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Abstract— This paper reviewed and investigated the main 

approaches, methods and means of extracting design 

documentation from PLM systems widely used in production. The 

authors proposed a new method for extracting data from design 

solutions of CAD, which allows extracting data and parameters as 

a result of analyzing design solutions, highlighting the history of 

building a three-dimensional model of a complex technical 

product, describes the main models and algorithms. The authors 

proposed a theoretical assessment of the effectiveness of the 

designer’s activities using the system for extracting design 

characteristics from PLM. 
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I. INTRODUCTION  

Modern production in the digital economy requires the 
acceleration of the design process and technological preparation 
of production (KTPP). In modern reality, this can be partially 
achieved through a parallel, descending or ascending design. 
Such technologies lead to collective work on the project, 
reducing the time to develop a large block. Significant 
reduction in time can be achieved through automated 
workflows. Such workflows are aimed at managing the project 
and reducing the time required to approve the developed project 
documentation (KD) or process documentation (TD) in 
electronic form. 

PLM-systems are intended for storage of design and 
technological projects in which projects with output documents 
are attached to the electronic structure of the product [1-3]. In 
the conditions of a large design and production enterprise in 
which the number of nomenclature exceeds 1.5 million 
positions and the number of developers (design engineers, 
process engineers, programmers engineers, etc.) is more than 
1,000 people, the shortening of the time of the KTPP, which is 
to develop and coordination of design and technological 
documentation (KTD) is more than relevant. It should also be 
noted that in large design and production enterprises producing 
complex equipment, product design is carried out in different 
divisions, divided into areas. Thus, the problem of analyzing, 
controlling, optimizing and reengineering the processes of 
modeling design solutions, which involve specialists from 
various departments and services of a large design and 

production enterprise, and active use of CAD tools, is relevant 
and of great practical importance. 

The authors propose a new method for extracting data and 
design characteristics of products from PLM systems [4] 
LOTSMAN [5], SAP AG [6], BAAN [7], TeamCenter 
Engineering [8], ENOVIA [9], SmarTeam [10], design 
solutions which are made using CAD tools to reduce the 
development time of the final product.  

The article consists of an introduction representing the 
relevance of the topic, Related Work - a comparison of the 
author's method with the existing ones, a description of the 
method itself is given in section III. DEVELOPMENT OF A 
METHOD FOR EXTRACTING PROJECT 
CHARACTERISTICS. 

II. RELATED WORK 

We considered the main auxiliary tools, plug-ins, which 
allow to obtain a constructive description of the design 
solutions made in CAD, forming the history of the construction 
of design solutions and displaying it to the designer. 

ADEM [11]. The system is a set of software tools that allow 
for the production of three-dimensional hybrid modeling of 
CAD objects, flat modeling and drafting, receiving drawings 
from a three-dimensional model, computer processing of paper 
drawings, design documentation, data exchange between 
different CAD systems. Almost all known methods for 
constructing volumetric bodies are implemented in the system: 
displacement, motion, rotation, along sections, along a grid, 
merging, etc. Many types of construction in the system have 
additional features, for example, taking into account the normal 
to the reference surface. All constructions are reflected in the 
tree, in which you can make changes with the subsequent 
regeneration of the model. 

Creo Flexible Modeling Extension [12]. Сreo FMX 
(Flexible Modeling Extension) gives engineers the ability to 
edit a 3D model using “direct modeling” techniques while 
maintaining the original model building history. This simplifies 
working with data from other CAD systems and with models in 
which significant changes need to be made without disrupting 
the design intent. For example, when checking various versions 
of a model for strength or when developing a model for a 
casting tool or a control program. 

The research is supported by a grant from the Ministry of Education and 
Science of the Russian Federation, project No. 2.1615.2017/4.6. The reported 
study was funded by RFBR according to the research project № 17-07-01417. 
The reported research was funded by Russian Foundation for Basic Research 
and the government of the region of the Russian Federation, grant № 18-47-
730032. 



