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ABSTRACT

Applied research of automatic submerged arc welding for welding specific materials has real and scientific
importance. Experimental implementation of the welding process of Q345B high-strength low-alloy steel with square
groove butt joints presented suitable welded parameters for further study. In this study, the parameters for the
welding process were obtained from investigating documents and preliminary experiments. Through the initial survey,
some parameters were fixed and welding processes were carried out with input elements, and then the output
parameters were evaluated to identify the essential parameters of the welding processes with a 419.5 A welding
current and a 16 m/h welding speed. Based on the parameters from the experiments, calculations were performed to
determine the welding processes with concrete specimens. Several essential evaluative methods were utilized to
evaluate the welded quality such as the tensile test, macrostructure test, and microstructure test. In addition, initial
results from the application of the automatic submerged arc welding for an equivalent sample of the machine part
were presented.
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M6t s6 két qua nghién cibu vé mai han giap moi cia thép Q345B
khi str dung han tw dong dwéi I&p thuoc

TOM TAT

Nghién ctru (r’ng dung c6ng nghé han tw dong dudi I6p thubc cho vat liéu cu thé cé y nghia thuc tién va khoa
hoc. Thuc hién thi nghiém cho qua trinh han thép hop kim thap do bén cao Q345B v&i mébi han giap mdi khong vat
mép va cé khe hé& da dwa ra dwoc nhivng théng s6 han phuc vu cho nhirng nghién ctru tiép theo. Trong nghién ctru
nay, qua nghién ctru tai liéu va thwe nghiém so bd da xac dinh dwoc mét sb thdong sb cho qua trinh han. Qua qua
trinh khao sat bwéc dau, cd dinh mot vai thong sbé va thuye hién quéa trinh han véi thong sé dau vao va danh gia théng
sb diu ra dé& nhan dwoc thong sé can thiét cho qua trinh han véi gia tri clia cuwdng dd dong dién la 419,5 A va tbc do
han 1a 16 m/h. Dua trén cac thong sé tiv thi nghiém va tinh toan, thwe hién qua trinh han véi nhixng mau cu thé. Mot
sb phwong phap can thiét d& danh gia chét lwong cia mdi han da dwoc sir dung nhu thir kéo, kiém tra cAu tric thd
dai va cAu tric té vi. Ngoai ra, 'ng dung céng nghé han ty dong duwéi I6p thube cho cac mau cé hinh dang gibng chi
tiét may da thu duwoc mot s két qua.

T khéa: Han giap méi, han tw dong dwéi Iép thude, thép Q345B.

1. INTRODUCTION

There are various materials that can be
applied for manufacturing machine parts. These
machine parts are manufactured by vastly
different welding technologies such as metal
inert gas (MIG) welding, metal active gas
(MAG) welding, (TIG)

tungsten inert gas

welding, submerged arc welding (SAW), friction
stir welding (FSW), and flux core arc welding
(FCAW). Automatic submerged arc welding
(automatic SAW) is one of the technologies that
is widely used (Karaodlu et al., 2008; Ngo Le
Thong, 2009). This is an ideal method for
enhancing the welding quality (Karaodlu &
Secgin, 2008; Ngo Le Thong, 2009). For
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different welding types and different materials,
the formulae related to the welding domain can
found in previously published documents but
these must be combined with experimentation
to find the reasonable values (Reddy, 2013; Vu
Van Ba, 2015).
welding and suitable equipment are combined
for surveying solderability when carrying out
the welding
applicability of concrete metal materials.

High-strength low-alloy (HSLA) steel is
utilized to enhance the mechanical properties
ability  instead  of
conventional carbon steel because this steel is

Automatic submerged arc

processes and evaluating

and anti-corrosive

manufactured to meet concrete demands about
mechanical properties when the work is not too
concerned about
comparison with carbon steel, HSLA steel has a
much higher durability than carbon steel with
the same carbon composition (Nghiem Hung,
2010). This applications in
manufacturing various machine parts such as
brackets and bodywork, agricultural mechanical
parts, and pipe and pressure vessels (ASM
International, 2001; Tran Van Dich et al., 2006;
Ngo Le Thong, 2009; You et al, 2016).
Moreover, HSLA steel has good solderability so
it is often applied in manufacturing welding
structures (Ngo Le Thong, 2009; You et al.,
2016). From the various types of HSLA steel,
Q345B has good mechanical properties and can
be applied in different fields with specific
welded structures (You et al., 2016). In addition,
based on published documents about materials
used for manufacturing machine parts and
specifically agricultural machine parts, Q345B
steel was utilized in this study.

