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Abstract 
 

This paper presents the process of developing an integrated intelligent CAD system (IICAD) for synthesis and stress-deformation analy-

sis of pressure vessels. The name of the system is IICAD PP system. The goal of the paper is to present procedures and steps to develop 

IICAD system for specific type of products. These procedures and steps can be used to develop IICAD system for any type of specific 

products or family of products. IICAD PP system can help engineers during calculation and design of pressure vessels. The paper shows 

that IICAD PP system enables quick calculations of design parameters, automatic generations of 3D geometrical model and automatic 

conduction of numerical analysis for stress and deformation. All these design activities take a lot of time from engineers if they are done 

using conventional methods. 
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1. Introduction 

The basic precondition which every company needs to satisfy to 

be successful is to keep the existing market and eventually to ex-

pand it. To succeed, it is necessary to fulfil the demands of the 

market for long periods. The market continuously puts more com-

plex demands in terms of quality and productivity of designing 

new products [1]. Dominant factors influencing on the success of 

a company are: product quality, speed of development and product 

innovation, cost-effectiveness in all aspects of the company, and 

presence in international markets. Increasing complexity of prod-

ucts which are designed, and the use of new technologies, meth-

odologies and materials, require increasing computer support of 

the design process. Consequently, there is a need for: a quality 

scientific approach and a better understanding of the design pro-

cess, use of many software-based design tools, interaction between 

these tools, and better cooperation between engineers. A lot of 

practical examples which integrate all these components have 

already been developed. [2-5] 

Designing process has a large impact on the cost of the production 

process, and therefore on the profit and the entire business of a 

manufacturing company. This is why a large number of scientific 

research, which is aimed to improve production, put focus to the 

field of computer-aided design (CAD) [6-9]. Research motivated 

by increasing productivity has resulted in intensive research in the 

field of CAD. For the purposes of collecting and formalizing 

knowledge of design in the form of a set of rules and procedures 

which can be expressed in the form of computer software, there is 

a need to develop different computer systems which can support 

mechanical design. Such modular and flexible systems allow an 

engineer to design a specific product using the tools available. 

Such a system becomes an active participant in the design process. 

[7]. 

The above-mentioned systems are often called integrated intelli-

gent CAD systems (IICAD) and are usually developed for a spe-

cific product or family of similar products [10-13]. This paper 

presents the process of developing IICAD system for synthesis 

and stress-deformation analysis of pressure vessels of the type 

shown in Figure 2. The name of the system is IICAD PP system. 

By examining research of other authors, it can be noticed that 

there isn’t a lot of research with integrated intelligent computer-

aided design as main topic. 

2. IICAD PP system 

Development of integrated intelligent CAD system for synthesis 

and stress-deformation analysis of pressure vessels was carried out 

through several phases: 

• Identification of problems and goals, 

• Development of mathematical models, 

• Development of a parametric 3D geometry model, 

• Development of numerical models for stress and defor-

mation analysis, 

• User interface design of a system, 

• Implementation of the system (coding). 

2.1. Identification of problems and goals 

Pressure vessel design and analysis process takes a lot of time 

from engineers [14], [15]. To automate this process, an integrated 

intelligent interactive computer system has been developed. This 

system enables quick calculations of pressure vessel, automatic 

generations of 3D model and automatic generation of results for 

numerical analysis. Architecture of IICAD PP system is given in 

Figure 1. 
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Fig. 1: Architecture of IICAD PP System. 

2.2. Development of mathematical models 

Calculation of pressure vessels shown in Figure 2 can be done 

using the procedure shown in [15]. This calculation procedure is 

implemented in IICAD PP system. 

 

 
Fig. 2: Pressure Vessel: 1 = Shell, 2 = Bottom, 3 = Connection Pipe, 4 = 
Bottom, 5 = Exit Pipe. 

 

Analyses of welded joints on these pressure vessels are not taken 

into consideration in this paper. The goal was to develop a com-

puter system for synthesis and stress-deformation analysis of pres-

sure vessels considering that these vessels are made as one piece. 

This assumption can be taken into consideration due to the follow-

ing facts: 

• Calculation of welded joints in numerical models is done in 

such a way that the welds are modelled as separate parts, 

and then connected to other parts in the assembly using a fix 

connection. Using a fix connection between welds and other 

parts, the numerical model gives the same results as in the 

case of use of a pressure vessel modelled as one part. 