Geomagic Design X [13]. The software for processing 3D 
scanning data allows you to create virtual three-dimensional 
models of physical objects in order to perform geometry control 
and reverse engineering in CAD / CAM / CAE systems. This 
software product offers a complete set of necessary functions - 
starting from processing the information obtained from the 3D 
scanner to building a parameterized solid-state or surface model 
for subsequent reverse engineering (obtaining technical 
documentation, preparing production, transferring geometry to 
CAM systems to create control programs for CNC machines, 
etc.). 

In [14], a CAD system was described in which the process 
of extracting data from a design solution of a CAD system 
focuses on the use of data template search algorithms, which 
allows to achieve better results compared to traditional 
information processing methods. For a complete description of 
knowledge about the process, the information model of the 
process should be based on a complete analysis of the 
information used in the process of developing the TP. The 
information model includes all the main objects of the process 
(product, parts, production resources, route, etc.). The 
information model is a composite structure and is formed from 
an orderly combination of data and knowledge about details, 
production and human resources, organization of business 
processes, etc. The information model sets the protocol for 
acquiring knowledge in the CAD database of the TP by 
standardizing the description of the process elements in the 
database. 

In [15], the problem of storing and retrieving data from 
design solutions in various CAD systems used in the design and 
modeling processes of complex technical products in industrial 
enterprises was considered. Making changes and adding 
building operations becomes a very difficult task for a designer 
who does not have access to directly change the 3D geometry 
of a design solution. There are a number of ways to import data 
created in other CAD systems and presented in different 
formats, but they all have certain limitations, as a result of 
which the designer in a particular situation only has to choose 
the lesser of evils. Of course, the best is, of course, the design 
solution in the “native” format of the system used, but this is 
not possible if you have to use data created in different CAD 
systems. The alternative is to apply a standard neutral format, 
for example DXF [16], STEP [17-19] or IGES [20, 21]. This 
method is the most economical and provides maximum 
compatibility when exchanging data, but it is far from the most 
reliable: quite often edges, surfaces, solids and other elements 
disappear during the conversion. 

In [22], the authors analyzed the modern visualization tools 
for 3D objects in a web environment (JNetCAD, JSC3D, 
Babel3D Online Viewer, A360 Online Viewer), reviewed 
engineering and computer graphics formats, format converters 
(CADExchanger, Babel3D, Online CAD File Converter), the 
author developed a universal tool for extracting textual and 
solid model descriptions of any part and assembly from CAD 
KOMPAS-3D and presenting it in the web environment. 

III. DEVELOPMENT OF A METHOD FOR EXTRACTING PROGECT 

CHARACTERISTICS 

The essence of the method lies in the construction of a 
semantic model of a design solution of engineering products 
made in CAD, or objects created in PLM-systems as a result of 
the work of the designer with specialized plug-ins. The method 
allows to extract data and parameters as a result of the analysis 
of design decisions, highlighting the history of building a three-
dimensional model of a complex technical product, as well as 
numerical characteristics of the parameters of design operations 
of solid-state modeling in CAD. 

The history of the construction of a design solution is 
understood as a sequence of design operations performed by a 
designer in CAD, forming as a result a three-dimensional solid 
model. The history of construction, as a rule, is displayed in the 
form of a tree consisting of a set of initial and derived modeling 
objects. It is worth noting that each element included in the tree 
of the model of the design decision has a unique name or 
identifier. In modern CADs, the construction history of a design 
solution is necessary to limit and establish the relationship 
between the elements of the three-dimensional model tree, 
allowing you to control the designer’s changes made by him 
while editing the design solution, and monitor all stages of the 
final technical product change. 