chemical composition. In

steel has

A butt joint is one of fundamental welding
types that has been widely employed for
manufacturing machine parts. In order to

reduce preparatory time and cost before
welding, the square groove butt joint was
chosen for this study. The automatic submerged
arc welding process has several factors that will
affect the shape and dimensions of a weld
(Karaodlu & Secgin, 2008; Ngo Le Thong, 2009).
In this study, two main factors, namely the

welding current and welding speed, were
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investigated with the square groove butt joint
type using Q345B HSLA steel and other factors
referenced from the literature (Blodgett et al,
1999; Kumanan et al., 2007; Lincoln Global Inc.,
2014). In the laboratory, preliminary experiments
were implemented to define the research zones of
the welding current and welding speed.
Conventional output parameters involving the
penetration depth, excess cap height, and weld
cap width were referenced from Karaodlu &

Secgin (2008) and Reddy (2013).

In order to reduce the time and cost for
preparing specimens before welding, specimens
for the experiments were often simplified but
still maintained good requirements for these
experiments. The results from this study in co-
ordination with further calculations can be used
to weld machine parts including agricultural
One kind of
agricultural machine part is shown in Figure 1.

machine parts and others.
The wheels of this machine are shown in Figure
1c with the dimensions of 300 mm and 70 mm
in diameter and width, respectively. In addition,
the thickness of the materials used in the weld
was bmm. From the speed of the welding head
of the welding machine we could calculate the
speed of the machine part and the application
process for this machine part was implemented.
The wire was set at the 12 o’clock position, but
we were not concerned about other positions of
this wire although these positions will have an
effect on the shape and dimensions of this weld.
There are some differences between agriculture
machine parts and other machine parts in
terms of working conditions that affect the
working capacity and duration of these parts. In
besides the
elements which have influence upon these

other affect
parts differences in

the working process, simple

parts, some elements will

agriculture such as
humidity, flexibility, resiliency, hardness, and
abrasiveness of the ground. Based on these
factors, the application of materials and
technologies were always of concern when these
parts were manufactured. Moreover, for general
butt joints, this study will provide support for the

application process and further research.
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Note: a - Cultivator; b - Potato harvesting machinery; c - The structure of wheels.

Figure 1. Parts of agricultural machines with butt joints

-

!

Note: a - Root gap before welding; b - Weld cap width; ¢ - Excess cap height; h - Penetration depth.

Figure 2. Dimension parameters of the welded joint

In order to obtain essential results, the
authors utilized software including Minitab
17.3.1 and Modde 11.0.1 combined with the
planning of these experiments. The experiment
plan was conducted according to Nguyen Van
Du & Ngo Dang Binh (2011) and Giang Thi Kim
Lien (2009). These software programs provided
support in building graphs and determining the
effects of the welding shape parameter and
welding dimensions.

2. MATERIALS AND METHODS
2.1. Research materials

Several documents (TCVN 5403:1991, An
American National Standard, 2007; Ngo Le
Thong, 2009; Sulaiman et al., 2011) have already
published suitable specimen dimensions for
welding experimental processes of Q345B HSLA
steel (Figure 3 and Figure 4). For Q345B HSLA
steel, the chemical composition and mechanical
properties were presented in the article of Tran
Van Dich & Ngo Tri Phuc (2006). The reported
chemical composition of the materials were
C<02,Mn=1+1.6,81<0.55,P<0.04, S<0.04,
V =0.02 + 0.15, Nb = 0.015 + 0.06, and Ti = 0.02
+ 0.2 (mass %). The mechanical properties were

as follows: tensile strength o, > 470 MPa, yield
strength o, > 345 MPa, and elongation 8 = 21%.
Automelt A55 welding flux (Ador welding
Limited, 2015) combined with EL12 low carbon
steel wire with the diameter 1.6 mm were used
following the AWS F6A2/F7A0-EL12 standard.
In addition, an autotractor-630-1 welding
machine with armada-630 welding source was
utilized in this study.

