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Abstract. @m of this research is to analyze the mechanical properties and microstructure of
wear resistance steel plates joined by Submerged Arc Welding at different grooves welding.
The welding current of 300 Ampere, voltage of 28 Volt and travel speed of 38 cm/min was
applied. The microscopical examination metho ere used for weld zones. Impact toughness
and rockwell hardness test were obtained from the weld metal, heat affected zone and the base
metal samples. The fracture surfaces were examined by using optical microscope. As results,
there was no difference of hardness and microstructure among three grooves welding. The
significant differences were detected at the weld zones. Base metal had the highest hardness
value. Ferrite and pearlite phases were obtained at three weld zones, but the heat affected zone
had coarser grain structure than the base metal. Weld metal \fullm and electrode length
significantly affected the impact toughness of joint, where the larger of the weld metal volume
and length of electrode fill in the groove welding, the higher of impact toughness. The lowest
impact energy and toughness value were attained at V groove and the highest was at I groove.
The fracture surfaces at all groove welds showed ductile fracture dominantly.

1. %kgruund
The wear resistant steels are typically used in various challenging high-stress wear conditions, such as
mineral haulage and crushing, slurry transportation, dredging, demolition of concrete structures, and
forest industry. In many applications, the wear environment is very complex and contains different
wear mechanisms. Moreover, the wear resistant steels are not standardized and the generally used
hardness based grading does not completely describe nor predict their wear behavior [1]. Thus, well-
planned and multifaceted application oriented wear testing of the steels as a part of the material
selection process is highly recommended for achieﬂg a proper correlation to practical applications.
Sometimes, repairs of the wear resistant steels are required due to possible damage during during
application and service. These parts repairs which involv@@welding are particularly critical in
applications where high quality and/or precision are required. The submerged arc welding process is
commonly used for regEiring surface due to its easy applicability, high current density and its ability to
deposit multiple filler wire at the same time, especially in restoration of worn parts, which is of great
importance to manufacturers [2]. Submerged arc welding is suitable for welding of all weldable
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steels.The successful application of a welding the process mainly depends on the effective
understanding of the temperature distribution in the weldment that can be helpful to estimate the
evolution of the metallurgical microstructures and its subsequent influence on the mechanical
properties [3]. However, many premature failures of a component, such as micro-fissures and resiggal
stress corrosion cracking, are related to the microstructure and strength of the weld [4,5]. Thus, it 1s
important to evaluate the microstructure and mechanical properties of joints made from wear resitant
plate.

In the wear resistant carbon steels, the decomposition of austenite leads to textured microstructure
composed of ferrite and pearlite bands. This is connected to the higher concentration of manganese in
interdendritic regions that stabilize the austenite at lower temperatures. Consequently, ferrite grains are
preferably nucleated in regions with a low concentration of manganese. Additionally, the carbon is
segregated from the ferrite as it grows, concentrating on the regions of high manganese, where the
perlite is formed [6]. This microstructure usually contains elongated inclusions that are responsible for
the anisotropy of ductility and impact energy. Some properties m Iso be affected, such as: i-
machinability, ii- hydrogen-induced embrittlement, in particular,in the heat affected zone of weld
beads. The occurrence of heterogeneous microstructures (bands of ferrite and pearlite) may lead to the
breaking of teeth during the fabrication of gears in the forging process [7]. It is crucial to recognize the
microstructures of the weld zone in order to predict the hardness and impact toughness of the welded
joint.

In this experimental investigation and relevant analyses, the influence of groove welding on
mechanical properties of wear resistant plate was systematically investigated. In order to determine
these parameters; the current, voltage and wire speed between the applicable ranges were tried in the
welding laboratory, and then according to the penetration and visual tests the acceptable welding
parameters were selected. Thus, the microstructural and mechanical properties of submerged arc
welding (SAW) welds of 10 mm thick wear resistant steel plate according to the selected parameters
were found out, instead of comparing the different weld zones.

2. Materials ax@’lethuds

Wear resistance plates were welded by using submerged arc welding procesgpyor the microstructural
investigation, microscopical examination methods were used in weld zones (weld metal, heat affected
zone and base metal). Different samples obtained from the weld metal and the base metal, were
subjected to hardness and impact toughness tests. Fracture surfaces were examined by optical
microscope. Charpy impact toughness tests were made for the samples with three types of welding
grooves.

