REVISTA DE METALURGIA
October—December 2019, 55(4), e158
ISSN-L: 0034-8570
https://doi.org/10.3989/revmetalm.158

Quality increase for single-welded joints of thin-walled
structures by means of simulation modelling

Myroslav Panchuk®*, Oleh Matviienkiv*, Lubomyr Shlapak®,
Marek Szkodo®, Wojciech Kielczynski®, Andrii Panchuk®

*Ivano-Frankivsk National Technical University of Oil and Gas (IFNTUOG) 15 Carpathians street, Ivano-Frankivsk, 76019, Ukraine
Politechnika Gdanska, ul. Gabriela Narutowicz11/12, 80-233, Gdansk, Polska

(*Corresponding author: myroslav_panchuk@ukr.net)

Submitted: 8 January 2019; Accepted: 11 November 2019; Available On-line: 20 December 2019

ABSTRACT: The Simulation calculation module and the SolidWorks software package have helped to define
the optimal shape and dimensions of single-welded joints which may serve the basis for calculating the process
parameters of welding. Having compared the models with different weld cross-sections the authors have defined
that the weld height and width do not significantly affect the stress concentration, and the stress concentration
and value mainly depend on the shape of the root bead and the gap size between the welded parts.
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RESUMEN: Aumento de calidad en uniones soldadas de estructuras de paredes delgadas mediante modelo de simu-
lacion. El médulo de calculo de simulacion y el paquete de software solidworks han ayudado a definir la forma
y las dimensiones éptimas de uniones soldadas simples que pueden servir de base para calcular los parametros
de proceso de soldadura. Habiendo comparado los modelos con diferentes secciones transversales de soldadura,
el autor ha determinado que la altura y el ancho de la soldadura no afectan significativamente la concentracion
de tension, y la concentracion y el valor de la tension dependen principalmente de la forma del latido de la raiz
y del punto de separacién entre las partes soldadas.
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1. INTRODUCTION Due to its versatility, relative simplicity of process
mechanization and automation the consumable-

The increasing prices for metal prompt the use of electrode arc welding in shielding gases is one of the
thin-walled metal profiles (pipes, shaped pipes, roll- most widely used welding methods in the production
formed sections) for the manufacturing of welded of welded structures (GouMing et al., 2003). Despite
structures. the prevalence of the method, it is often problematic
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to ensure the required quality of welded joints dur-
ing arc welding in shielding gases, namely because of
the appearance of defects (Mochizuki et al., 2007).

According to its economic and operational
characteristics, the use of single welded joints with
free weld formation (without backing) is the most
advantageous, and sometimes the only possible,
method for welding thin-walled materials. Such
joints are easy to perform and less labour-intensive,
since they do not create difficulties in welding prep-
aration in the form of machining the edges of irreg-
ular shape and the need for two-side welding, they
also reduce the likelihood of decreasing the perfor-
mance characteristics of the welded joint and metal
structure in general.

The main disadvantage of single-welded joints is
the low stability of qualitative weld formation, while
its shape and dimensions are very important, and
the efficient formation of weld and the absence of
defects define the reliability and quality of the whole
welded joint.

Therefore, in most cases preference is given
to more expensive and constructively complex
welded joints with the so-called “guaranteed pene-
tration”. Such connections include two-side welded
joints, joints with backing run of weld root, joints
with forced root formation on the back-up plate
(non-removable or removable), lap joint, etc. The
disadvantages of these joints are the need to use
additional engineering elements (back-up plates),
the increase in mental consumption of the struc-
ture and labor intensity of assembly and welding
operations, the complication of the welded joints
structure and the technological process of welding.
In most cases the use of different types of back-up
plates and inserts significantly impairs the perfor-
mance of welded joints, creates the conditions for
crack formation in them and reduces the effective
cross section of structures. Quite often, gapping or
mismatching of edges, welded to the back-up plates,
significantly changes the conditions of heat removal
from the welded joint and causes the emergence of
defects in the welded joints.

Thus, ensuring the formation of a high-quality
and stable single-rim weld in single-welded joints
will help to eliminate a number of restrictions on
their use in welded structures. This will allow to use
the joints of simpler design, which do not require
great additional labour costs, and, consequently,
reduce labour intensity and cost of work and ensure
the high quality of the joint.

2. LITERATURE REVIEW

The main problem in welding thin-walled struc-
tures is the formation of burn-through caused by
the geometric deviations of the position of welded
edges. The shape and dimensions of the weld when

welding thin-walled materials depend on many
factors, the most important among which are the
fusion zone width and the amount of weld deposit
(Zasyad’ko and Korinecy, 2010).

