
ISSN 0201-744X, ISSN 0321-2211 
Контроль і діагностика процесів та систем в приладобудуванні 

 

38                                             Вісник КПІ. Серія ПРИЛАДОБУДУВАННЯ, Вип. 56(2), 2018. 

КОНТРОЛЬ І ДІАГНОСТИКА ПРОЦЕСІВ ТА СИСТЕМ  
В ПРИЛАДОБУДУВАННІ 

 
 
УДК 004.925.8:519.876.5 

STRESS-STRAIN STATE SIMULATION OF WELDED PLATE 
 

Tsybulnyk S., Khotsevych M., Tovber A. 
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine 

E-mail: tsybulnik.s.a@gmail.com  
 

Background. The most important task in choosing the shape of the structural elements of the ship’s hull is to en-
sure sufficient strength with a small mass. In recent years, great progress has been made in shipbuilding thanks to the 
use of modern welding methods for connecting parts and components. Ships hulls have become much lighter than when 
using riveted joints due to the transition to welding. A welded joint can provide optimum corrosion resistance, strength 
and economy of manufacture. However, it must be remembered that any metal, including stainless steels, may undergo 
certain changes during welding. Therefore, it is necessary to exercise a reasonable degree of caution during the weld-
ing process. In recent years, simulation has become a very popular method for studying processes and phenomena. In 
addition to mathematical methods, more and more often, authors from all over the world are starting to use simulation 
modeling as the main research method and compare the results with theoretical or experimental ones. There are many 
software products that allow you to create geometric models of objects of varying complexity. One such program is 
SolidWorks, which was chosen to create the geometric models in this study. 

Objective. Therefore, the purpose of this work is to conduct geometrical modeling (construction of three-
dimensional models) and simulation (study of the object by its model) of a metal plate with a weld. Also, a liquid-
construction interaction analysis will be carried out to determine the stress-strain state of the metal plate (ship’s hull 
element) with welds of different geometric shapes in the cross-section. 

Results. In this work, a three-dimensional model of the ship’s hull element with welded seams was built. To de-
termine the vector fields of the velocity of water flow and its pressure in the ANSYS software package, a simulation of 
the load on the hull element was carried out using its constructed geometric model. The analysis of the obtained results 
made it possible to determine the stress-strain state of the ship’s hull element. 

Conclusions. Three forms of welds are considered, namely: V-shaped, Y-shaped and X-shaped. It is shown that at 
a flow rate of 5m/s the minimum load is less than at least three times for the X-shaped (double-sided) weld. The maxi-
mum loads within the hull element of the ship are almost the same. It is shown that the smallest stress within the welds 
(without considering the plate) arises when using an X-shaped weld. In further research it is planned to investigate the 
effect of loads from the water stream on the damaged weld seams. 
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Introduction 
Each object has its own operating life, during 

which the reliability of the design is guaranteed. At the 
end of this period, the probability of destruction of the 
structure is high. But objects can be destroyed not only 
after the expiration of their lifetime. The consequences 
of premature destruction can be significant material 
costs and human lives. In order to avoid this, it is neces-
sary to prevent the development of defects [1]. 

The initial stage of the destruction of the struc-
tural elements of any construction or structure is dam-
age. The reasons for their appearance may be, for ex-
ample, external natural and man-made influences, 
internal factors, design errors, defects and violation of 
operating rules. External signs of destruction are 
cracks. Cracks can appear due to many reasons and 
have different effects depending on the combination of 
external and internal loads. The opening of the crack 

in the elements of the ship's construction can take 
place in different ways [2]. This is especially true in 
the conditions of operation of ships, when a crack or 
defect of a welded joint can lead to damage or break-
age of the ship's hull. Therefore, the task of studying 
the hull plate of the ship is important and relevant to 
its operation. 

When working with metal plates, the welding is 
one of the methods of connection. Mild steel is a good 
welding material, and welded joints can provide opti-
mum corrosion resistance, durability and cost-
effectiveness. However, it must be remembered that 
any metal, including stainless steel, may undergo cer-
tain changes during welding. Therefore, it is necessary 
to demonstrate a reasonable degree of caution during 
welding. This will minimize any harmful effects that 
may occur. It will also maintain a high degree of cor-
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rosion resistance and strength in the welding zone 
(which is an integral part of the base metal) [3]. 