The dimension parameters of the butt joint
are shown in Figure 2 and the welding model
chosen had a with small gap, no padding, no
bevel, and a metal thickness of 5mm.

2.2, Methodology
2.2.1. Experimental Model

During the welding process,
factors influence the shape and dimensions of
the welded joint. In order to determine these
factors, the concrete parameters were found
from the application of formulaic and
experimental processes, and then applied in
the welding machine parts. Based on all the
parameters that have been researched before,
the chosen factors to investigate were the
welding current (I,) and the welding speed
(V,). Other factors such as the welding voltage

various
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and diameter of the wire were determined
based on published documents, the welding
machine, and preliminary tests. The typical
factors for the shapes and dimensions of
welded joints were evaluated involving
penetration depth (h), excess cap height (c),
and weld cap width (b). From the steel plates
shown in Figure 3, the build-up model for the
welding process 1s indicated in Figure 4.
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Planning of the experiment method was used
to establish the regression function in order to
determine the relationship between the

concrete welding parameters (I,, V,) and the
three dimensions of welded joint (h, c, b). The
factors in the polynomial regression function
were determined by analyzing the regression
using Minitab software as an alternative
method for variance analysis.

Figure 5. Experimental welding process
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Note: a - The front side of the welded joints; b - The back side of the welded joints.

Figure 6. A selection of specimens for the visual and dimension test
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Figure 7. Method for cutting test-pieces from the procedure approval plate

2.2.2. Welding experiments

The experiments were divided into two
steps: before welding and welding process, and
after welding. The before welding and welding
process (Figure 4 and Figure 5) involved the
preparation for the build-up model, making
adjustments in the calculation and selection of
the welding parameters, and the implementation
of the welding experiments based on specimens
prepared. The after welding process (Figures 6,
8, 15, and 16) involved cleaning the specimens
and preliminarily checking the welded joint, the
preparation of the standard experimental pieces
for the testing process, and testing the welding
quality of the pieces. The method for cutting the
test-pieces from the procedure approval plate is
presented in Figure 7.

2.2.3. Evaluation of the weld quality

The standard methods for the mechanical
testing of welds are indicated by the American

National Standard (2017). Standards are
defined and illustrated in sections related to
the bend test, tensile test, hardness test, break
test, shear test, fracture toughness test, and
visual test. Some of these tests are often
utilized for evaluating weld quality including
the visual test, dimension test, tensile test,
and structural test (macrostructure test and
microstructure test). The macrostructure test
involves cutting the test pieces, and then
surface before
show the
joint. The
microstructure test involves the preparation of

grinding and etching the
photographing the pieces to

macrostructure of the welded

the test pieces to analyze the microstructure
test zones: weld bead, heat affected zone, and
unaffected base metal. The pieces for the
tensile test are shown in Figure 8 based on the
American National Standard (2017). The
thickness (T) and width (W) of the piece were
5mm and 38 £ 0.25mm, respectively.
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THESE EDGES MAY BE THERMALLY CUT

THIS SURFACE MACHINED,
PREFERABLY BY MILLING

10 in (250 mm) APPROX, ————

1/4in
—-IT |-P {6 mm)

D T T
S’ 1
1/4in ;r_ — }—— 174 in {6 mm} MIN. {TYP}

1in {25 mm) R MIN.

Figure 8. Transverse rectangular tension test piece

Table 1. The values and upheaval range of the input parameters

Input parameters

Variable
Parameter xi: Iy (A) Parameter x,: Vi, (m/h)
Upper level (Zi= +1) 430 19
Basic level (Z;= 0) 420 17
Lower level (Z;=-1) 410 15

Upheaval range £X; 10 2

Conventional output parameters (yi):

3. RESULTS AND DISCUSSION

y; — Penetration depth, h (mm);

3.1. Experiments to determine the

y, — Excess cap height, ¢ (mm);

y3; — Weld cap width, b (mm).

The results of the research and literature
published by Yang et al. (1993) and Kumanan
et al. (2007), and based on the results of the
preliminary experiments indicated that the

parameters of the automatic submerged
arc welding process

In order to reduce the time for preparing
specimens before welding, the authors chose the
welding model shown in Figure 4.