• By testing numerical model with welds and model without 

welds, we can see that the results are the same. 

Calculation of pressure vessels is done using the following proce-

dure [15]. 

Input data: 

• Allowed operating pressure: p (MPa), 

• Pressure vessel diameter: u
D

(mm), 

• Pressure vessel length: L (mm), 

• Operating temperature: T (°C). 

Minimum shell thickness   for cylindrical shell pressure vessel 

can be calculated by: 
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Where: 

v
 (MPa) – Material yield strength, 

S  – Degree of safety, 

z
  – weld weakening factor, 

1
C (mm) – addition for negative deviations of shell thickness, 

2
C (mm) – addition for corrosion, 

2
C (mm) – addition for cladding. 

After calculation it is necessary to choose the first bigger standard 

value for shell thickness. Minimum bottom thickness 
D
  for cy-

lindrical shell pressure vessel can be calculated by: 
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Where: 

2
v u

D D    (mm) – outer diameter of pressure vessel, 

 – bottom type calculation coefficient, 

3
C  (mm) – addition for outer pressure, 

4
C (mm)– addition for other design coefficients. 

After calculation it is necessary to choose the first bigger standard 

value for bottom thickness. Other design parameters can be calcu-

lated by in the case of deep bottom: 

 

0,8
v

R D  (mm),                                                                          (3) 

 

0,1
v

r D  (mm),                                                                           (4) 

 

And in the case of shallow bottom: 

 

v
R D (mm),                                                                                (5) 

 

0,1
v

r D  (mm).                                                                           (6) 

 

 

 
Fig. 3: Sketch.1. 

Data input 

Pressure vessel shell thickness calculation 

Selection of standard shell thickness and bottom thickness 

calculation 

Selection of standard bottom thickness 

Automatic calculation of other pressure vessel design 

parameters 

Automatic generation of calculation report 

Automatic generation of 3D geometric model and starting 

numerical analysis 
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2.3. Development of a parametric 3D geometry model 

Before numerical analysis it is necessary to develop a parametric 

3D geometrical model of pressure vessel. CATIA software is used 

for model development. Pressure vessel is modelled as one part. 

An easier way to model this type of geometry is using Shaft com-

mand. Before Shaft command it is necessary to create Sketch.1 

using geometry shown at Figure 3. After Sketch.1 creation, Shaft 

command is used (Figure 4). 

 

 
Fig. 4: Shaft Command. 

 

The next step in modelling process is creation of pressure vessel 

supports. To model supports it is necessary to create a new plane. 

The new plane will be used to create a new sketch. Supports are 

modelled using Pad command. The last step in pressure vessel 

modelling process is to create a flat surface at the bottom of pres-

sure vessel supports. To create this flat surface, Sketch and Pad 

commands are used (Figure 5). 

 

 
Fig. 5: Creations of Flat Surfaces at the Bottom of Supports. 

 

To enable connection between IICAD PP system and this 3D ge-

ometric model it is necessary to make this model parametric. Par-

ametric model, in relation to nonparametric model, has one big 

advantage: it is fully mathematically defined and controllable, 

because of which it can be connected to IICAD PP system. The 

first step is to rename all geometrical values in all sketches (create 

geometric parameters) (Figure 6). These created parameters can be 

automatically connected with the parameters in the table of pa-

rameters. 

 

 
Fig. 6: Creations of Geometric Parameters. 

 

Beside geometric parameters, it is necessary to create two addi-

tional parameters: a parameter 
v

  and a parameter  . These pa-

rameters can be created using Formula command (Figure 7). 

 

 
Fig. 7: Creation of Parameters Using Formula Command. 

 

As it can be seen, CATIA enables to create parameters which are 

not geometrically connected tothe model; these parameters can be 

used to additionally describe some properties of the model, prop-

erties such as material yield strength, specific density, etc. After 

all parameters creations, it is necessary to create a mathematical 

equation to calculate other geometrical values for the pressure 

vessel (Figure 8). 

 

 
Fig. 8: Created Parameters and Relations. 