In addition to steel, the use of high-strength alu-
minum alloys, especially for the design and construc-
tion of warships, surface ships and high-speed passen-
ger ships, is increasing in the shipbuilding industry. 
Currently, various welding methods are used for the 
manufacture of aluminum structures of ships, namely: 
gas welding, laser welding and friction stir welding, 
but the most advantageous for the construction of 
aluminum structures is the friction stir welding tech-
nology [2]. 

If the welding mode is not followed, the struc-
tural strength decreases. Therefore, most of the scien-
tific papers are devoted directly to the process of 
welding. For example, in [2] and [4], the authors re-
viewed the process of welding various grades of alu-
minum alloys using the friction stir welding. Friction 
welding associated with mixing the weld material is 
an alternative to other welding techniques for alumi-
num alloys. In the present studies, mechanical proper-
ties of friction stir welded aluminum alloys are exam-
ined experimentally. The insights developed from the 
study [2] are documented together with details of the 
test database. The performed tests and subject-matter 
literature research [4] indicate that application of FSW 
method to joining aluminum alloys in shipbuilding is 
rational. 

There is also a list of works devoted to the choice 
of methods for studying stresses in welds. For exam-
ple, in [5] were investigated geometrical distortions of 
two steel plates jointed by metal inert gas welding. 
The distributions of residual stresses in this welded 
joint were measured by X-ray diffraction method. 

In article [6], the authors state that value of angu-
lar distortions in a welded T-joint depends on many 
parameters, including: weld geometrical dimensions, 
weld penetration profile, mechanical and physical-
chemical properties of material, electric current 
source. Also, the authors indicate that the most effec-
tive method in mitigating welding deformations, apart 
from straightening, is an appropriate preparation of 
production process. 

In recent years, simulation has become a very 
popular method of studying processes and phenom-
ena. In addition to mathematical methods, more and 
more authors from all over the world begin to use as 
the main method of research simulation and compare 
its results with theoretical and experimental. So in the 
article [5] the measured residual stress distributions 
were compared with residual stress state obtained by 
means of finite element analysis with using of 
ABAQUS software and a good agreement was ob-
tained between experimental and analytical data. 

In articles [7] and [8] thermo-mechanical finite 
element analysis has been performed to assess the 
residual stress in the butt-weld joints of IN718 plates 
with help of the commercial software package 
ANSYS, employing 2D plane stress models. The pre-

sent 2D plane stress analysis results are found to be in 
good agreement with existing 3D finite element analy-
sis results. 

In article [9] residual strains and stresses in a 
hollow steel beam that had been welded to a D-shaped 
cross-section have been simulated by plane deforma-
tion finite element models and compared with experi-
mental measurements obtained using the neutron dif-
fraction strain-scanning technique. The authors claim 
that with the assumptions for material properties that 
were made, the plane deformation model predicts the 
overall bending of the beam and the overall residual 
strains and stresses reasonably well. 

Consequently, there are many scientific papers 
devoted to the study of the process of welding directly 
or mathematical modeling or simulation of loads that 
arise in welds. Article [9] shows that simulation has 
been used for research since the 90s of the twentieth 
century. However, for today there are very few works 
of joint analysis of fluid-construction for ship’s hull 
elements. 

 
Formulation of the problem 
There is a large variety of software complexes, 

the main task of which is simulation. Typically, such 
software systems have different functionality. For 
example, there are specialized software products for 
medical simulations. Such programs can not simulate 
most engineering tasks. However, there are a number 
of universal software complexes that can be used in 
many areas of science and technology including ship-
building. 

The most important task when choosing the 
shape of the structural elements of the ship's hull is to 
provide sufficient strength at low mass [10]. In recent 
years, great success has been achieved in this field 
thanks to the use of modern welding methods for con-
necting parts. Due to the transition from riveting to 
welding, the ships hulls became much lighter, mainly 
due to the removal of connecting corners and riveted 
joints. 

Therefore, the purpose of this work is to conduct 
geometrical modeling (construction of three-
dimensional models) and simulation (study of the ob-
ject by its model) of a metal plate with a weld. Also, a 
liquid-construction interaction analysis will be carried 
out to determine the stress-strain state of the metal 
plate (ship’s hull element) with welds of different 
geometric shapes in the cross-section. 