An important aspect of welding thin-walled
materials is the preparation of parts to be welded,
namely such parameters as gap size and edge align-
ment (Murakawa et al, 2012). In case of welding
thin-walled structures there appear the so-called
welding stresses and deformations, which are caused
by longitudinal and transverse thermal contrac-
tions and depend directly on the gap size between
welded edges. The paper (Soul and Hamdy, 2012)
proposes the methods for reducing the residual
welding stresses by means of affecting the tem-
perature field by water cooling and laser heating. A
rather effective method of reducing residual stresses
is also an optimal welding sequence (Romeo-Hdz.
et al., 2016).

The influence of weld sizes and preparation on
the values of stresses and deformations is often
ignored when designing and producing the struc-
tures because of the lack of quick and inexpensive
estimation methods (Guoqing et al., 2014).

2.1. Research purpose and objectives

The purpose of the paper is to improve the qual-
ity of single-welded joints by means of matching
the parameters of edge preparation and pre-welding
assembly with the geometric characteristics of the
obtained weld.

In order to achieve the set purpose, we propose to
study the effect of edge preparation and assembly on
the values of equivalent stresses when applying the
tensile load by means of simulation modelling and
using the known CAD, CAE systems. The method
of simulation modelling helps not only to define the
effect of stresses, but also the most optimal param-
eters by means of parameter optimization (Islam
etal.,2014).

2.2 Research methods and materials

To study the influence of welding parameters on
the geometrical dimensions of the weld, a low-alloy
steel sheet, 3.0 mm thick, was chosen, as it is most
often used for manufacturing welded structures.

The dimensions of welded joint and weld for the
thickness of 3.0 mm, in case of welding in the envi-
ronment of shielding gases, are defined by the regu-
latory document GOST 14771-76, which is currently
in force in Ukraine. The dimensions of welded joint
and weld for the thickness of 3.0 mm, according to
this standard, are shown in Table 1.

The controlled dimensions of the weld (Table 1)
are the weld width e, the height of weld reinforce-
ment g and root bead c.
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TABLE 1.

Structural components and dimensions of the welded joint

Structural components and dimensions

Dimensions, mm

Symbol

legend  of the prepared edges E G 3

Welded of the parts to be $=S; Nominal Not Nominal Nominal

joint welded of the weld mm value  Tolerance exceeding value Tolerance value Tolerance
C2 & +1.5 8 1.5 +0.5 1.5 +1.0

b Y 0
|7 N Z%'

3. WELD MODELING TECHNIQUE

In CAD programs, welds are usually modeled as
small-size solid objects in the cross section. In this
case the nodes of the finite element mesh on the con-
tact surfaces of welds and welded parts must coincide.

The computation technique of the welded struc-
tures by means of the programs and finite-element
method (FEM) is the following:

development of the model geometry of welds
and welded parts;

— selection of the type of finite elements;

— development of elastic constants and physical-
mechanical properties of materials;

— development of the finite element mesh (setting
element dimensions in the area of welds and
outside it; decomposition of weld parts into
finite elements; joining the mesh nodes on the
contact facets of welds and welded parts);

— setting boundary conditions, loads and per-
forming strength analysis.

In the computation of welded joints, the fol-
lowing preparation variants of their finite-element
model can be used:

— single body model;

— gapped body model;

— midsurface model.

The variant of the midsurface model is the most
suitable for thin-walled welded structures. In this
case, it is possible to replace solid finite elements
with plane finite elements, which reduces the com-
putation time.

The results obtained by computing the stresses
should be compared with the constants, charac-
terizing the strength. For welded joints, the best
approach is to compare the calculation data of
simple models with the experiment results, which
makes it possible to determine the necessary cor-
rections and apply them to real structures. In this
paper the SolidWorks software package with the
Simulation calculation module was used to model
and calculate the geometrical dimensions of the
weld to analyze the performance of joints.

The most difficult and time-consuming stage
of data preparation is the geometric model

development. The finite element mesh is applied
to the developed model. The specific feature of the
mesh of the welded joint is its densification in the
areas of greater stress concentrations, on weld sur-
face and on the contact facets of the weld and joined
parts. The developed model of welded joint with the
applied mesh is shown in Fig. 1.

The elastic-plastic properties of the joined
materials and the weld material were taken into
account, in particular the modulus of elasticity,
the Poisson’s ratio, yield strength and material
strength.

The boundary conditions, given in the calcula-
tion model, simulate the real conditions of fixing
and loading of the specimen.

At the model nodes, corresponding to the sur-
face of the specimen, zero degrees of mobility were
set along the Y and Z axes and the power load F
was distributed along the X axis. The calculations
with the use of the obtained finite element model
concerned the calculation of the unknown nodal
displacements and stresses. The displacements
were calculated according to the following matrix

Eq. (1):
[K]-{u} ={F}, (1)

where [K]= ZZI[KE] - global stiffness matrix;

[K]- stiffness matrix of a single element; N- total
number of finite elements in the model;
{u}- vector of nodal displacements; {F}- real load
vector.