We have developed a number of models that constitute the 
scientific basis of the method for extracting data using the 
template for determining the characteristics and parameters of 
a design solution. The initial data for the attribute analysis of 
the design solution of a PDM system are the technical 
requirements (TT) for a specific part or assembly unit (DSU) 
obtained from the technical requirements of the customer or 
technical specifications for the design of the SCH. Model TT 
has the following form: 

 𝑇𝑇 =  (𝑅𝑒𝑔, 𝑉𝑎𝑙𝑢𝑒, 𝑀𝑒𝑠, 𝐹_𝑝𝑅𝑒𝑔),  (1) 

where Reg is the set of requirements of products; Value is 
the set of values of requirements; Mes is the set of unit values; 
F_pReg - the function of forming a list of the requirements to 
the product as a whole defined in the TT and to the design 
solution in particular, the description of which is given by the 
expression  

𝐹_ 𝑝𝑅𝑒𝑔 =  𝑅𝑒𝑔 ×  𝑉𝑎𝑙𝑢𝑒 ×  𝑀𝑒𝑠 →  𝐿_𝑅𝑒𝑔𝑃𝑎𝑟𝑎𝑚𝑠. 

On the basis of the proposed model, the technical 
requirements of the design solution form the ontological 
concept of “TT” in the form of values of the ontological 
database, which generates a list of necessary requirements and 
their values in the form of an interrelated relationship, as well 
as the characteristics of the CAD design solution and parameter 
values in the corresponding units of measurement. The formed 
list of parameters and characteristics of the DSE is used in the 
verification of the design solution made in engineering CAD. 

We have developed an algorithm for the formation or 
addition of technical requirements for the product, which is 
presented in Fig. 1 and consists of the following steps: 

1. Getting started on the formation of the technical 
requirements of the product. 



2. Consideration of the technical requirements of the 
customer. 

3. Check for the presence of a product in the PDM-system 
project tree. If the product does not take into account all the 
characteristics, then go to step 5. If the values of the 
characteristics have changed, then go to step 6. 

4. Creating concepts of DSE and Technical Requirements. 
5. Highlighting requirements for the product. 
6. Filling requirements with values. 
7. Completion of work. 

 

Fig.  1. Algorithm for the formation of requirements for the product 

The technical assignment model (TZ) represents the 
attribute part of the corresponding PDM-system object related 
to the terms of performing the tasks and their performers, and 
also includes the technical requirements model. Model TZ has 
the form: 

𝑇𝑍 =  (𝑇𝑎𝑠𝑘, 𝑆𝑡𝑎𝑡𝑒, 𝑇𝑇𝑠, 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠, 𝑃𝑒𝑟𝑠𝑜𝑛, 𝐷𝑇_𝑆𝑡𝑎𝑟𝑡, 

𝐷𝑇_𝐹𝑖𝑛𝑖𝑠ℎ, 𝐷𝑇_𝑝𝑙𝑎𝑛, 𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟, 𝐹_𝑡𝐿𝑖𝑠𝑡),  (2) 

where Task is the set of job descriptions for design; State - 
a set of admissible states characterizing the life cycle of a 
technical task; TTs - many technical requirements; Controls - a 
set of rules and conditions checks; DT_Start - the actual start 
date of work; DT_Finish - the actual end date of the work; 
DT_Plan - planned completion date; Customer - many 
development customers; Person - many developers; F_tList - 
the function of forming a list of the requirements for a design 
solution defined in the TZ when the designer works in CAD, 
the description of which is given by the expression 

𝐹_𝑡𝐿𝑖𝑠𝑡 =  𝑇𝑎𝑠𝑡 ×  𝑇𝑇𝑠 ×  𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠 →
 𝐿_𝑅𝑒𝑔𝑃𝑎𝑟𝑎𝑚𝑠. 

On the basis of the proposed model for the specification of 
a design solution, the concept of “TZ” is formed in the form of 
ontological database values, in which a list of necessary 
requirements is generated with the values of the CAD design 

solution in the form of an interconnected relationship, and 
deadlines are generated. 