2.1. Materials
The material used #this study was wear resistance plates of 10 mm thick with three groove welding
types (I, V and U)‘ﬁble I lists the chemical composition (wt %) of the wear resistant plate.

Table 1. Chemical composition (wt %) of the wear resistant plate

C Smax Puax Cr Mn Mo
0.14 0.01 0.01 0.5 1.2 1.25
2.2. Welding conditions ?
The welding process for each groove was otomatic submerged arc welding with parameters as shown

in Table 2.

Table 2. Welding parameters of the SAW.
25
Voltage Current Welding speed Heat input energy
(V) (A) (cm/min) (kJ/em)
28 300 38 13.263

(5]
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Before welding, the samples were preheated at temperature of 100°C in order to prevent an initial
hardening on the heat affected zone and residual stress on the thick plates. Then, they were polished
with a brush and thoroughly washed with acetone to remove any greasy dirt and impurities.

The SAW process was realized automatically in the laboratory setting for hardness, impack
toughness and microstructural investigations by using reversed polarity and multilayer welding at V
and U grooves. For I groove, single layer of filling process was applied on two sides (upper and
lower) of surface with root gap of 2 mm.

2.3. Microstructural investigation

Submerged arc welded joints of wear resistant plate were cross-sectioned perpendicular to the welding
direction. In the first step, specimens were prepared with standard metallographic preparations like
grinding, polishing and etching with Picral (4gr picric acid + 100 ml ethanol) for 10-15 seconds at
room temperature. In the second step, the weld zones were investigated as micrographs by Optical
Microscope with magnifications of 20X.

2.4. Hardness

As an additional destructive test method, Rockwell C hardness measurement (HRc) was carried out
under a load of 150 Kg over cross sections on vertical (the welding centerline) and horizontal lines 1
mm distance between each indentation on metallographic specimen taken from each welded plate with
Tokyo testing machine type RH-3N MFG. The Figure | shows the point of hardness testing.

Figure 1. Test point of the hardness test samples ; (1). Heat Affected Zone (HAZ), (2).
Weld Metal (WM) and (3). Base Metal (BM)

2.5. Notch impact toughness test
The direct notch impact testing was implemented to all welded specimens with three groove types as
shown in Figure 2.

2.5mm 10 e 2.5 mm f1 l 10 mm
—ll— 10 mm
l 10 mm 2 mm
I
' 450 55 mm
l 10 mm
c 2.5mm T !
e 10 mm
2mm
19 55 mm !

Figure 2. Welded specimen with various groove types; a. V groove, b. U groove and c. [ groove
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3. Results and Discussions

3.1. Rockwell Hardness test

The hardness evaluation was made on metallography specimens for single layer (I groove) and
multiple layer (V and U grooves), in order to present results from the point of heat input effect on
hardness as shown in Figure 3.

50
O 40
iz
g 30 - ® | groove
mVgroove
5 207 mU zroove
s
T 10 -
0 -
WM HAZ BM
Weld zone

Figure 3. Hardness comparison among three welded zones: WM, HAZ and BM

In Figure 3, the variation of grooves welding are not contribute differences of hardness significantly
for each weld zones. However, the differences are clearly distinguished in comparing to the three weld
zones. Base metal hardness of the welds varied between 40.16 and 41.38 HRc and this value was the
highest among the weld metal zone and HAZ. This conditions is owing to occurring of
recrystallization condition and cooling rate. Besides, at the base metal zone, there was no heat atfect
occured at the samples and material compositions also influence the changes of hardness. The
hardness of HAZ (36-36.66HRc) are close to the base metal. The grain growth was observed in F?Z
due to during the welding process, the high heat transfer from the base metal through to the heat
affected zone until the austenite phase was formed and slowly cooling was taken place. Because of the
grain coarsening occurred at the HAZ interface, the hardness values were decreased. On the other
hand, minimum hardness values 30.38-31.05 HRc were measured at the weld metal.

3.2. Microstructural investigation
The microstructural examination on the samples of welded joint was carried out using Optical
Microscope and with 20x magnification. As displayed in Figure 4, ferrite (light color) and pearlite
(dark color) phases were noticed in all weld zones, but the base metal had finer grain structure than the
others. This fine grain structure lead to higher hardness of the base metal. The pearlite phase was
appeared dominantly in this zone. Meanwhile, the grain became coarse and ferrite phase become
visible primarily in HAZ. The change of grain size was probably because of hot operation during
welding process with lower cooling rate. Meanwhile, in the weld metal zone, the cooling rate become
lower till to room temperature and the phase tum into an initial phase. The ferrite phase be revealed
mainly with a clear grain boundary in the weld metal zone.