 

Parameterization process is finished by creation of table with all 

parameters inside using Table command. It is necessary to choose 

option Create a design table from the pre-existing file; using this 

option, it is possible to link this table with Excel table which is 

already created using IICAD PP system. This table will be auto-

matically updated from IICAD PP system after every calculation. 
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2.4. Development of numerical models for stress and 

deformation analysis 

After development of geometrical 3D parametric model, it is nec-

essary to develop a numerical model for stress and deformation 

analysis. Numerical model implies creation of all elements rele-

vant for numerical analysis of pressure vessel. These elements are: 

material properties, supports, loads, finite element, mesh and re-

sults interpretation. In this way, a user of IICAD PP system can 

automatically carry out an analysis of stress and deformation for 

designed pressure vessel and make some modification if results 

are not as expected. Numerical analysis is done using Generative 

Structural Analysis module in CATIA.  

The first step is to create finite element mesh using OCTREE 

Tetrahedron Mesh command. 3D parabolic element is used (Fig-

ure 9). 

 

 
Fig. 9: Creating Finite Element Mesh. 

 

The second step is to put supports and loads. It is necessary to put 

Clamp support to the bottom of flat surface on pressure vessel 

supports and to put Pressure load on all surfaces of shell with the 

direction to outside (Figure 10). 

 

 
Fig. 10: Supports and Loads. 

 

The final step of numerical analysis is to define which results will 

be shown. It is set to show results for Von Mises stress, displace-

ments and principal stress. The results of numerical analysis for a 

specific case of pressure vessel size and loads are shown in Figure 

11. 

 

 
Fig. 11: Results of Numerical Analysis (Von MisesStress). 

2.5. User interface design of a system 

IICAD PP system is designed through two forms: home form 

(Figure 12) and main form (Figure 13).  

 

 
Fig. 12: Home Form. 

 

Home form has only one drop-down menu. Using this drop-down 

menu, the user can create a new file or close the system. Main 

form has several parts. On the top of the main form there is a rib-

bon with Open and save buttons. Using these buttons, the user can 

open already saved data or save current data. 

 

 
Fig. 13: Main Form. 

 

The first step in design and analysis process of pressure vessel is 

to enter input data after which the user can click on the button 

CALCULATE and the system will calculate shell thickness. Next 

step is to choose the first bigger standard value for shell thickness, 

after which the system will automatically calculate bottom thick-

ness. After the user chooses the first bigger standard value for 

bottom thickness, the system will automatically calculate other 

design parameters of pressure vessel. After calculation, the user 

can automatically generate a full report of calculation in the form 

of .docx file by clicking on the button GENERATE REPORT. 

Final step is to automatically generate 3D geometric model of 

pressure vessel and to start numerical analysis by clicking on the 

button OPEN CATIA PART and CATIA STRUCTURAL 

ANALYSIS. As it can be seen from the above, using IICAD PP 

system the user can carry out full design process and numerical 

analysis of pressure vessel through just a few clicks. This process 

usually takes days, in some cases even months of work. 
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3. Conclusion 

Product design process, as a part of development process of prod-

uct, must be done taking in consideration all necessary aspects 

(analysis of market, technical, technology, functional, economical, 

ergonomic, aesthetic and productivity properties). It is a complex 

process which includes a lot of modern procedures which must be 

carried out by teamwork of many engineers and designers with 

various types of background. In last few years, computer-aided 

design (CAD), computer-aided manufacturing (CAM), and prod-

uct data management (PDM), including their integration, are in 

focus of research with the goal to increase the level of automation 

of design and manufacturing process. Some of CAD systems (NX, 

CATIA, Pro/ENGINEER) already have some functions for inte-

grated product design (connection with analytical calculation, 

connection with parametric 3D models based on productivity 

properties, connection with CAM, etc.), but most of them still use 

classical conventional methods for product design which usually 

must be carried out sequentially. Sequential and non-intelligent 

approach is time consuming and expensive, it does not take in 

consideration automation of product design and manufacturing 

either. To define an economically and ergonomically sustainable 

design solution, it is necessary to perform all steps at the same 

time (planning, design, ergonomic and economic analysis). Com-

petitive engineering (CE) points out that it is necessary to continu-

ously consider additional demands, which can appear later, from 

the beginning of design process; it is also necessary to have con-

tinuous information exchange between all participants in design 

process. All demands mentioned above can be achieved by devel-

opment of intelligent integrated CAD systems like IICAD system 

presented in this paper. The goal of the paper is to present proce-

dures and steps to develop IICAD system for specific type of 

products. These steps and procedures can be used to develop 

IICAD system for any type of specific products or family of prod-

ucts. The paper presented IICAD PP system, a system which can 

help engineers during calculation and design of pressure vessels. 