The generated data on TZ are used to control the timing of 
the implementation of the design solution, made in engineering 
CAD. 

We have developed an algorithm for the formation or 
addition of technical specifications for the product, which is 
presented in Fig. 2 and consists of the following steps: 

1. Getting started on the formation of technical 
specifications for DSE. 

2. Consideration of the technical requirements of the 
customer. 

3. Consideration of product requirements. 
4. Description of the list of works. 
5. Determination of technical requirements for the 

component part of the product (SCH). 
6. Check for the presence of a product in the PDM-system 

project tree. If the product does not take into account all the 
requirements, then go to step 8. If the requirements have 
changed, then go to step 9. 

7. Creating concepts of DSE and Technical Requirements. 
8. Highlighting requirements on SCH. 
9. Filling requirements with values. 
10. Completion of work. 

 

Fig.  2. Algorithm of formation of requirements on SCH 

The initial data for the analysis of the history of building 
design solutions for CAD [23-25] are three-dimensional models 
of parts and assembly units (DSE) of engineering products, the 
model of which is as follows: 



𝐷𝑆𝐸 =  (𝑃𝑟𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠, 𝑇𝑦𝑝𝑒, 𝐶𝑙𝑎𝑠𝑠, 𝑆𝑡𝑎𝑡𝑒, 𝐷𝑒𝑠𝑖𝑔𝑛𝑡𝑖𝑜𝑛, 

𝑁𝑎𝑚𝑒, 𝐹_ℎ𝑖𝑠𝑡𝑜𝑟𝑦) (3) 

where PrOperations is a set of design operations of CAD, 
which make up the history of building a three-dimensional 
model of an engineering product; Type - many types of DSEs 
that are possible to perform in CAD; Class - many classes of 
DSEs in CAD; State is the set of possible states of the DSU that 
characterize its life cycle; Designation - many designations 
DSE; Name - many DSU names; F_history - the function of 
forming the history of building a design solution when the 
designer works in CAD, the description of which is given by 
the expression 

𝐹_ℎ𝑖𝑠𝑡𝑜𝑟𝑦 =  𝑃𝑟𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 ×  𝑇𝑦𝑝𝑒 ×  𝐶𝑙𝑎𝑠𝑠 →
 𝐿_ℎ𝑖𝑠𝑡𝑜𝑟𝑦. 

The model of design operations of solid-state three-
dimensional modeling in CAD has the following form: 

𝑃𝑟𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 =
 (𝐼𝑑, 𝑃𝑟_𝑡𝑦𝑝𝑒, 𝑃𝑟_𝑝𝑎𝑟𝑎𝑚𝑠, 𝐹_𝑙𝑖𝑠𝑡_𝑝𝑟𝑂), (4) 

where Id is the set of identifiers of project operations in the 
history of building a three-dimensional model of the DSE in 
CAD; Pr_type - type of project operation; Pr_params - a set of 
parameters for design operations of CAD; F_list_prO - the 
function of forming the sequence of the design operations 
performed by the designer for three-dimensional solid modeling 
in CAD, the description of which is given by the expression 

𝐹_𝑙𝑖𝑠𝑡_𝑝𝑟𝑂 =  𝑃𝑟_𝑡𝑦𝑝𝑒 ×  𝑃𝑟_𝑝𝑎𝑟𝑎𝑚𝑠 ×  𝐿_ℎ𝑖𝑠𝑡𝑜𝑟𝑦 →
 𝐿_𝑙𝑖𝑠𝑡. 

Based on the proposed design operations model, a 
description of the construction history of the design decision is 
generated in the form of an XML file, which displays the DSE 
structure as an interconnected sequence of design modeling 
solid-state modeling operations in CAD, as well as parameter 
values, attributes and characteristics of the design decisions. In 
the future, according to the XML file, the ontological model of 
the design decision is formed in the description of the concept 
of “DSE”. 

