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Determination of the quality of welds produced by robotic welding
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Abstract: The paper focuses on the evaluation of the quality of fillet welds produced robotically by the method of impulse synergic welding
MAG. This welding technology is used in the automotive industry in the production of rear seat backs for passenger cars. In the process of
automated production, the speed of the process, accuracy, and quality of the made joints are important. Several factors affect the accuracy
and quality of welded joints. The paper presents the results of research where the influence of filleting of fillet welds on their quality was
confirmed. Visual and capillary methods were used to determine the quality of welds, metallographic analysis for evaluation depth of weld
root penetration, strength properties of welds were evaluated by static tensile test. Statistical ANOVA methods were used to process the
obtained values. Experimental work confirmed that the depth of welding of the weld root into the base material has the greatest influence on

the final quality of fillet welds. It is this parameter that results in the elimination of the weld and thus the entire produ ct.
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1. Introduction

The automotive industry struggles continuously with the need to
increase competitiveness and profitability. Due to their structural
importance, metallic components and systems represent a major
part of the weight of an automobile. These metal components are
connected by different technologies to create multiple subsets, to
get the final product. Therefore, several sets of metallic components
need to connect [1].

Welding is a joining process used to join two materials (usual
metals) by controlled coalescence of temperature and pressure.
There are many types of welding process developed for various
applications. Ensuring the weld quality with minimal cost and time
is of great importance in a manufacturing industry [1,2].
MAG/MIG, TIG, submerged Arc and laser welding processes are
those more commonly used in industrial applications [1,2]. It is
known that the welded joint of two components is the most
susceptible zone to initiate fatigue crack, significantly reducing the
component lifetimes [2]. In several cases, those welded connections
are subjected to repeated loading, which may lead to fatigue failure,
mainly high cycle fatigue regime, associated with many loading
cycles. Fatigue is the result of regular or irregular cyclic stresses
imposed on the component, that may lead to fatigue cracks initially
microscopic, that propagate to visible cracks, leading to the rupture
of the component [2]. Residual stresses along the welded joint
imposed by heating and cooling cycles may cause a decrease of the
fatigue life of welded components. The weld joint geometry also
has an important effect on the fatigue life of the structure. A
defective weld geometry may also increase tensions in the welded
joint. Weld joint geometry depends on the process and the operation
parameters (the welding energy, welding speed, voltage, electric
current, wire feed speed). In the MAG process, the welding speed
and energy are lower than those used on the laser process. Thus,
higher base material dilution, penetration and arear of the heat
affected zone can be expected. However, concentration of residual
stresses also increases [2].

Welding quality can be improved by proper welding automation
with aid of robots and online monitoring mechanisms. Automated
robotic welding is commonly used for the joining of thin sheet
metals for automotive industry due to the precision and speed of the
welding process. Without proper process optimization, high speed
robotic welding for automotive industry is known to have defects,
such as porosity, weld concavity and cyclic humping. Several
welding parameters can be adjusted to optimize the robotic welding
is decreasing the welding speed, changing the intensity distribution
of the heat on the surface of the substrate, changing the type and
flow rate of shielding gas used during welding process etc.
However, decreasing these parameters leads to a loss in productivity
which can be costly in large scale manufacturing endeavors [2,3].
Along with the development of social productivity and the progress
of science and technology, welding robots are more and more
widely used in a industrial production. Welding robots can not only
greatly improve the production efficiency and quality, but also can

greatly reduce the amount of labor and reduce the technical
requirements on the operation of workers. They have the advantages
of stability, high repetition accuracy etc. Robotic autonomous
welding is one of the key technologies in intelligent welding
manufacturing [1-4]. In the jointing of thick plates, such as
shipbuilding and pressure vessels, multi-pass robotic welding has
the advantages of high welding efficiency and quality and has been
widely used to reduce the heavy labor caused by large numbers of
welds. However, due to the thermal deformation or the assembly
error, the teach-playback welding robots cannot adapt to the
variation in welding trajectory, which leads to the decrease of
welding quality [5]. Therefore, the vision sensor-based welding
seam tracking is urgently needed to realize intelligent zed robotic
multi-pass welding. Robotization, automation and digitalization will
be the important development direction of welding process, and the
research of seam tracking has become on of the significant research
field of welding equipments [6].

