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Abstract—The design of pressure vessel is an extremely 
professional job which has heavy workload, repeated work, 
and rich accumulated knowledge, and it has good character-
istics of serialization, generalization, standardization. Ge-
neric 3D CAD systems are not suitable for pressure vessel 
design. On the contrary, customized development based on 
3D CAD system is needed. In this paper, a new pressure 
vessel design system based on Chinese 3D CAD system 
named SINOVATION was developed to improve design 
efficiency and accuracy. First, the functions and construc-
tion of pressure vessel design system were presented with 
the analysis of the traditional design process of pressure 
vessels. Second, related design specifications were managed 
and used flexibly in pressure vessel design system, and gen-
eral parts library and standard parts library were estab-
lished to improve parts reuse and accumulation. Finally, a 
guiding design mode was accepted for typical vessels and 
components to design same product series while direct mod-
eling function was used for atypical pressure vessels. The 
results show that this method is helpful for embedded use of 
design specifications, standards and knowledge, and also 
provides an extensive interface for product updates and 
diversification. Statistical data reports and accurate engi-
neering drawings are generated automatically based on 3D 
models. The quality, efficiency, and consistence are greatly 
improved. With the implementation and application, the 
system has been highly commended by customers in Chinese 
pressure vessel industry, especially in petrochemical indus-
try. 

Index Terms—pressure vessel, design guide, standard parts 
library, three-dimensional modeling  

I. INTRODUCTION 
Pressure vessels are used for many industrial processes, 

for example in petrochemical plants, off-shore oil rigs, 
and gas storage and control systems. In each case pressure 
vessels must be carefully designed to cope with the oper-
ating temperatures and pressures [1-2]. The size and geo-
metric form of pressure vessels vary greatly from the large 
cylindrical vessels used for high-pressure gas storage to 
the small size used as hydraulic units for aircraft [3]. The 
design of pressure vessels has become vitally important 
for engineers to meet the increasing service demands, 
quality requirements and safety legislation. In pressure 
vessel design process, engineers need to understand the 
fundamental principles underlying the methodologies of 
dozens or even hundreds of design standards codes. Pres-
sure vessels need strict calculations and analysis, lots of 
engineering drawings, several kinds of statistical data. So 
the design of pressure vessel is an extremely professional 

job which has heavy workload, repeated work, and rich 
accumulated knowledge [4]. At present, CAD tools are 
becoming increasingly powerful, and they provide users 
with more efficiency and improve the overall performance 
of design activities [5]. Because of the professional and 
special of pressure vessel design, all the generic 3D CAD 
systems are not good choices for pressure vessel design. 
As pressure vessels also have good characteristics of seri-
alization, generalization, and standardization, pressure 
vessel design is very suitable for customized development 
of 3D CAD system.  

There are several professional 3D design systems for 
pressure vessels already existing in the world. Because of 
their high cost of purchasing and maintenance, poor cus-
tomization, different design ideas and national standards, 
they can’t meet the requirements of Chinese domestic 
enterprises. As a result, the majority of Chinese pressure 
vessel design and manufacturing enterprises are still using 
2D CAD systems, which seriously restrict enterprise de-
sign efficiency and capability of independent innovation, 
and lead to lots of problems, such as enterprise data incon-
sistent and poor ability of collaborative design.  

Therefore, a pressure vessel design system based on 
Chinese 3D CAD system named SINOVATION is re-
searched on and developed to solve problems above. In 
this paper, an overview of the traditional design process of 
pressure vessels is presented in order to analyze the corre-
sponding requirements. Then the functions and construc-
tion of pressure vessel design system is proposed. At last, 
the system is developed and applied in several petrochem-
ical enterprises. 

II. DESCRIPTION OF THE PROBLEM 
The traditional design process of pressure vessels main-

ly includes several stages which are analysis of design 
conditions, proposal of design scheme, review of design 
scheme, detailed design, design check and review. There-
in, the detailed design is the design stage with largest 
workload and most complex task, which directly affected 
the entire product design efficiency. So it will have a posi-
tive impact on pressure vessel design quality and efficien-
cy with work reduces in the detailed design stage. 