The model of initial data for the classification of design 
solutions in CAD is as follows: 

𝐶𝑙𝑎𝑠𝑠𝑃𝑟𝑂 =  (𝑃𝑟𝑂, 𝐿_𝑙𝑖𝑠𝑡, 𝑇𝑒𝑚𝑝𝑙𝑎𝑡𝑒𝑠, 𝐹_𝑃𝑟𝑂_𝑐𝑙𝑎𝑠𝑠),(5) 

where PrO is a set of design solutions made in CAD; L_list 
is a sequence of project operations performed by the designer; 
Templates - a set of templates for constructing a design solution 
in CAD for determining the class of an engineering product; 
F_PrO_class - the function of defining and assigning to a design 
solution a class of engineering products, the description of 
which is given by the expression 

𝐹_𝑃𝑟𝑂_𝑐𝑙𝑎𝑠𝑠 =  𝑃𝑟𝑂 ×  𝐿_𝑙𝑖𝑠𝑡 ×  𝑇𝑒𝑚𝑝𝑙𝑎𝑡𝑒𝑠 →
 𝑃𝑟𝑜_𝑐𝑙𝑎𝑠𝑠. 

The proposed model allows to classify the design solution 
made in CAD, based on the set of templates for constructing the 
DSE and the sequence of design CAD operations. 

The model of parameters and characteristics of DSE is as 
follows: 

𝑃𝑎𝑟𝑎𝑚𝑠 =
 (𝑆𝑦𝑚𝑏𝑜𝑙, 𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛, 𝑉𝑎𝑙𝑢𝑒, 𝑀𝑒𝑠, 𝐹_𝑝𝐿𝑖𝑠𝑡), (6) 

where Symbol is the set of designations of characteristics of 
DSE; Description - many descriptions of the characteristics of 
the DSE; Value - the set of values of parameters and 
characteristics of the DSE; Mes is the set of units of 
measurement for the numerical characteristics of DSE; F_pList 
- the function of forming the list of characteristics of the DSE 
performed in CAD, the description of which is given by the 
expression 

𝐹_𝑝𝐿𝑖𝑠𝑡 =  𝑃𝑟𝑂 ×  𝑆𝑦𝑚𝑏𝑜𝑙 ×  𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛 ×
 𝑉𝑎𝑙𝑢𝑒 →  𝐿_𝑝𝑎𝑟𝑎𝑚𝑠. 

Based on the proposed model, a list of characteristics of the 
design solution of the CAD system is generated [26, 27]. The 
formed list of parameters and characteristics of DSE is used 
when implementing a search system for similar design solutions 
made in engineering CAD. 

We have developed an algorithm for constructing a 
semantic model of a CAD design solution, which consists of the 
following steps. 

1. Start of work of the designer with the system of data 
extraction from the design solution, made by means of CAD. 

2. Discovery in CAD of a three-dimensional model of an 
engineering product. 

3. Beginning of the formation of an XML description of the 
design operations of a three-dimensional model of an 
engineering product. 

4. The type of the three-dimensional model of the CAD 
design solution is extracted. 

5. Formation of a list of active DSEs included in the 
assembly of the final product. 

6. For DSE, we obtain a set of structures (elements of the 
model tree) and parameters of a given type. 

7. Based on the three-dimensional model of the design 
decision, the history of the design decision is formed. 

8. An array of active elements in the design solution is 
formed. 

9. Retrieve the parameters of the object design decision 
CAD. 

10. A connection is established between the elements of the 
model tree. 

11. Determine the type of the element of the history of 
building a design solution for CAD. 

12. The parameters and characteristics of design operations 
for each element of the construction history are extracted. 

13. If in the design decision there are no more active DSEs, 
then the generated sequence of project operations is written 
into an XML file. Otherwise, go to step 6. 

