocelo PAGONL1
Mechanical properties
Rn Roni Ag Z KCV.soc | KCV.arrc HV
[MPa] [MPa] [%] (%] [J] (J]
725 473 19.2 38,0 32-35 42-45 | 207-210
" Mechanical properties of the high strength steel P460ONL1
Tab.2 Mechanické vlastnosti vysokopevnej ocele P460NL1
Chemical composition [%]
C Si Mn Ni Mo
0,10 0,90 1,50 0,70 0,20
Chemical composition of the electrode Galeb 70
Tab. 3 Chemické zloZenie elektrédy Galeb 70
Mechanical properties
Rm ReH As KV
[MPa] [MPa] [%] [J]
640-710 520-600 22-26 125-155
Tab. 4 Mechanical properties of the electrode Galeb 70
Tab. 4 Mechanické vlastnosti elektrody Galeb 70
Basic welding parameters
s @ D J U v q
[mm] [mm] [A] vl [mm/s] [kJ/mm]
2,50 90 23
20 1,46-3,80 0,70-1,78
3,25 130 25

Tab.5 Welding parameters for application of the electrode Galeb 70
Tab. 5 Parametre zvarania pri pouziti elektrody Galeb 70

composition of the electrode, its mechanical proper-
ties and the welding parameters, respectively.

EXPERIMENTAL SAMPLEWELDINGAND TEST

The welding of the test samples was carried out using
the previously described procedures. The objective
was to find out how would the welding influence the
original material characteristics of the selected HSS,
i.e.,, would it still be possible to use it as a substitute
for the low carbon steel S235]R, [14, 15).

The test samples of PA60NL1 steel were welded with
preheating of parts to 265 °C, due to the tendency for
cold cracks appearance in the heat-affected zone.
After the welding, appropriate samples were prepa-
red for testing the tensile strength and impact tou-
ghness,
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Fig. t Geometry of the specimen for the tenslle test of the PAGONL1 steel
Obr. 1 Geometnia vzorky na skddku tahom z ocele P46ONL1
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Fig- 2 Histogram display A
of the tensile test results Number of sample, *-welded sample
Obr.2 Zobrazenie vysledkov
skusky v tahu B Rp0 2, MPa @ Rm, MPa
Notch Base metal Middel of the weld
Sketch | B [ 7]
No: 1 2 3 1 2 3
KV,
(10 J/mm? 129 94 120 228 195 246

Tab. 6 Impact toughness test results for the P460NL1steel
Tab. 6 Vysledky skusok razovej huzevnatosti ocele PA60NL1
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Fig. 3 View of the microstructure of the P4A60NL1steel: BM a); HAZ b); WM c)
Obr. 3 Pohlad na mikroétruktiru ocele P460ONL1: a) ZM; b) TOO; c) ZK
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For the tensile testing of steel PA60NL1, prismatic
samples with flat sides were prepared from welded
plates, which were used to check the properties of
the base material and the welded joint, Fig, 1,

Standard V-notch samples were used for impact tou-
ghness testing of the base metals, as well as of the
welded joint with the V-notch on the weld's face,

Six samples were prepared for the tensile test, three
from the base metal and three from the welded pla-
tes, [16]. The results of the tensile test are shown in
Fig. 2 in the form of a histogram.

The obtained results of the tension test show that the
applied welding technology is suitable for the real
parts welding because the yield stress and tensile
strength values are close to or higher than the values
obtained for the base metal.

The results of the impact toughness test, (17], are
shown in Tab. 6 and they also indicate that the
applied technology can be applied for the welding
real parts because the toughness of the parts ob-
tained is significantly higher than the toughness of
the BM.

Metallographic tests were also performed for the
welded plates made of PA60NL1 steel. A fine-grained
ferrite-pearlite structure was observed in the base
metal (BM), a finely distributed ferrite-perlite struc-
ture in the HAZ, and a Widmanstetten structure with

| the presence of interphase structures was shown in

the weld metal (Fig. 3).

The hardness measurement results, [18], show slight-
ly higher values, however the obtained values are
certainly less than 350 HV, which shows that the
martensite formation did not occur (Fig. 4).