The detailed design stage includes vessel calculation 
and analysis, generation of finished files, and overall anal-
ysis and output. The design process is shown in Figure 1. 
As can be seen from the figure, detailed design of pressure 
vessel involves a lot of calculation, analysis and drawing 
work, produces design calculations, 2D drawings and 
related statistical data, and also needs to establish 3D 
models for product simulation and analysis [6-7]. In the 
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traditional design process, 2D drawings are separated 
from 3D models, which lead to repetitive design work and 
design defects. So pressure vessel design system based on 
3D CAD should solve problems above occurred in tradi-
tional design processes. 

III. STATE OF THE ART 
As pressure vessel design is a professional and special 

work, only a few scholars study the design system of 
pressure vessels. Sato T., Nomoto T., Kado K., et al [8] 
established a new user-friendly structural design system 
for pressure vessels which is based on finite element stress 
analyses, and fundamental performances of the system are 
demonstrated through the analysis of a top nozzle. H. J. 
Aziz [9] developed a simple, time saving, user-friendly 
and in-house software to support design system for pres-
sure vessel design using MatLab r2009a. Zhu M. S., Long 
W., and Yin L. I. [10] developed an integrated system of 
parameterized design and defects assessment of pressure 
vessels based on software of Visual Basic 6.0 and ANSYS. 
The key technology of the system is design of the APDL 
(ANSYS Parametric Design Language) templates and 
method of the establishing of finite model of pressure 
vessels containing defects. Using parameterized design 
technique and VBA tools, Yun N. I., Zheng Y. P., and 
Sheng J. S. [11] developed Pressure Vessels CAD system 
based on AutoCAD. The system realized the automatic 
design process from data to drawing, and it has a friendly 
interface and runs smoothly. I. J. S. Attwater J. Ander-
son G. E. Findlay [12] researched on a knowledge based 
system for the design of pressure vessel, and combined 
disparate software to form an integrated pressure vessel 
design system. Song Y. D. [13] made a modern design 
system for pressure vessels, judge failure reasons rapidly 
and table proposals. As mentioned, most of the design 
systems separate pressure vessel design process with CAD 
system, or use 2D CAD. This does not conform to the 
trend of 3D design in nowadays. So a pressure vessel 
design system based on 3D CAD system is required for 
pressure vessel industry. 

IV. METHODOLOGY 

A. System Structure 
According to the functional requirements described 

above, a pressure vessel design system is presented, and 
its structure is shown in Figure 2. The system is divided 
into six functional layers which are basic core layer of 
SINOVATION, general function layer of SINOVATION, 
data maintenance layer, system data layer, system com-
mand layer and industrial application layer. 

(1) Basic core layer of SINOVATION: It mainly plays 
a supporting role for CAD system, and manages the corre-
sponding memory use, graphics display, interaction with 
operating systems and system log. It also manages various 
function libraries for modeling, drawing and assembly, as 
well as associated graphics display, database management 
and development, etc. The basic core layer is the basis to 
achieve the upper functions, and is also the kernel part of 
CAD system. 

(2) General function layer of SINOVATION: Provides 
various general functions, such as 3D modeling, engineer-
ing  drawings,  assembly  modeling,  guided  design, data  

 

 
Figure 1.  Design process of pressure vessels 

 
Figure 2.  The structure of pressure vessel design system 

exchange and more, which covers basic function modules 
for product design and manufacturing. 

(3) Data maintenance layer: Provides tools for standard 
parts customization, template generation and management 
in order to maintain data consistency with customer needs.  

(4) System data layer: This layer is used to save system 
background data, including various types of general parts, 
standard parts and drawing templates.  

(5) System command layer: According to the character-
istics of pressure vessels, provides specialized tools for 3D 
modeling, data statistics, auto-drafting, and special model-
ing.  

(6) Industrial application layer: Through the combina-
tion of the above five layers, a specialized design system 
for pressure vessels is formed to support calculation, mod-
eling, product file generation, analysis and output work 
for several types of pressure vessels and components. 

B. System functions 
With the analysis of product characteristics and design 

processes of pressure vessels, the pressure vessel design 
system provides the following functions. 