The grain size is a parameter which directly affects the mechanical properties of metals and alloys.
In fine grained materials, mechanical properties are high due to increase of grain boundary. During the
welding process, high temperature values in HAZ are observed because of the high heat input. The
grain coarsening is seen in the microstructure and also the mechanical properties decrease. At the same
time, the alloying elements in the structure of these steels form finely dispersed carbides. The
dissolution of alloy carbides takes place on account of the high heat input effect during welding. It
causes a reduction in mechanical properties. Additionally, because of the carbide dissolution, grain
boundaries are released and grain growth during welding becomes easier. It is seen that the micro
hardness results are compatible with the literature [8,9].
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Igroove V groove U groove

C.

Figure 4. Microstructure photograph of specimen with three types of groove welding: [, V and U
grooves at three welded zones: a. BM, b. HAZ and c. WM

3.3. Notch impact toughness test

In order to compare three grooves welding, 55mm = 10mm % 10mm test picces were used. The tests
were carried out at room temperature (~28°C). The notch impact values pointed out in joule/mm? are
presented in Table 3.

L
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Table 3. The impact test results of three groove welding samples

. o o IE Average IT Average

No | Specimen | () | B(O) | T(C) | yono | g (Jougie) (J/mm?) H(meif)
i U1 ) 205.96 274

2 U.2 63 | 28 [20410] 20534 [ 272 273

3 U.3 62 205.96 274

7 V.1 64 201.77 2.60

5 V.2 | 156 | 63 | 28 [20410] 20332 | 272 271

6 V.3 63 204.10 27

7 L1 30 265.60 354

g 12 28 | 28 [26825| 26648 [ 357 355
9 L3 30 265.60 354

The specimen with [ groove contributed the highest impack toughness values of 3.55 J/mm? and it
achieved the best absorbed energy about 266.48 J, following U groove (impack toughness of 2.73
J/mm? and absorbed energy of 205.34 J) and V groove (impack toughness of2.71 J/mm? and absorbed
energy of 203.32 J). Weld metal volume and length of electrode influence the strength and toughness
of joint crucially, especially for V and U groove samples. By increasing the welding metal volume and
length of electrode, the strength of welding become increase. However, these variables were not affect
to I groove sample. The highest impack toughness of I groove sample was mainly caused by the
welding process. During the welding process, filler metal was applied onto both sides (upper and
lower) of surface with root gap of 2 mm. It was carried out because at | groove, a penetration was not
trough the surface actually.

The fractured surfaces are presented in Figure 5. The I groove samples with high impact energy
showed almost fully ductile fracture (~89%) and , as shown in Figure Sc. The fractured specimens of
U groove (Figure 5b) had two different fracture surfaces in a ductile (~78.6%), and a brittle manner
over part (~ 21.4%) and its impact value was relatively lower. The V groove specimens gave the
lowest values, and it had smaller ductile zone about ~75% and broader brittle zone about ~ 25% , as
presented in Figure Sa.

Figure 5. Fracture surface of impack thougness of test samples with (a) V, (b) Uand (c) I grooves
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During the welding process of wear resistant steel plate, preheating, temperature between passes,
heat input should be controlled strictly in keeping with the declared standards, in order to keep away
from cold cracks and possible failures, and to achieve the required properties of welded structures.
Inadequate heat input mostly influences hardness and the strength of these structures. Moreover, the
hydrogen dissolution and residual stresses in the weld may result in cold cracks, while minimizing
deformability and enhancing sensitiveness to embrittlement [10].

Conclusions
e effects of groove welding on the microstructure and mechanical properties of wear resistant plate
were studied. The following are the main conclusions of this study:

1. By varying groove welding, hardnesses and microstructures of samples e not change
significantly. However, their changes were appeared at three weld zones (base metal, heat
affected zone, and weld metal)

2. The highest hardness was obtained at base metal zone (40.16-41.38 HRc) followed by HAZ
(36-36.66 HRc) and weld metal zone (30.38-31.05 HRc).

3. As microstructure investigation, the base metal had finer grain size than HAZ and weld metal.
The grain coarsening was occurred during the weld process because of the high heat input in
HAZ.

4. The highest impact energy and toughness value were attained at I groove and the lowest was
at [ groove. The fracture surfaces at all groove welds showed ductile fracture dominantly.
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