14. Entry of the project solution to the PDM-system file 
storage. 

15. Filling in the parameters and characteristics of the DSE 
in the PDM system. 

16. Closing a design solution in CAD. 
17. Shutting down the designer with the system. 
We have proposed a theoretical assessment of the 

effectiveness of the designer’s activities when using a system 
for extracting design characteristics from PLM. On average, 
reducing the time of a designer’s design activity in a CAD 



system using the proposed system, which is based on a new data 
extraction method, is 11% and depends on the search accuracy 
in the system and the coverage level of the enterprise’s 
electronic catalog of engineering products [3]. Reducing the 
time of the design activity of the designer is calculated 
according to the following formula: 

∆𝑇 = 1 − ( 
𝐴∗ 𝑇𝑠𝑐+𝐷∗ 𝑇𝑑𝑏+ ∑ (𝑇𝑝𝑠𝑡,𝑖∗𝑆𝑖,𝑛

′ )𝑛
𝑖=0

[∑ (𝑝𝑖∗𝑇𝐾𝑖 
𝑁
𝑖=1 )+(1− 𝑝𝑖)∗𝑇𝑖]+ 𝑇𝑙𝑖𝑛𝑘

+ 𝑅𝑖,𝑁). (7) 

A more detailed derivation of the formula and calculation of 
the experimental results are given in [28]. 

By “Accuracy search” (A) we mean the probability of 
finding the necessary three-dimensional model of a machine-
building object, made in CAD, in the product classification 
system. “Degree of coverage” (D) means the degree of 
coverage of the catalog of electronic products of the enterprise 
with the classification system of engineering products. We 
introduce the probability p - the probability of the designer 
finding the necessary three-dimensional part in the catalog. 
Suppose that if a part is not found, the designer spends time both 
manually searching the catalog and designing a three-
dimensional model from scratch, then (1 - p) is the probability 
of a designer creating a three-dimensional part manually from 
scratch. The results of the calculation are shown in Table I.  

TABLE I. REDUCING THE TIME OF THE DESIGN ACTIVITIES OF THE DESIGNER 

USING THE DATA EXTRACTION SYSTEM AND THE DESIGN CHARACTERISTICS OF 

THE PRODUCT 

N 
Accuracy 

search 

Degree of 

coverage 

The probability 

of finding a 3D-

model 

The probability 

of manual 

construction of 

a 3D model 

Reduce 

design time 

1 0.5 0.7 0.35 0.65 -39.1% 

2 0.5 0.8 0.4 0.6 -30.4% 

3 0.5 0.9 0.45 0.55 -21.6% 

4 0.5 1 0.5 0.5 -12.9% 

5 0.6 0.7 0.42 0.58 -26.9% 

6 0.6 0.8 0,48 0.52 -16.4% 

7 0.6 0.9 0.54 0.46 -6.0% 

… … … … … … 

19 0.9 0.9 0.81 0.19 41.0% 

20 0.9 1 0.9 0.1 56.7% 

21 1 0.7 0.7 0.3 21.9% 

22 1 0.8 0.8 0.2 39.3% 

23 1 0.9 0.9 0.1 56.7% 

24 1 1 1 0 74.1% 

CONCLUSION  

We researched and developed the software for an automated 
data extraction system and design characteristics of PLM-
systems using CAD. The new method allows you to create a 
history of building a three-dimensional product, get a list of 
assembly units of the product, extract the parameters of design 
operations and three-dimensional objects, enter the analyzed 
design solution into the PDM / PLM file storage system, form 
technical requirements as a result of analysis. The technical 
requirements in the PLM-system are presented as a 
requirements tree, which contains the main characteristics, 
parameters and description of the product. Based on the 
requirements, a project is being worked out and a product 
division scheme is being formed, according to which design 
schedules and technical tasks are already being developed. 

The use of the developed system for extracting design 
characteristics from PLM systems, which is based on the 
models and algorithms proposed given in section III. 
DEVELOPMENT OF A METHOD FOR EXTRACTING 
PROJECT CHARACTERISTICS, allows us to reduce the 
design time of a designer by an average of 11%. 