(1) Design pressure vessel with 3D CAD 
3D models contain product information more than 2D 

drawings, and have the characteristic of intuitive design 
[14]. It is easier to find the problems in product design and 
avoid errors transfer to the drawings, manufacturing, as-
sembly, or other stages. In addition, 3D CAD system can 
finish calculation work for physical and geometrical prop-
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erties of every part or component, and also can do me-
chanical analysis avoid remodeling. Therefore, design 
with 3D CAD is an inevitable developing trend of product 
design methods. Some 3D part models with annotations 
are shown in Figure 3. 

 (2) Establish general parts library and standard parts li-
brary 

The structure and shape of pressure vessel parts are uni-
formed into several kinds of specifications, and parts are 
always used interchangeably in the same specification. 
General parts library and standard parts library are needed. 
Figure 4 shows several general parts which are frequently 
reused in pressure vessel design. In order to adapt to in-
dustry development, the library should be customizable
[15].  

 (3) Manage and flexibly use standards and specifica-
tions 

In pressure vessel design, various types of standards 
and specifications must be referred to [16-18]. So industry 
design standards, manuals and special formulas should be 
embedded in product design process to avoid devastating 
accidents and improve product design efficiency and qual-
ity. 

(4) Provide flexible plotting capabilities 
For pressure vessels, engineering drawings should ex-

press not only the product structure, shape, size, and per-
formance, but also manufacturing, installation and other 
technical requirements. Therefore, according to different 
vessel types, national standards and industry specifications, 
pressure vessel design system should support user defined 
2D plotting rules and provide related engineering draw-
ings based on 3D models with the construction require-
ments of pressure vessels.  

(5) Apply design guide in typical pressure vessel design 
The design methods and design processes of some typi-

cal pressure vessels are relatively standardized, and have 
accumulated a wealth of knowledge and engineering 
checking rules [19]. So it is perfectly appropriate to use 
design guide for typical pressure vessels, and it is a good 
way to integrate design rules and knowledge into 3D CAD.  

(6) Support atypical pressure vessel design with direct 
modeling 

In addition to typical pressure vessels, roughly 20% of 
pressure vessels are atypical pressure vessels, which are 
not suitable for design guide technology [19]. In order to 
improve the design efficiency of atypical pressure vessels, 
direct modeling based on general modeling function is 
essential to model rapidly by modifying similar 3D mod-
els.  

(7) Develop professional design and assembly module 
By analyzing the composition, structure and assembly 

of pressure vessels, it can be found that the part species is 
relatively fixed, the structure are serial and standardized, 
and they always assembled with certain rules and regula-
tions. Therefore, professional design and assembly mod-
ule for pressure vessels should be developed to provide 
efficient modeling and assembly tools based on various 
structural features. In the pressure vessel design system, 
three location methods are provided for product design or 
assembly, which are rectangular coordinate method, cy-
lindrical coordinate method and spherical coordinate 
method. Most parts can be designed and positioned with 
these methods (shown in Figure 5). 

V. RESULT ANALYSIS AND DISCUSSION 
Following the above function and structure design, a 

pressure vessel design system is developed, and it can be 
used in enterprise preliminary design, detailed design, and 
manufacturing and maintenance phases. The correspond-
ing process is shown in Figure 6.  

In preliminary design stage, the system can only use 
about 10 minutes to rapidly establish a pressure vessel 
model making use of the guiding design mode. Moreover, 
it can automatically statistics related parts and materials 
for cost estimate, which is greatly helpful in submitting a 
project tender.  

 
Figure 3.  3D models with three-dimensional annotations 

 
Figure 4.  Examples of parts library 

     
Figure 5.  Location methods based on three different coordinate sys-

tems. (a) Rectangular Coordinate, (b) Cylindrical Coordinate, (c) Spher-
ical Coordinate 

 
Figure 6.  The work process of pressure vessel design system 
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In detailed design stage, it can import XML files from 
PV Desktop and build product 3D models automatically 
according to information from files analysis. For typical 
pressure vessels, based on 3D models from preliminary 
design or XML files analysis, the system can add or adjust 
part detail structure following customer requirements, or 
some kinds of standards and calculation analysis, then 
finish the detailed design of this typical vessel. For atypi-
cal pressure vessels, the system can provide professional 
tools and direct modeling function to support rapid design.  