From the paper we can see that IICAD PP system enables quick 

calculations of design parameters, automatic generations of 3D 

geometrical model and automatic conduction of numerical analy-

sis of stress and deformation. All these design processes take a lot 

of time from engineers if they are done using conventional meth-

ods. From this paper it can been seen that development of IICAD 

systems is justified and it can be expected in the future that these 

systems will be developed in small companies for calculations and 

design of specific products. Future development of IICAD PP 

system can go in several directions, to include welded joints, to 

include automatic generations of technical documentation for 

designed pressure vessel or to include different types of pressure 

vessels. 

References 

[1] Saric I, Muminovic A, Colic M &Rahimic S (2017), Development 

of integrated intelligent computer-aided design system for mechan-

ical power-transmitting mechanism design. Advances in Mechani-
cal Engineering 9, 1–16. 

https://doi.org/10.1177/1687814017710389. 

[2] Hui-Xia L, Wei W, Xiao W &Lan C (2008), Development of a 
Knowledge-Based Intelligent CAD System for Automotive Panel 

Die. Journal of Advanced Manufacturing Systems 7, 51–54. 

https://doi.org/10.1142/S0219686708001012. 

[3] Lin B-T, Chan C-K & Wang J-C (2008), A knowledge-based para-

metric design system for drawing dies. International Journal of Ad-

vanced Manufacturing Technology 36, 671–
680.https://doi.org/10.1007/s00170-006-0882-y. 

[4] Liao YH, Liu GJ & Sun XG (2014), Development of an Intelligent 

CAD System for Involute Cylindrical Gear Cutting Tools. Applied 
Mechanics and Materials 532, 249–

252.https://doi.org/10.4028/www.scientific.net/AMM.532.249. 

[5] Milčić D (2008), Integrisaniprogramskisistemzakonstruisan-
jeprenosnikasnage – vezasa CAD sistemom. IMK-14 Istraživanje i 

razvoj XIV, 91–98. 

[6] Colombo G, MoscaA&Sartori F (2007), Towards the design of in-

telligent CAD systems: An ontological approach. Advanced Engi-
neering Informatics 21, 153–

168.https://doi.org/10.1016/j.aei.2006.11.003. 

[7] Saric I, Development of Integrated CAD System for Design of Me-
chanical Power Transmissions. Doctoral Dissertation, Faculty of 

Mechanical Engineering Sarajevo, Sarajevo, September 2014 

[8] Rio-Cidoncha MGD, Martinez-Palacios J &Ortuño-Ortiz F (2007), 
Task automation for modelling solids with CATIA V5. Aircraft 

Engineering and Aerospace Technology 79, 53–
59.https://doi.org/10.1108/00022660710720494. 

[9] Sanders D, Tan YC, Rogers I & Tewkesbury GE (2009), an expert 

system for automatic design-for-assembly. Assembly Automation 29, 
378–388. https://doi.org/10.1108/01445150910987808. 

[10] Novak M, Dolšak B (2000), an Intelligent Computer System for 

Supporting Design Education. Strojniškivestnik – Journal of Me-
chanical Engineering 46, 383–390. 

[11] Zha XF &Howlett RJ, Integrated Intelligent Systems for Engineer-

ing Design, IOS Press, (2006) 
[12] Tickoo S, CATIA V5R20 for Designers, CADCIM Technologies, 

(2010) 

[13] Yang DY, Ahn DG, Lee CH, Park CH & Kim TJ (2002), Integra-
tion of CAD/CAM/CAE/RP for the development of metal forming 

process. Journal of Materials Processing Technology 125–126, 26–

34. https://doi.org/10.1016/S0924-0136(02)00414-4. 
[14] Zamani NG & Weaver JM, Catia V5 Tutorials: Mechanism Design 

& Animation Release 20, SDC Publications, (2011) 

[15] Repcic N &Muminovic A, Mechanical Elements II, Faculty of Me-
chanical Engineering Sarajevo, Sarajevo, (2007). 

https://doi.org/10.1177/1687814017710389
https://doi.org/10.1142/S0219686708001012
https://doi.org/10.1007/s00170-006-0882-y
https://doi.org/10.4028/www.scientific.net/AMM.532.249
https://doi.org/10.1016/j.aei.2006.11.003
https://doi.org/10.1108/00022660710720494
https://doi.org/10.1108/01445150910987808
https://doi.org/10.1016/S0924-0136(02)00414-4