L[“A"n Teg Ko
TEELBY

EFFECT OF RE!
STRUCTURALS

The dimensions of the cross-sections of the parts are
calculated by applying appropriate formulas in
which the yield stress is most often a variable, and a
relation can be established between the yield stress
and the cross-section size of a part. The lower yield
stress of a material would require the larger cross-
-section of the part in order for it to withstand the
given load, and vice versa, the higher the yield stress,
for the same load, the smaller the cross-section of a
part. Considering that steel materials have the same
density, parts of the same length with an increase in
cross-sectional dimensions would have larger mass.
Therefore, it can be concluded that the mass of a
structure and the yield stress of the material are in-
versely proportional. The possibility of reducing the
mass of a welded structure is further shown on a
theoretical example.

A typical representative of the low-carbon structural
steels is S235]R, [1]. This steel is widely used in me-
chanical engineering, especially for production of
the welded structures. The main reason for this is its
good weldability (due to low C content), satisfactory
mechanical properties (R, =360-500 MPa; R, =235
MPa), as well as its low price compared to other
structural steels. This steel is also applied for produ-
cing the parts of the chassis of a railway wagon.

By using the steel, the yield stress value of which is
different from the value of the used steel, the dimen-
sions and mass of the parts would be different. It is
clear that the use of a stronger material results in a
lower mass of parts, and the yield stress ratio of the
original and new material can be used as an indica-
tor of potential reduction.
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Let the complex welded construction of a railway wa-
gon chassis be made of $235JR steel, the yield stress
of which is 235 MPa, then let its mass be marked as 1,
i.e, 100 %. The relationship between the yleld stress
of steel PAGONL1 and S235]R is Rp, " “ON/Rp S5 =
2,01. This means that with the use of PAGONL], the
expected mass of a structure is 2.01 times smaller,
i.e., it would be 49.75 % of the mass of a structure that
would be obtained from the S235]R steel.

It should be emphasized that the obtained result is
only a theoretical indicator; some parts, despite the
greater strength of the material, must have certain
prescribed dimensions, to achieve the appropriate
stiffness of a structure. However, this result shows
the potential benefits that can be realized by using
this HSS. By reducing the mass, energy efficiency
increases, fuel consumption decreases and the
amount of useful load on a structure can be in-
creased.

CONCLUSIONS

The global trend in industry is to decrease the weight
of structures, to reduce the fuel consumption, CO,
emissions, etc. One of the approaches to reduce the
mass of a structure is to replace classic carbon
structural steels with steels of increased strength
(HSSs). Since those steels are characterized by the
high strength values, which are the result of complex
thermo-mechanical procedures in ironworks, a gre-
at care must be taken when choosing the optimal
welding technology, due to the possibility of deteri-
oration of the HSS's’ properties due to the heat intro-
duced by welding.

In this work, the use of the high strength steel
P460NL1 was considered as a replacement for the
low carbon S235]R steel. The computational check of
weldability has indicated that the P460NL1 steel is
prone to the appearance of cold cracks. To avoid their
occurrence, the successful welding of this steels was
made possible with application of supplementary
measure - the heat treatment (preheating to 265 °C).
However, such a measure requires a significant eco-
nomic expenditure, so when choosing materials, it is
necessary to consider whether these costs are justi-
fied in relation to the potential benefits provided by
their use,

For the welding of the considered steel, additional
materials, welding parameters, as well as additional
measures for welding of a steel prone to cold cracks,
are proposed. The technology so defined was applied
to the test welds, From them, the samples were pre-
pared for tensile testing, impact toughness testing,
metallographic tests and measurement (distributi-
on) of hardness in the welded joint, The results of
those tests indicate that the proposed technology is
adequate and that it can be used to weld the real
Pparts in practice,

Finally, a theoretical example has shown the poten-
tials for reducing the mass of a structure, previously
made of S235]R steel, by using the HSS P460NL1, It
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shows that the mass of such a structure would be re-
duced 2,01 times. This result is theoretical only, sin-
ce the limitations, regarding the reduction of the
dimensions of the parts, still exist. Thus, the mini-
mum dimensions are set for individual parts, first of
all, to prevent excessive reduction of stiffness of a
structure as a whole. a
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