Stresses were calculated according to the follow-

ing Eq. (2):

{o}=[K].{e}, 2)

where {o}- stress vector; {e}- vector of relative
deformations.
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FIGURE 1. 3D model of the welded joint with the finite element mesh.

3.1. Results of simulation and optimization of weld
geometrical dimensions by means of finite
element method

The values and nature of welding stresses and
deformations are defined by a set of technologi-
cal and design factors. The values and nature of
stresses and deformations during welding are most
strongly influenced by the degree of heat concen-
tration, which depends mainly on the welding
method and conditions. However, the shape and
dimensions of the weld will also have a significant
effect.

The weld shape is defined by the following
parameters:

- e—weld width;
- g—weld height;
- ¢ —root bead height.
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It is known that according to the regulatory
documents these dimensions have certain tolerances
that can significantly affect the values of stresses
and deformations during welding.

Having modeled the specimen of the welded joint
with minimum and maximum tolerances of the main
weld dimensions we defined the Von Mises equiva-
lent stresses distribution. The nature of the equiva-
lent stresses distribution for the weld with maximum
and minimum tolerances of its dimensions is shown
in Fig. 2 and Fig. 3 respectively.

4. RESULTS AND DISCUSSION

The analysis of stress distribution diagrams
showed that the highest concentration of critical
stresses in the welds, both with larger and smaller
cross-sectional areas, would be in the transition area

e
28]
Ty

==l Mg il To st e 290

FIGURE 2. Fields of equivalent stresses for the weld with maximum cross section.

Revista de Metalurgia 55(4), October—-December 2019, 158, ISSN-L: 0034-8570. https://doi.org/10.3989/revmetalm.158


https://doi.org/10.3989/revmetalm.158�

Quality increase for single-welded joints of thin-walled structures by means of simulation modelling ¢ 5

A MOARAMCEOPKS 3PA30K

Haseanue HOCARAOBRHM AL TATHY O 21 anke 1(-MloyMonuas -]

TN 3MOpEI: CTATHECKH 1A 3HATHD YRIOBOE Han i xcemme Hanp Txcenme?
TADBAAEHOE SHAEHMeE: 120558 4o 40265 Mimm™2 [MPa)

won Mis es (limm*2 (MPaf)

40

—F Mpeaen Teryyecmm: 295

FIGURE 3. Fields of equivalent stresses for the weld with minimum cross section.
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FIGURE 4. Von Mises equivalent stresses distribution
along the lower edge of the weld with the
maximum cross sectional area.

from the weld to the base metal, both on the part of
weld reinforcement and on the part of root bead.
Besides, stress increases in the inner part of the root
bead and weld with a smaller cross section, and
decreases in weld reinforcement metal.

The comparison of the models with smaller and
larger cross-sections of the weld shows that the weld
height and width do not significantly affect the
stress concentration. The concentration and values
of stresses mainly depend on the shape of root bead
and the gap size between the welded parts. The stress
jump in the transition area can be also observed in
the equivalent stress distribution diagrams along
the lower edge of the cross section of welded joints
(Fig. 4 and Fig. 5).

The diagrams (Fig. 4 and Fig. 5) show that
reducing the dimensions of the root bead and the
gap between the parts results in decreasing the value
of equivalent stresses in concentration areas by
4%. However, at the same time, in addition to the
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FIGURE 5. Von Mises equivalent stresses distribution
along the lower edge of the weld with the minimum cross
sectional area.

concentration of stresses in the transition area the
growth of equivalent stresses can be observed inside
the weld on the side of the root bead (Fig. 3). Besides,
on the joints models with maximum and minimum
cross-sections there is stress concentration, the value
of which approaches the yield strength in the tran-
sition area between weld reinforcement and base
metal.

It can be seen that the distribution nature and
values of equivalent stresses in the joint depend
mainly on the shape and dimensions of the root bead.

Therefore, the next stage of our research was to
define the optimal weld parameters in order to mini-
mize equivalent stresses. The Simulation calculation
module of the SolidWorks software package helps
to optimize the design. By setting the main criteria
and optimization the goals, the program defines the
most optimal option.

The optimization criteria in our research were
the main geometrical dimensions of the weld (weld
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FIGURE 6. Fields of equivalent stresses in the optimized weld.
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FIGURE 7. Von Mises equivalent stresses distribution
along the lower edge of the optimized weld.

width and height, gap size between the welded parts
as well as the root bead width and height), and the
main objective was to minimize the stresses that
exceed the metal yield strength.

Having performed the optimization computa-
tion, the optimal shape and dimensions of the
weld were determined. The results of the optimized
model are shown in Fig. 6, and the distribution of
equivalent stresses — in Fig. 7.