1.2 Defects of welded joints

With increasing requirement of service reliability, some
key components call for higher mechanical performance,
especially the fatigue reliability and corrosion resistance for
the welded structure [7]. The fatigue mechanism of the
metallic components with welded joints is an important
scientific issue, because welding process can cause an obvious
loss of fatigue strength [8]. For the metallic component, the
fatigue crack often initiates from the site that suffer a high
stress concentration, and therefore the fatigue crack usually
starts from the weld toe of the welded metallic component, at
which the change of weld surface geometry causes obvious
stress concentration. Slag inclusion, porosity, inhomogeneous
microstructure, and various cracks are some typical defects,
that are unavoidably formed in the welding process [8-12].

According to the ISO 6520-1 standard, we recognize two
main groups of welded joint defects [9,10]:

1. Internal defects, which include an overheated root,
unboiled root, shrinkage, and others

Fig. 1 Internal defects of welds
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2. External (surface) defects, which include cracks,
cavities, inclusions, cold joints and non-penetrations, Root depth
longitudinal cracks in the weld metal, resp. in the base

material, metal spatter and other \l
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Fig. 3 Monitored parameters of fillet welds

The welding torch (Fig.4) is located on a robotic arm, which
contains a feeder for feeding and removing wire of additional
material.

Fig. 2 External defects of welds

2. Materials and Methods

In the automotive industry, profiles are used for the rear seat
backs, which have a closed square profile measuring 25.4 mm in
two-phase cold-rolled steel with a thickness of 1.3 mm. Two-phase
ferritic-marensitic steel HCT 590X was used in the analyzed nodes.
The European designation of this steel is EN 10338. The chemical :
composition as well as the mechanical properties of HCT 590X are Fig. 4 Welding torch on a robotic arm with automatic feed slider

given in Tab. 1 and. Tab.2. The tested weld nodes on the car seat frame formed by MAG
) - robotic welding are shown in Fig.5. Visual control according to 1ISO
Table 1: Chemical composition of HCT 590X 17637 and NDT capillary test according to 1ISO 23277 were used to

Element| C | Si [Mn| P S | Al'|Cr+Mo |Nb+Ti | V | B | evaluate welded joints. Microhardness was measured by the

Weight Vickers method according to 1SO 9015-2. A modified static tensile
[%] 015]0.75|25|0.04|0015|15| 14 | 0.15 |0.2|0.005| test according to 1SO 6892-1 was designed to determine the
strength of welds. The static tensile test was performed on a

TIRATEST 2300 device.
Table 2: Mechanical properties of HCT 590X

Tensile strength [MPa] 590
Yield strength [MPa] 550
Ductility [%0] 12

Welds in the analyzed nodes were created robotically by MAG
pulse synergic welding technology. CO, working gas and inert
(protective) gas Ar in the ratio CO, / Ar = 82% / 18% were used.
G3Sil welding wire with a diameter of ® 1.0 mm intended for
welding fine-grained steels with a minimum Re up to 470 MPa was
used as an additional material for all types of welds. The chemical
composition of the additional material is given in Tab. 3.

Table 3: Chemical composition of the G3Sil additive material

Element C Mn Si Fe

0.07 1.4 0.85 -

Weight %

The parameters of the welding process are given in Tab. 4 and
the monitored parameters of fillet welds are shown in Fig. 3:

Fig. 5 The tested weld nodes

Table 4: Parameters of MAG welding
3. Results and discussion

Voltage | Current Gas Wire feed | Welding | Weld metal
consumption speed power recovery P
Y [A] min] [m/mir] [kg/h] [g/100g] 3.1 Strength of fillet welds
18-32 | 80-300 18 2.7-15.0 1.0-56 96 Two types of jigs were designed for the modified static tensile

test. In the case of the first jigs (Fig.6), the vertical part of the
sample was clamped using mechanical forceps. After starting the
test, the sample was released. This problem was solved by welding
a steel sheet to the vertical surface of the sample. Nevertheless,
there was till a very strong deformation.

12 YEAR VII, ISSUE 1, P.P. 11-14 (2022)



INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD"

WEB ISSN 2534-8493; PRINT ISSN 2367-8399

Clamping with
echanical forceps|

Fig. 6 Sample in the mechanical forceps
The second type of jig (Fig.7) was designed to hold the sample
with hydraulic forceps, thus ensuring a firm grip on the vertical part
of the sample. The sample was deformed even with this type of jig
and the subsequent loading.

Fig. 7 Sample in the hydraulic forceps
3.2 Microhardness of fillet welds

In terms of microhardness, similar values were achieved due to
the use of the same production technology and the additional
materials. However, slightly higher values were found for the weld
metal compared to the base material. The microhardness values for
the base material are given in Tab.5:

Table 5: Microhardness of basic material

Microhardness values HV 0,1 AVERAGE

Basic

material 293

234 213 240 245 245

The minimum and maximum values of HVO0.1 for individual
weld nodes were measured:
v" For weld node 316 Hvp, = 270, resp. HVax = 308
v" For weld node 317 HV i, = 216, resp. HV ay = 333
v" For weld node 336 HV j, = 201, resp. HV ay = 212
v" For weld node 339 HV 1, = 242, resp. HV ay = 262

3.3 Metallographic analysis of fillet welds

The basic monitored parameter was the depth of the root
boiling, which had to reach values in the range of 0 to 0.14 mm. In
addition to welding errors such as inflammation in the material, the
depth of root boiling proved to be a crucial parameter in evaluating
the quality of welds. The depth of boiling of the root into the base
material was the only parameter that showed regular deviations
from the allowable values. In Fig. 8 is shown a weld, that did not
exceed any of the limits in Tab.6, so it can be marked as a suitable
weld (Fig.8a) and the unsatisfactory weld (Fig.8b) due to
inflammation in the material, where the measured value was 0.31
and the limit tolerance of weld errors is 0.26 from Tab.6:

Table 6: Limit tolerances of weld errors

Weld nodes
316 317 336 339
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Boiling the root
(mm) 0.13 0 [013 0 (014 0 [014] O
Inflammationin
the material 1 0 026 0 027 0 028 0 |0.28
(mm)
Inflammationin
the material 2 0 026 0 027 0 028 0 |0.28
(mm)
Porosity (mm) 0 [053] 0 |054| 0O |055| 0 |057

Fig. 8 Suitable weld (a), unsatisfactory weld — inflammation in the material
(b) — weld node 316

3.4 Statistical analysis of fillet welds
The number of welds in individual tested weld nodes, which

were in the normal tolerance value of welds for the monitored
parameter of root depth boiling are given in Tab.7:

Table 7: Number of welds in the standard

Weld nodes
316 | 317 | 336 | 339
34 | 36 | 35 | 36
Number of weld in the standard
25 24 | 25 | 27
Percentage [%0] 735 66.7 | 714 | 75

A graph (Fig.9) was the constructed from the measured values,
which shows and describes the average values of the monitored
parameter (root welds), the range of measured values for individual
weld nodes and their standard deviations. The ANOVA statistical
tool used the F test to verify the null hypothesis HO. It is true that
we reject HO if F < a; a = 0,05. Significance of F test the weld
nodes addiction to parameters Z;, Z, and L4, L, is shown in Tab.8:

Table 8: ANOVA — lewel of significance

Significance F - test
Weld nodes
Addictionto Z,a Z, Addictionto L; a L,
316 0.0137 0.0468
317 0.1047 0.9616
336 0.0012 0.9328
339 0.3002 0.1080
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Fig. 9 Graph of average values of weld nodes

4. Conclusions

The paper is the result of research into the evaluation of fillet
welds created robotically by the MAG welding method. The basic
material was two-phase ferritic-martensitic steel HCT 590X. The
work methodology included destructive and non-destructive
methods of measuring the quality of welds. Visual and capillary
methods did not identify any non-compliant welds. The
microhardness evaluation did not show any difference between the
hardness of the base material and the weld metal of the individual
welds with respect to the same welding parameters. Using an
optical microscope, 25 samples from each weld node were analysed
separately by metallographic analysis. The total number of samples
was 100 pieces. A total of 26 pieces were determined for faulty
connections. The resulting weld quality was assessed based on the
depth of root penetration in the base material. Experimental work
has confirmed that the quality of fillet welds is affected by the depth
of root penetration into the base material. This parameter effect can
be caused by several factors:

e Incorrect position of the welding torch
e Incorrect trajectory of the welding torch
e Dimensional tolerances of input components
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