Future research is focused on the development of an 
ontological model of a design solution and an ontological 
database of design decisions made by CAD tools. The database 
will contain concepts of design decisions, taxonomy and 
personal experience of the designer. The method of extracting 
design characteristics proposed in this work will be used to 
accumulate this database. 

REFERENCES 

[1] A. Afanasyev, N. Voit, I. Ionova, M. Ukhanova, and V. Yepifanov, 
“Development of the Intelligent System of Engineering Education for 
Corporate Use in the University and Enterprises,” Teaching and Learning 
in a Digital World, pp. 716–727, Dec. 2017. doi:10.1007/978-3-319-
73210-7_84. 

[2] A. N. Afanasyev, N. N. Voit, M. E. Ukhanova, and I. S. Ionova, 
“Development and analysis of design-engineering workflows (mentioned 
as an instance a radio engineering enterprise),” 2017 IEEE 11th 
International Conference on Application of Information and 
Communication Technologies (AICT), Sep. 2017. 
doi:10.1109/icaict.2017.8687262. 

[3] A. N. Afanasyev, S. I. Brigadnov, N. N. Voit, and T. V. Afanasyeva, 
“Development of the automated system for design solutions’ analysis at 
CAD KOMPAS-3D,” Data Science and Knowledge Engineering for 
Sensing Decision Support, Jul. 2018. doi:10.1142/9789813273238_0015. 

[4] S. Terzi, A. Bouras, D. Dutta, M. Garetti, and D. Kiritsis, “Product 
lifecycle management &ndash; from its history to its new role,” 
International Journal of Product Lifecycle Management, vol. 4, no. 4, p. 
360, 2010. doi:10.1504/ijplm.2010.036489. 

[5] LOODSMAN. http://ascon.net/main/ 

[6] G. Friedl and B. Pedell, “Grundlagen von SAP ERP,” Controlling mit 
SAP®, pp. 1–36, 2017. doi:10.1007/978-3-658-17407-1_1. 

[7] J. van Gurp, S. Brinkkemper, and J. Bosch, “Design preservation over 
subsequent releases of a software product: a case study of Baan ERP,” 
Journal of Software Maintenance and Evolution: Research and Practice, 
vol. 17, no. 4, pp. 277–306, 2005. doi:10.1002/smr.313. 

[8] Z. Xianghui and L. Xiaoda, “Methods of Mapping Model Data to 
Teamcenter,” 2013 Fourth International Conference on Digital 
Manufacturing & Automation, Jun. 2013. doi:10.1109/icdma.2013.186. 

[9] H. Youquan, Z. Wei, X. Jianfang, W. Jian, and Q. Hanxing, “Integrated 
Application of PLM Based ENOVIA Platform in Domestic 
Manufacturing Industry,” 2011 International Conference on Information 
Management, Innovation Management and Industrial Engineering, Nov. 
2011. doi:10.1109/iciii.2011.202. 

[10] Y. Ding and B. Sheng, “ERP and PDM integration technology to support 
collaborative product development,” International Journal of Business 
Information Systems, vol. 5, no. 4, p. 440, 2010. 
doi:10.1504/ijbis.2010.032941. 

[11] ADEM. https://adem.ru/ 

[12] PTC Creo Flexible Modeling Extension. 
https://support.ptc.com/products/creofmx/ 

[13] Geomagic Design X. https://www.3dsystems.com/software/geomagic-
design-x 

[14] V. V. Bogdanov, “Formation of knowledge base for computer-aided 
design system on the basis of data bases of technological purpose,” J. of 
Instrument Engineering, no. 6, pp. 47–50 (in Russ.), 2010. 