 
Geometric modeling 
Geometric models play an important role in the 

simulation process. They are created in order to: 
 to recreate the appearance and basic dimen-

sions of the object;  
 to recreate the structure, properties and nature 

of interaction with external conditions (loads 
and influences);  
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 to predict the effects of the impact on the ob-
ject of external or internal loads;  

 simplify the design process. 
In any geometric modeling four main stages can 

be distinguished [11]: 
 statement of some geometric problem; 
 development of a geometric algorithm for its 

solution; 
 implementation of the algorithm using some 

tools; 
 analysis and interpretation of the results. 

In our time, we can talk about three basic meth-
ods of geometric modeling - analytical, graphical and 
computer [11]. 

The essence of the analytic method is that the 
initialized geometric objects and operations carried 
out on them become accountable for some numerical 
objects and operations carried out on them. This is 
accomplished by using appropriate analytical expres-
sions and their transformations. 

The graphical method is characterized by the fact 
that during the implementation of one or another geo-
metric modeling procedure geometric objects are used 

and the operations carried out on them are interpreted 
graphically. In this case, appropriate graphic construc-
tions on the plane are used, executed using a ruler, 
compass and other drawing tools. 

The computer method of geometric modeling as- 
sumes that the functions of geometric algorithmization 
of the process of solution of the initial problem, car-
ried out by a person. However, the necessary graphic 
constructs in this case are performed using a personal 
computer using specialized software. Geometric inter-
pretation of the results of graphic constructions, fur-
ther analysis of this interpretation and the interpreta-
tion of its results in categories of source application 
problems, as before, performs a person [11]. 

There are many software products that allow you 
to create geometric models of objects of varying com-
plexity in our time. Some of these programs even have 
basic simulation modules. One such software is Solid-
Works [12], which was chosen to create geometric 
models in this study. 

First, a geometric model of a steel plate was cre-
ated (Fig. 1). According to [10], such 3mm thick 
plates are used on boats longer than 12 meters long.  

 

 
 

a) b) 
Fig. 1. Boat hull element: a) sketch; b) geometric model 

 
The next step is to build a geometric model of 

weld seam. Fig. 2 depicts the main forms of welds 
[13]. Seams of V-, Y- and X- shapes were chosen for 
the study. This will determine which geometry of the 
weld seams best accepts the given external load. 

 
Fig. 2. Forms of welds 

Thumbnails and geometric models of selected 
welds are depicted in Fig. 3 and Fig. 4. After creating 
the necessary geometric models, they were merged 
into assembly units. Three assembly units were cre-
ated according to the types of welds in total. In each of 
them, the weld is placed along the contour of the 
metal plate, which acts as an element of the hull of the 
ship. Also geometric models of welds were cut from 
geometric models of plates, in order to avoid colli-
sions (mutual penetration of models). 

In addition, it is necessary to create geometric 
models of the liquid (separately for each weld) for 
liquid-construction interaction analysis. These models 
are a parallelepiped, the width and length of which 
coincide with the size of the previously created as-
sembly units. Models of the aquatic environment after 
the creation are added to the corresponding assembly 
units. They should be placed in touch with the element 
of the ship’s hull from the side of welds. It is also nec-
essary to cut the geometry of the welds from the geo-
metric model of the aquatic environment to prevent 
collisions (mutual penetration of the models). 
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a) b) 
Fig. 3. V-shaped seam: a) sketch; b) geometric model 

 

  
a) b) 

  
c) d) 

Fig. 4. Weld seams: a) a sketch of a Y-shaped seam; b) geometric model of Y-shaped seam; 
c) a sketch of a X-shaped seam; d) geometric model of X-shaped seam 

 
After creating all the necessary geometric mod-

els, simulation can be performed. 
 
Simulation results 
CAE systems use a large set of visualization 

methods that are classified by the type of mathemati-
cal variables: scalar, scalar field, vector field (for ex-
ample, velocity), and geometry used (three-
dimensional or two-dimensional). It is important that 
the data can be displayed at any stage of the calcula-
tion. This allows you to track the dynamics of the 
modeled process. 