Stick out of electrode: 30 mm (Blodget et
al., 1999)

Voltage: 25V

Welding parameters were based on the
welding literature (Ngo Le Thong, 2009),
guidance  from the  welding  machine
manufacturer, and preliminary experiments. In
the laboratory, after the preliminary experiments,
the research zones of the welding current and
welding speed were determined. The research

welding dimensions (penetration depth, excess
cap height, and weld cap width) depended on
the factors of the welding conditions (welding
current and welding speed):

Equivalent function:
Vi= apt aiX; + asx, + a;,%X, (3.1)

Based on the expected model with first-
authors set the

order linearity, the

experimental points

zones are shown in Table 1: N > 2k = 22 = 4, with k being a survey

X, = 410-430A; variable. Table 2 shows the experimental

x,= 15-19 m/h, rna‘?rlx with both the real variables and code

. ) ) variables. In order to enhance accuracy, each
Conventional input parameters (main

experiment was carried out three times and the

parameters — x;):
x; — Welding current, I, (A);
X, — Welding speed, V,, (m/h).
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average values were calculated (Table 3). In
addition, Table 4 illustrates the results of three
experiments which were implemented at center.
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Table 2. Experimental matrix

Real variable

Code variable

No.
Ih (A) x4 Vi (m/h) xo Z4 Z,
1 410 15 -1 -1
2 430 15 +1 -1
3 410 19 -1 +1
4 430 19 +1 +1
5 420 17 0 0
6 420 17 0 0
7 420 17 0 0
Table 3. Experimental results
Welding parameters Output parameters (mm)
No. Note
In (A) Vi, (m/h) h c b
1 410 15 4.3 1.9 13.5
2 430 15 5.7 3.2 14.3
3 410 19 3.5 24 11.4
4 430 19 5.1 3.6 12.0
Table 4. Experimental results at center
Welding parameters Output parameters (mm)
No. Note
In (A) Vi (m/h) h c b
1 420 17 3.9 2.7 12.6
2 420 17 4.6 3.3 11.9
3 420 17 4.2 2.8 12.8
(Average value at m times of measurement) 4.23 2.93 12.43
Table 5. Regression factors from the experimental process
ao ai az an
h(y:) 465 0.75 -0.35 0.05
c(y2) 2.775 0.625 0.225 -0.025
b(ys) 12.8 0.35 -1.1 -0.05
Utilizing Minitab 17.3.1 software, we y, (h) = 4.65 + 0.75x, — 0.35%, + 0.05x,X,

determined the factors of the experimental
regression function with the general equivalent
function (3.1). Table 5 shows the values of the
regression factors from the experiments with
penetration depth (h), excess cap height (c), and
weld cap width (b).

From the results above we obtained the
experimental regression equations:

(3.2)
v, (¢) = 2.775 + 0.625%, + 0.225%, — 0.025%,x,

(3.3)
y5 (b) =12.8 + 0.35%; - 1.1x, - 0.05%;%,

(3.4)

Based on the results from the Minitab
17.3.1 software, the experimental regression
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equations when excluding all values that have p y1 = 4.65 + 0.75x, — 0.35%,
much larger than significance level a (0.05) are vy = 2.775 + 0.625%; + 0.225%,

as follows: y; = 12.8 + 0.35%; — 1.1x,

b
[ ] <115
W15 - 120
I 120 - 125
125 - 130
130 - 135
| 135- 140
[ ] > 140

[ ] <
Il 200 -
M 225 -
I 250 -
275 -
I 3.00 -
M 325 -
[ ] >

2.00
225
250
275
3.00
325
3.50
350

Figure 11. Simultaneous affection of I, and V,, to excess cap height (c)
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Figure 9, Figure 10, and Figure 11, and the
experimental regression equations (3.5, 3.6, and
3.7) show the results related to the welding
parameters and welding dimensions. The
welding current (I,) and welding voltage (V)
factors simultaneously affected penetration
depth (h) and welding cap width (b) in the
opposite direction (+0.75 and —0.35, respectively
for h, and + 0.35 and — 1.1, respectively for b). This
means that increasing I, and decreasing V,
resulted in increases in h and b, and conversely,
decreasing I, and increasing V, resulted in
decreases in h and b. On the other hand, the
factors I, and V, simultaneously influenced
welding cap height (c) in the same direction
(+0.625 and +0.225,

increase of I, and V, inducing a decrease of ¢, and

respectively) with an

conversely, a decrease of I, and V, inducing a
decrease of c.

The pieces cut from the experimental
specimens for testing the macrostructure were
used to determine the desired dimensions of the
welded joint, and the weld bead was evaluated
for ensuring that there were no hot toe cracks or
large deformations of the welded joint. The
penetration coefficient of the weld (inside shape
coefficient of the weld) is ¢, = b/h with a value
from 0.8 to 4, and an optimal value of ¢, from
1.3 to 2 (Thong, 2009). In addition, in order to
ensure an equally metallic transition from the
weld into the base metal, without a stress
concentration phenomenon, a decrease of the
weld deformation, or an increase of the strength
of the welded joint under dynamic load, the
value of the shape coefficient of the welded joint
(outside shape coefficient of the welded joint) is
often ¢, = b/c = 7-10 (Thong, 2009). Based on
the above information and the experimental
welding process, the correlation of the
penetration coefficient and the shape coefficient
of the welded joint, the experimental pieces and

Nguyen Huu Huong, Tong Ngoc Tuan

the experiences through the welding process
were evaluated to determine the desired
dimensions of the welded joint. The value of the
penetration depth, the welding cap, and the
12.5-
13.5mm, and 2.0-3.0mm, respectively, as shown
in Table 6.

Using the “Optimizer” tool of the Modde
11.0.1
regulation parameters suitable for the desired
dimensions (MKS Umetrics, 2014; Vu Van Ba,
2015). The input parameters with the verified

excess cap height were 4.5-5.5mm,

software determined the welding

research zones and the desired dimensional
parameters were entered in this software
program. Then, this software figured out the
welding regulation parameters of I, and V.
According to the variation ranges of the input
parameters of I, and V, indicated in Table 1, the
desired dimension ranges of h, ¢, and b shown in
Table 6, and the number of experiments with
the results shown in Table 3 and Table 4, the
welding regulation parameters of I, and V, were
determined. The values, including the variation
ranges of the input parameters, the welding
regulation parameters, and the desired
dimension ranges, are shown in Table 7. From
Table 7, the values containing I, and V,
obtained from Modde 11.0.1 software were
about 419.5 A and 16.2 m/h, respectively. In
addition, of I, and V,

determined, the values of h, ¢, and b were also

with the wvalues

indicated as approximately 4.6 mm, 2.7 mm,
and 13.0 mm, respectively.

Figure 12, Figure 13, and Figure 14 show
the minimum values, maximum values, and
results at the center (target) as the I, (x;) and
V.(x;) values changed in the research zone. In
addition, the desired dimension ranges from
Table 6
maximum, and target values are shown in
Figure 12, Figure 13, and Figure 14.

in proportion to the minimum,

Table 6. Desired dimension ranges of the welded joint

Penetration depth (h)

Welding cap width (b)

Excess cap height (c)

45+55

125+13.5 2+3
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Table 7. Welding parameters based on the desired dimension ranges of the welded joint
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Figure 12. Simultaneous affection of V,,

and I, to penetration depth (h) with desired dimensions

3.2. Evaluating the welding quality

3.2.1. Tensile test

One of the methods for evaluating the
welding quality is the tensile test. The pieces
were cut with the standard dimensions as
shown in Figure 8.

Figure 15 shows the pieces after the tensile
test. These pieces were broken at the position
between the weld bead and the heat-affected
zone. This matter could be explained because

282

the arc temperature was too high for the
participation of the base metal in these welds
and also the diffusion of the weld bead into the
base metal increased. These problems above
induced a reduction of the tensile strength. On
the other hand, because the shape coefficient
was smaller than seven, the transition process
of the weld bead into the base metal was not
equal and thus, the stress concentrations
increased (Ngo Le Thong, 2009). From the
tensile strength test, the average fracture load



of the welds was approximately 83.0 kN in
these experiments. If the welded zone was
assumed from the inserted zone of the
experimental pieces, the weld strength was
about 425 N/mm?® The strength value of the
weld per welded zone was slightly lower than

the value of the base metal.