[15] Work with imported data as a way to reduce the cost of designing 
https://sapr.ru/article/23081 



[16] I. Kumari and AM. Magaret, “DXF file extraction and Feature 
recognition,” International Journal of Engineering and Technology 
(IJET), no. 4(2), pp. 93, 2012 

[17] C. Pan, S. S. Smith, and G. C. Smith, “Automatic assembly sequence 
planning from STEP CAD files,” International Journal of Computer 
Integrated Manufacturing, vol. 19, no. 8, pp. 775–783, Dec. 2006. 
doi:10.1080/09511920500399425. 

[18] O. M. Koura, “Focusing on the Extracted Data from STEP CAD Files for 
Prismatic Surfaces,” International Journal of Engineering Research in 
Africa, vol. 31, pp. 14–19, Jul. 2017.  

doi:10.4028/www.scientific.net/jera.31.14. 

[19] B. Venu and V. R. Komma, “Some heuristics of helical sweep surfaces in 
ISO 10303 STEP AP203 file to identify threaded features,” 2017 
International Conference on Advances in Mechanical, Industrial, 
Automation and Management Systems (AMIAMS), Feb. 2017. 
doi:10.1109/amiams.2017.8069227. 

[20] N. V. Bermeo, M. G. Mendoza, and A. G. Castro, “Semantic 
Representation of CAD Models Based on the IGES Standard,” Lecture 
Notes in Computer Science, pp. 157–168, 2013. doi:10.1007/978-3-642-
45114-0_13. 

[21] R. Kirkwood and J. A. Sherwood, “Sustained CAD/CAE integration: 
integrating with successive versions of step or IGES files,” Engineering 
with Computers, vol. 34, no. 1, pp. 1–13, Mar. 2017. doi:10.1007/s00366-
017-0516-z. 

[22] A. N. Afanasyev and N. N. Voit, “Development and research of extraction 
tools from CAD KOMPAS-3D and representation in web systems of the 
design description, 3D-models of industrial parts and ssemblies,” Design 
systems, technological preparation of production and management of life 
cycle stages industrial product (CAD / CAM / PDM 2015): Proceedings 
of the International Conference (ed. A.V. Toloka), pp. 208-212 (in Russ.), 
2015. 

[23] S. I. Brigadnov, “Development of associative-oriented models of 
competencies and trainees in automated training systems,” Interactive 
Systems: Problems of Human - Computer Interaction Collection of 
scientific papers, pp. 185-189 (in Russ.), 2017. 

[24] S. I. Brigadnov and A. N. Afanasyev, “Recommender system for CAD 
KOMPAS,” Systems of design, technological preparation of production 
and management of the stages of the life cycle of an industrial product 
(СAD / CAM / PDM 2016) works of the XVIth international youth 
conference, pp. 33-36 (in Russ.), 2016. 

[25] S. I. Brigadnov, M. E. Ukhanova, I. S. Ionova, A. G. Igonin, 
“Development of a database of design solutions for machine-building 
objects,” Information-measuring and control systems, no. 12, pp. 79-85, 
2017. 

[26] A. Afanasyev, N. Voit, I. Ionova, M. Ukhanova, V. Yepifanov, 
"Development of the Intelligent System of Engineering Education for 
Corporate Use in the University and Enterprises," Proceedings of 
ICL2017 – 20th International Conference on Interactive Collaborative 
Learning 27-29 September 2017, Budapest, Hungary, pp. 878-889, 2017. 

[27] A. Afanasyev and N. Voit, “Intelligent Agent System to Analysis 
Manufacturing Process Models,” Advances in Intelligent Systems and 
Computing, pp. 395–403, 2016. doi:10.1007/978-3-319-33816-3_39.  

[28] S. I. Brigadnov Automation of structural and parametric analysis of 
design decisions and training of a designer of mechanical engineering 
products by means of CAD KOMPASS. PhD dissertation. Ulyanovsk 
State Technical University, Ulyanovsk, 2018 (in Russian). 

 

 

 

 

 

 

 

 

 

 

 