Types of models in engineering analysis: 
1. Geometric model. 
2. Calculation model is a simplified geometric 

model used for analysis. Simplification of the geomet-
ric model occurs by removing those elements that do 
not significantly affect the results of the analysis. 
Geometric and calculation models are usually created 
at the design stage in specialized programs (for exam-
ple, SolidWorks). 

3. The mesh model is a set of nodes and elements 
on which the calculation model breaks down. 

4. Simulation model is a mesh model with given 
boundary conditions and loads. 

To build a simulation model, we use ANSYS 
Workbench [14], which gives the user a convenient 
graphical interface to simplify and systematize the 
necessary actions during modeling. 

The simulation of the interaction of the liquid-
construction took place in two stages. In the first 
stage, modeling was carried out with the help of a 
module of hydro-gas dynamics. A feature of this 
simulation is finding the value of pressure and flow 
velocity within the calculated area. The flow rate was 
chosen as 5m/s for this study. Fig. 5 shows the simula-
tion results in the form of a vector field of speed. 

Fig. 5 shows that the flow velocity in the central 
region of the plate is the lowest (0.45m/s) and in-
creases to the edges, accelerating to 6m/s. The pres-
sure of the water flow has an inverse picture, namely: 
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the greatest values of pressure is in the central region 
and decreases to the edges. 

 

Fig. 5. Vector velocity field 
 
The second stage is a static structural analysis, 

the result of which is the calculated stress-strain state. 
Fig. 6 and Fig. 7 show the contour pressure fields of 
the plate with the weld seam and the weld itself, re-
spectively. 

 

 
a) 

 
b) 

 
c) 

Fig. 6. Contour pressure fields using welds: 
            a) V-shaped; b) X-shaped; c) Y-shaped 

 

The results of the study showed that within the 
whole assembly unit (welded plate) the distribution 
and magnitudes of stresses and deformations are al-
most identical. The exception is the X-shaped weld 
seam, in which the minimum stresses and deforma-
tions are at least three times less than in other cases. 

According to Fig. 7 it can be concluded that the 
stresses directly on the welds are also smaller in the 
case of an X-shaped weld seam. 

In the future, it is planned to carry out research 
on the ship’s hull element in the case of damaged weld 
seam. It is also necessary to consider the assembly 
unit, which will consist of a large number of plates 
(e.g. four), welded together. 

 

 
a) 

 
b) 

 
c) 

Fig. 7. Contour pressure fields of welded seams: a) V-
shaped; b) X-shaped; c) Y-shaped 
 
Conclusions 
In this work, a three-dimensional model of the 

ship’s hull element with welded seams was built. To 
determine the vector fields of the velocity of water 
flow and its pressure in the ANSYS software package, 
a simulation of the load on the hull element was car-
ried out using its constructed geometric model. The 
analysis of the obtained results made it possible to 
determine the stress-strain state of the ship’s hull ele-
ment. 