3.2.2. Macrostructure and microstructure
tests

Macrostructure Test: After the welding
process, the pieces for the macrostructure test

Response Contour Plot - Untitled (MLR)

c [mm]

Nguyen Huu Huong, Tong Ngoc Tuan

were made by a simple cutting machine. These
pieces were sharpened flat and shined using
different sandpapers. After that, the pieces were
etched with an etching solution made up of 4
percent nitric acid in alcohol, and the pieces were
washed and desiccated. Based on the preparation
process above, the zones of the welded joint
including the weld bead, heat affected zone, and
unaffected base metal were distinguished. The
specimens were welded with the parameters that
were calculated from experiments, and toe cracks
and slag did not appear on these welds.

c [mm]

410 412 414 416 418

420
lh 1Al

422 424 426 428 430

Figure 13. Simultaneous affection of V,,

and I, to excess cap height (¢) with desired dimensions

Response Contour Plot - Untitled (MLR)

414

416 418

b [mm]

b [mm]

420
Ih TAT

12.5

422 424 426

Figure 14. Simultaneous affection of V,,

and I, to welding cap width (b) with desired dimensions
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Figure 15. Pieces after the tensile test

Figure 16. Pieces for the microstructure test

V3

Figure 17. Microstructure survey zones of a welded joint

B s 78 T g glel L sl AP 3

V1

Figure 18. Microstructure of the unaffected base metal zone (V1)
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Figure 20. Microstructure of the weld bead zone (V3)

Microstructure test: The pieces for the
microstructure test were cut using a CNC wire
cutting machine so that no heat-affected
phenomena would appear on the surface of the
pieces. The test pieces and testing process were
implemented in laboratories.

Figure 17 shows the three microstructure
survey zones, namely the unaffected base metal
zone (V1), heat-affected zone (V2), and weld
bead zone (V3). The microstructure of the three
zones contained ferrite and pearlite in the
unaffected base metal, ferrite and bainite in the
heat-affected zone, and grain boundary ferrite
and bainite in the weld bead as shown in Figure
18, Figure 19, and Figure 20, respectively. The
microstructure of the unaffected base metal
(V1) was ferrite and pearlite with the metal
grains disposed relatively equally, and having
no steady guide. This was a result of the heat
treatment process. The microstructure of the
heat-affected zone (V2) was ferrite and bainite.
At this zone, the grain dimension increased a

great deal when compared with the grain
dimension of the unaffected base metal zone.
From the microstructure, we could discover that
the heat affected area in this zone and the
metal contexture was of the overheated style.
The microstructure of the weld bead (V3) was
grain boundary ferrite and bainite. The ferrite
contexture of the weld bead was a light grain
with a multidirectional shape and a bainite
established
crystallizing process. In the microstructure test

contexture was from the
process, the ferrite contexture thrust through
the bainite contexture and occurred beside this
contexture. The structure of the bainite had
different direct lines consisting of bright-lines
and dark-lines, so the structure of the bainite
type.
metallographic examination indicated that the

was a  striated Moreover, the
microstructure of the steel appeared to be a
bainite contexture, and the slag and porosity
phenomena did not happened. This could be

explained because of the slow welding speed.
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3.3. Application for welding a concrete
sample type

Figure 18 shows the model of the welding
process for agricultural machine parts.

Figure 19 shows the welding process with
the parameters obtained from the experiments
above, and a sample received after this process.
In this welding process, the wire was set at the
12 o'clock position. Based on an initial
evaluation using a visual test, the welded joint
was relatively stable, not undercut, and there

were no toe cracks.

ARMADA-630 |

4. CONCLUSIONS

Based on theoretical research, equipment,
submerged arc welding, real
materials, and welding experimental processes,
specific welding parameters to weld Q345B with
a concrete depth were determined. Specific
methods for evaluating quality including the
macrostructure test, microstructure test, and
tensile test of square groove butt joints were
chosen. The results of this study can provide
essential information for further investigation
about this material and its application in
manufacturing machine parts.

automatic

Welding car

welding source w J Switch

Machine part
tvpe for welding

process

Connected cable between
welding source and
welding machine

Fixture and
accessories

Figure 18. Model of the welding process for agricultural machine parts

Figure 19. Welding process with sample based on fixture manufactured
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