In manufacturing and maintenance stage, on the basis 
of detailed design, users can get statistical data reports and 
accurate engineering drawings used for vessel manufac-
turing, project construction and post-maintenance etc. 

In the pressure vessel design system, design guide is an 
important guarantee to improve design efficiency and 
quality. Taking a simple horizontal pressure vessel design 
as an example in Figure7, completion of model A requires 
at least four steps from B to E.  

Step 1 is rapid modeling with design guide. In this step, 
select “horizontal pressure vessel” design template (shown 
in Figure 8), start design guide for horizontal pressure 
vessel, and complete related information of 10 tabs which 
consist of design specifications, design conditions, vessel 
structures, earthquake load, wind load, medium parame-
ters, insulation, lining layer, mixed soil and design options. 
Through above operations, model B in Figure 7 can be 
rapidly completed.  

Steps 2 to 4 are modeling for basic components. Users 
should select water drum, liquid level gauge and manhole, 
then finish design and modeling for related components 
following the design guide. Taking manhole for example, 
select manhole command and start manhole design guide. 
Later, complete 5 tabs which are design condition, nozzle 
parameters, structure parameters, connecting format and 
design options, shown in Figure 9. At last, model E can be 
accomplished.  

There is a rapid engineering drawing while the whole 
pressure vessel model is accomplished. Various types of 
construction drawings can be rapidly completed by choos-
ing drawing template of horizontal pressure vessel.  

In addition, the guiding design system for pressure ves-
sels provides a 3D viewer to browse online lightweight 
models with mobile devices anywhere conveniently in 
construction or maintenance stage, shown in Figure 10. 
This method can significantly improve the design, con-
struction and maintenance efficiency of the pressure ves-
sel. 

Through the application of this pressure vessel design 
system, product design efficiency and quality are greatly 
improved. All the calculation, design and output data is 
shown in 3D models, which avoid a repeat data input and 
ensure the data unification. With automatic engineering 
drawings and data statistics, the work efficiency of draw-
ings and statistics can be improved more than 80%, and 
the efficiency can be also improved 50% at least consider-
ing drawing modification work. In addition, the drawings 
are extremely standard, and the view location and projec-
tion angle between different drawings are exactly the 
same. So there is no need to repeatedly check the drawing 
quality, and the efficiency of proofreading and checking is 
also raised. 

 

 
Figure 7.  An example of a simple horizontal pressure vessel design 

 
Figure 8.  Select “horizontal pressure vessel” design guide 

 
Figure 9.  Structure parameters in manhole design guide 

 
Figure 10.  Browse online petrochemical equipment models with mobile 

devices 
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VI. CONCLUSIONS 
The design of pressure vessels has become vitally im-

portant for engineers to meet the increasing service de-
mands, quality requirements and safety legislation. In 
order to provide a convenient and professional design tool 
to engineers, a guiding design system for pressure vessels 
based on a domestic 3D CAD system SINOVATION is 
constructed and implemented. An example of horizontal 
pressure vessels is presented to verify the efficiency and 
quality. The main conclusions of this paper are presented 
below. 

(1) In pressure vessel industry, general parts library and 
standard parts library are required for designers to reduce 
repeated work and corresponding intensity. It can summa-
rize the characteristics of similar parts, and integrate de-
sign experience and formula with 3D models. 

(2) The design guide is presented for typical vessels and 
components, and a professional design and assembly 
module is included. This method can guide the designer to 
finish work step by step, even if there is no design experi-
ence. At the same time, it also can provide accurate posi-
tioning for product design and assembly. 

(3) An example of horizontal pressure vessels is pre-
sented. According to the statistics, the work efficiency of 
drawings and reports can be improved more than 80%, 
and the efficiency can be also improved 50% at least con-
sidering drawing modification work.  

Overall, It is approved that several benefits can be 
achieved by the use of this system. Such as, product de-
sign efficiency and quality are greatly improved, data 
accuracy and unification are ensured, and proofreading 
and checking work are reduced with automatic engineer-
ing drawings and data statistics. The system is very help-
ful to design pressure vessels. Next, we will make up for 
the limitations of CAE analysis, and integrate CAE pro-
cess into the design guide, but not only input analysis 
results. 
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