Three forms of welds are considered, namely: V-
shaped, Y-shaped and X-shaped. It is shown that at a 
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flow rate of 5m/s the minimum load is less than at 
least three times for the X-shaped (double-sided) 
weld. The maximum loads within the hull element of 
the ship are almost the same. It is shown that the 
smallest stress within the welds (without considering 
the plate) arises when using an X-shaped weld. In fur-
ther research it is planned to investigate the effect of 
loads from the water stream on the damaged weld 
seams. 
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Національний технічний університет України «Київський політехнічний інститут імені Іго-
ря Сікорського», Київ, Україна 
МОДЕЛЮВАННЯ НАПРУЖЕНО-ДЕФОРМОВАНОГО СТАНУ ПЛАСТИНИ ЗІ ЗВАРНИМ 
ШВОМ 
Найважливішим завданням при виборі форми конструктивних елементів корпусу корабля є забезпечення доста-
тньої міцності при малій масі. В останні роки в кораблебудуванні досягнуто великих успіхів завдяки застосу-
ванню сучасних методів зварювання для з'єднання деталей та елементів. Завдяки переходу до зварювання, кор-
пуси кораблів стали на багато легше ніж при використанні заклепкових з’єднань. Зварне з'єднання може забез-
печити оптимальну корозійну стійкість, міцність і економічність виготовлення. Однак необхідно пам'ятати, що 
будь-який метал, включаючи нержавіючі сталі, може зазнавати певних змін під час зварювання. Тому необхід-
но проявити розумну ступінь обережності під час зварювання. В останні роки імітаційне моделювання стає ду-
же популярним методом дослідження процесів і явищ. Окрім математичних методів все частіше автори з усього 
світу починають використовувати як основний метод дослідження імітаційне моделювання і порівнювати ре-
зультати з теоретичними чи експериментальними. Існує безліч програмних продуктів, які дозволяють створю-
вати геометричні моделі об’єктів різної складності. Деякі з цих програм навіть мають у своєму складі базові 
модулі імітаційного моделювання. Однією з таких програм є SolidWorks, яка була обрана для створення геоме-
тричних моделей у даному дослідженні. У даній роботі була побудована тривимірна модель елемента обшивки 
корабля зі зварними швами. Для визначення векторних полів швидкості водяного потоку і його тиску в програ-
мному комплексі ANSYS проведено імітаційне моделювання навантаження на елемент конструкції з викорис-
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танням його побудованої геометричній моделі. Аналіз отриманих результатів дозволив визначити напружено-
деформований стан елемента обшивки корабля. Розглянуто три форми зварних швів, а саме: V-подібна, Y-
подібна та Х-подібна. Показано, що при швидкості водяного потоку в 5 м/с мінімальні навантаження при вико-
ристанні Х-подібного (двостороннього) шва менші мінімум в три рази. Максимальні навантаження у межах 
елемента обшивки корабля при цьому майже однакові. Показано, що найменші напруження в межах зварних 
швів (без розгляду пластини) виникають при використанні Х-подібного шва. У подальшому планується дослі-
дити вплив на пошкоджені зварні шви навантажень від водяного потоку. 
Ключові слова: зварний шов, імітаційне та геометричне моделювання, ANSYS, SolidWorks. 
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МОДЕЛИРОВАНИЕ НАПРЯЖЕННО-ДЕФОРМИРОВАННОГО СОСТОЯНИЯ 
ПЛАСТИНЫ СО СВАРНЫМ ШВОМ 
Важнейшей задачей при выборе формы конструктивных элементов корпуса корабля является обеспечение дос-
таточной прочности при малой массе. В последние годы в кораблестроении достигнуты большие успехи благо-
даря применению современных методов сварки для соединения деталей и элементов. Благодаря переходу к 
сварке, корпуса кораблей стали на много легче, чем при использовании заклепочных соединений. Сварное со-
единение может обеспечить оптимальную коррозионную стойкость, прочность и экономичность изготовления. 
Однако необходимо помнить, что любой металл, включая нержавеющие стали, может претерпевать определен-
ные изменения во время сварки. Поэтому необходимо проявить разумную степень осторожности при сварке. В 
последние годы имитационное моделирование становится очень популярным методом исследования процессов 
и явлений. Кроме математических методов все чаще авторы со всего мира начинают использовать в качестве 
основного метода исследования имитационное моделирование и сравнивать результаты с теоретическими или 
экспериментальными. Существует множество программных продуктов, которые позволяют создавать геомет-
рические модели объектов различной сложности. Некоторые из этих программ даже имеют в своем составе ба-
зовые модули имитационного моделирования. Одной из таких программ является SolidWorks, которая была 
выбрана для создания геометрических моделей в данном исследовании. В данной работе была построена трех-
мерная модель элемента обшивки корабля со сварными швами. Для определения векторных полей скорости 
водного потока и его давления в программном комплексе ANSYS проведено имитационное моделирование на-
грузки на элемент конструкции с использованием его построенной геометрической модели. Анализ получен-
ных результатов позволил определить напряженно-деформированное состояние элемента обшивки корабля. 
Рассмотрены три формы сварных швов, а именно: V-образная, Y-образная и Х-образная. Показано, что при 
скорости водного потока в 5 м/с минимальные нагрузки при использовании Х-образного (двустороннего) шва 
меньше минимум в три раза. Максимальные нагрузки в пределах элемента обшивки корабля при этом почти 
одинаковы. Показано, что наименьшие напряжение в пределах сварных швов (без рассмотрения пластины) воз-
никают при использовании Х-образного шва. В дальнейшем планируется исследовать влияние на поврежден-
ные сварные швы нагрузок от водного потока. 
Ключевые слова: сварной шов, имитационное и геометрическое моделирование, ANSYS, SolidWorks. 
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