The optimized shape of the weld shows that an
increase in the width of the root bead can signifi-
cantly reduce the concentration of stresses in the
transition area of the face and back of the weld as
well as inside the root bead.

The equivalent stress distribution diagrams
(Fig.7) show that the values of stresses decreased
in their concentration area. The values of stresses
decreased by 10%, compared with the weld with
maximum cross-section, and by 5%, compared with
the weld with minimum cross-section.

TABLE 2. Geometrical dimensions of welds

Weld Weld Root bead
Weld cross  Gap, width, height, Root bead height,
section mm mm mm width, mm mm
Maximum 3,0 8 2 2.5 2.5
Minimum 0,1 5 1 0.5 0.5
Optimal 2 7 1 2.0 1

Table 2 shows the calculated minimum, maxi-
mum and optimal cross sections and the geometrical
dimensions of the investigated welds.

Thus, the results of the conducted research show
that the change in the shape and dimensions of the
weld and the increase in the gap size between the
edges can reduce the distribution and values of
stresses and deformations under static tension.

5. CONCLUSIONS

— The Simulation calculation module and the
SolidWorks software package have helped to
define the optimal shape and dimensions of the
weld, which may serve the basis for calculating
the process parameters for welding the studied
structure.

— Having compared the models with different
weld cross-sections it has been found out that
the weld height and width in the structure
under study do not significantly affect the stress
concentration.

— The stress concentration and value mainly
depend on the shape of the root bead and the
gap size between the welded parts.

— The obtained theoretical and practical depen-
dencies allow to make welded joints of con-
sistent quality and reliability and to meet the
performance requirements for the weld with
minimum material and labor costs.

Revista de Metalurgia 55(4), October—-December 2019, 158, ISSN-L: 0034-8570. https://doi.org/10.3989/revmetalm.158


https://doi.org/10.3989/revmetalm.158�

Quality increase for single-welded joints of thin-walled structures by means of simulation modelling ¢ 7

REFERENCES

GouMing, H., ShaoHui, Y., XinHua, C., JunYue, L. (2003).
Acquisition and pattern recognition of spectrum infor-
mation of welding metal transfer. Mater. Design 24 (8),
699-703. https://doi.org/10.1016/S0261-3069(03)00092-X.

Guogqing, G., Yuping, Y., Hui, C. (2014). An ICME Approach
for Optimizing Thin-Welded Structure Design. Engineering
6 (13), 936-947. https://doi.org/10.4236/eng.2014.613085.

Islam, M., Buijk, A., Rais-Rohani, M., Motoyama, K. (2014).
Simulation-based numerical optimization of arc welding
process for reduced distortion in welded structures. Finite
Elem. Anal. Des. 84, 54-64. https://doi.org/10.1016/].
finel.2014.02.003.

Mochizuki, M., Mikami, Y., Toyoda, M., Yamasaki, H. (2007).
Elastic predicting of weld distortion of large structures
using numerical simulation results by thermal-elastic-plastic

analysis of small components. Weld. World 51 (11-12),
60-64. https://doi.org/10.1007/BF03266609.

Murakawa, H., Sano, M., Wang, J. (2012). Influence of Root
Gap and Tack Weld on Transverse Shrinkage during Weld-
ing. Trans. JWRI 41 (1), 65-70.

Romeo-Hdz, J., Saha, B.N., Toledo, G. (2016). Welding
Sequence Optimization through a Modified Lowest Cost
Search Algoritm. Comput. Sci. Eng. 6 (2), 25-32. https://
doi.org/10.5923/j.computer.20160602.02.

Soul, F., Hamdy, N. (2012). Numerical Simulation of Residual
Stress and Strain Behavior After Temperature Modification.
INTECH Open Access Publisher, pp. 217-246. https://doi.
org/10.5772/47745.

Zasyad’ko, 1.Z., Korinecy, I.P. (2010). Welding of thin-sheet con-
struction. 5, 81-87. Research Bulletin of the National Tech-
nical University of Ukraine “Kyiv Politechnic Institute”.
http://mbuv.gov.ua/UIRN/NVKPI_2010_5_13.

Revista de Metalurgia 55(4), October—December 2019, 158, ISSN-L: 0034-8570. https://doi.org/10.3989/revmetalm.158


https://doi.org/10.3989/revmetalm.158�
https://doi.org/10.1016/S0261-3069(03)00092-X�
https://doi.org/10.4236/eng.2014.613085
https://doi.org/10.1016/j.finel.2014.02.003
https://doi.org/10.1016/j.finel.2014.02.003
https://doi.org/10.1007/BF03266609�
https://doi.org/10.5923/j.computer.20160602.02�
https://doi.org/10.5923/j.computer.20160602.02�
https://doi.org/10.5772/47745�
https://doi.org/10.5772/47745�
http://nbuv.gov.ua/UJRN/NVKPI_2010_5_13�

