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Andriy BERKO", Victoria VYSOTSKA™", Lyubomyr CHYRUN "~

FEATURES OF INFORMATION RESOURCES
PROCESSING IN ELECTRONIC CONTENT
COMMERCE

Abstract
Some solutions of main problems of content e-commerce and content
management services are described in the paper. Content lifecycle model
in electronic commerce systems is considered. The model gives
an opportunity to create effective tolls of information resources processing
in electronic commerce systems and to implement the subsystem
of commercial content formation, management and support.

1. INFORMATION

The electronic content commerce systems (ECCS) creation and implemen-
tation is one of the important areas of e-business development. A characteristic
of such systems is the automatic processing of information resources. This helps
to increase content sales volumes for a regular user, the active involvement
of potential users and the boundaries expansion of the target audience [1-2].
In particular, the principles and technologies of electronic content commerce are
used actively in the systems creation for on-line/off-line sales and content
analysis/exchange/saving, cloud storage/computing, online shop [2]. The pro-
blems of electronic content commerce systems design, development, implemen-
tation and maintenance are topical. This is in view to such factors as the active
development of research in the e-business area, the theoretical justification lack
of standardized methods and need for the software unification of information
resources processing in such systems [1-2,9-19].
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Regularly appear the new approaches and solutions to this problem, but
the important issue is the discrepancy between the known methods and means
of information resources processing and principles of electronic content commerce
systems building. There are lack of general approaches of ECCS creation and
standardized methods of information resources processing in these systems [2].
Specialists in ECCS designing, implementation and deployment have to deal with
different processes of information resources processing. They contribute
an increase of content sales volumes for a regular user, the active involvement
of potential users and the boundaries expansion of the target audience [1-2,4].

2. THE ANALYTICAL PROCESSES OF COMMERCIAL CONTENT
PROCESSING

2.1. Set-theoretic model of electronic content commerce systems

The main processes of information resources processing in electronic content
commerce systems are the content formation, management and support (Fig. 1).
Their scheme of connections is the following: content formation — content
management — content Support.

| Information Resources Processing |

— v —

—  Content formation | — Content management | | Content support  |—
- ™ age generation upon request
3| — content formation | page g pon red [ contentsupport |
'8 ™ pages generation when editing
= > mixed type
> selection and filtering - working with databases dialogue support —|
@ - Ta oadi - King ndividualizat topics determining l—|
¥ conversion and downloading » user working individualization content ranking
,E verification and qualification » content and resource analysis content dynamics analysis [«—
digests formation initial forms generation resource statistics analysis [
o Iy —ﬁ content analysis of information resource | l content analysis
from the perspective of visitor ]
workforce l requests analysis <
— own manually number of needed content ]
73 personally i -
° informative and linguistic l comments analysis
2 extraction of workforce = l i L
@ »| other resources agens graphical rating assessmen }4—
= with reference content analysis of text l statistic/history analysis }4—
. another site . information resources analysis ]
L working with offline resources
content provider resources functioning based on user
natural person
P analysis of resources availability
organization

information resource formation

manually moderator

|
]
| ways of content management
]
]

pages caching

- information blocks formation

Fig. 1. Features of the information resources processing in electronic
content commerce systems [source: own study]



Functioning of electronic content commerce systems is described by

the following scheme of the main components links in this system:

1) for the process of an information resource formation: content —
commercial content formation — commercial content database —
commercial content management — information resource of system,

2) for the formation process of answers to a user's query: user's query —
commercial content management — information resource of system —
commercial content support — system user database,

3) for the formation process of the system working report to moderator:
a moderator request — commercial content support — users system
database — commercial content management — report to moderator,

4) for the moderation process of internal system parameters: a moderator
request — commercial content formation — commercial content support
— rules database — commercial content management — results.

Set-theoretic model of electronic content commerce systems is described as:
S= <X,Q, FormationH,C,V,ManagementSuppor::Z,T,Y> , (D)

where: X ={xl,x2...,xnx} — set of input data x,e X from different sources

ati=Lny ,
Q={ql,q2...,qng} —set by user requests g, € Q at d =Ln,,

Formation — the operator of a commercial content formation,
H={h.h,....h, } —setof h e H internal parameters in the S system

at k=1,n,,

C={c¢,¢,....c, } —commercial content set ¢, € C at r=1nc,

V={v,v,...,v, } — the influence parameters set v,eV of the external

environment on the S systemat [ =1,n,, ,
Management — the operator of commercial content management,
Support — operator of commercial content suport,

Z= {zl,zz...,znz} — pages set z, € Z of information resource in the §

systemat w=1,n,,

T={1.t,....t, } — transaction time f,e7T of information resource

processing in the S systemat p=1,n; ,



Y={y, y2...yny} — statistical data set y,€Y in the § system

at j=Ln, .

The value y;={a,,a,,....a,} is determined by using Google Analytics,
where g, — visits number over a time period Af, a, — the average time spent on
an information resource (min:c) for a time period Af, a, — an failures indicator
(%) for a time period Af, a, — achieved purpose of commercial content finding,
as — the dynamics of the content lifecycle (%), a, — the total number of page
views for a time period Az, a, — the number of page views per visit, a; — new
visits (%), a, — absolute unique visitors, a,, — traffic sources (direct referrals,
referrals from search engines, referrals from other sites, etc.) in %, etc. [5].

2.2. Content flows in electronic commerce systems

The growth of the content volume and its spread rate contributed to define
the concept of content streams. Analysis of these flows requires the new tools
using of information resources processing in ECCS for commercial content
formation, management and support of (Fig. 2).

Content Administator Content
formation i support
Thema’iic Operation 4_4 A
Rules requests — Content statistics v
database + ¥ | management A Interface |

Filters

Content routing :'

Database
download

Search ? A
engine

Text Mining
A
-
Classifiers/
descriptors

Fig. 2. Functional diagram of the information
resources processing [source: own study]

Thematic
database

Complete
database

ECCS includes administration core, authorization/authentication subsystem,
templates manager and content manager for problems solving from the user
standpoint (Fig. 3).
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Fig. 3. The structure of electronic content commerce systems [source: own study]

Classical mathematical apparatus and distribution tools are not able
to adequately reflect the content array analysis of fixed size and navigation to it
[3-4, 6-8]. ECCS architecture has the hierarchy levels. They provide an
independence of stored data on the programs that use them. Also they provide
an opportunity of the system development without the existing applications
destruction. In Fig. 4 is presented scheme of information resources processing
in ECCS, and in Fig. 5 — stages of the commercial content formation in these
systems. ECCS work based on the following scheme: Content Manager —
Editing Subsystem — Database — Core — User.

C begin >

T
source address input

content formation |

successful formation

yes
| content management |

:

no

0

formed resource
yes
content support |

formed reports

Q

yes

statistics output

W >

Fig. 4. Process of information resources — processing [source: own study]
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Fig. 5. Process of information resources — formation [source: own study]

When ECSS core creating are used an object-oriented models and abstract
objects with properties/methods (Fig. 6). The interaction with the main objects
of the system core implements through encapsulation. For this purpose in class
implements the interface methods designed for manipulating within the object
of the data/properties.

[
| Downloads ” Parameters | ,Content | Showing | Conditions Content | Facts | Filters | Events | Controller for
template presentation presentation
. - Page template for
Setting up and download Context formation information resource
---------- — .4
Queries Connection User The dialogue Content Content Advanced
configuring settings authorization with the user getting editing settings i
4 v W v
Core startu, Working with Forms I:;iz:e:gu Settings Settings savin Content
P databases Configuring " change 9 9 caching
——— . The structure of the administration core
Content verification Widget in electronic content commerce system
and validation formation

Fig. 6. The structure diagram of electronic content commerce systems [source: own study]
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The process of information resources processing in ECCS is the content
formation, management and support (Fig. 7).

1. Content formation: | Business goals definition |
online user capabilities #
definition.
performance Set of Internet Internet market
evaluation of Internet f«— . } < )
. marketing aims evaluating
marketing

A

A4
2. Content
management: Proposals definition | | Strategies definition | . Relations set
strategic approach of customervalue [ ' |of Internet Marketing [ definition

select.

Y
The plan exercise of
Internet <>
marketing

$

Profile formation, constraints
and improvement

3. Content suppor|
online delivery of | Customer service |
the results. implementation

Relations set
implementation

Y

Fig. 7. Basic processes of information resources processing [source: own study]

The obtained data taken into account when an information resource creating
or updating and the ECCS architecture improvement. Earlier moderator
is independently searched and worked out needed content: content collection
from different sources of data, content analysis and filtering, commercial content
formation as the final product according to individualized data from system user.
The process implementation of information resources processing in ECCS
allows facilitating of moderator work by automating the content gathering from
sources, content analysis and filtering.

2.3. Commercial content formation

The content formation consists of several stages: moderator — content
creating — database — content systematization — database — content
distributing — editor or information resource (source) — content gathering —
database — content systematization — database — content distribution —
moderator. This is realized in the form of content monitoring and database
creation according to the information needs of consumers (Fig. 8).

Content leads to a common format after its gathering and primary processing.
This is classified according to the specified classifier, including categories.
And Content is attributed descriptors, including keywords.
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When using online marketing for content systematization stages are provided
constant updating of available data in databases, effective concurrent access
of many users to the database, convenient means of the desired content finding.

Research Public Social Media Email- Directories and Lists
situation %}:"Ons) Marketing MQ_ Free lists
ite Paper) evel P——
competition i blogs - Paid listings
Press Rel design / Portals
auditorium Al social network development
icles - -
general content deployment Ratings/Reviews
Performance and success lists Sample generating
monitoring
Personnel Analysis task Groups Search Engine Marketing | | Internet advertisi
interview focusing - Bl
pay per click, PPC 0gs
‘ % Search Engine Optimization Ad networks
patterns D —
Develope rules for Affiliates
Testing authorizaton | _ _ _ _ _ _ _ e
usability . —
* Information| Designing || Development
Training needs — A
Content authors and resource reliability ratification
Small groups moderators coaching using multimedia
teaching flexibility scale
Advanceme_nr ) Web-standards
roae e o pro'nonon
contentfromdata |[——————————————————=——
Accessibility s.xi_ce_sr Strategy Branding Content
testing
9 involvement focusing organization
Move existing content coordination brand messages relevance
Plan design and into the_ database conversion cleaning profits
" * propagation compiling findability

Fig. 8. Methods of content gathering/creation and marketing [source: own study]

The division into stages of the commercial content formation in the ECCS
increases efficiency in the system administration, is provides economy
of resources, Internet traffic and users anonymous, auto scanning of data sources.

2.4. Commercial content management
Content management of information resource and visitors (Fig. 9), their

modelling is a quantitative research process of the individual thematic areas
dynamics and technical analysis of information resource.

Web-Analytics

Anonymous | 11 ppc | —»{Landing Page [ E-mail fixing [—»| _orsonaiized
visitor email-marketing

Orders SEM, SEO, Social Personalized
registration affiliates marketing Landing Page

Fig. 9. Scheme of visiting analysis process of information resource [source: own study]
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Content management process consists of several stages (Fig. 10): the user —
content processing — database — content analysis — database — content
presentation — user.

a) b)
<Web-Analytics> A<Personallzed email-marketing>
(=
4 S o
3 .
A N
€s E
< '5; £ Requests
2s 2 processing
g v

- yes

no

‘ ‘ Porrfolioanalysis‘ ‘

T Semen ||
Tovesn seves ||
:

[

Service of support
Order
Management
l Page presentation l

yes

Data lack
no

<Management>

Orders
registration

<Experienced
management>

Personalized
email-marketing
Personalized
landing Page

<t

Orders
registration

<User>
<Landing page
formation>

Fig. 10. Content analysis scheme of a) visitors
and b) an information resource [source: own study]

Results analysis of the content management affects the speed thematic areas
and content space development. Stable static relationships between content
indicate a correlation between themes, the effectiveness of links to sources
publishing, earlier citation, and republications others. Mechanisms, based on
the generalized method of cluster analysis, identify content in the flow that
forms the around a new thematic areas. Cluster analysis, fractals and self-similar
processes theory in their correct application assess quantitatively the commu-
nication degree in thematic content streams. Operational analysis of visitor’s
content contributes to the implementation the content management process using
pages generation through information blocks. It is divided into types: content,
on last accessed, and combined.

2.5. Commercial content support

The content support process is operational stages of commercial content
generalization, moderation and structuring (Fig. 11), i.e. user — content
structuring — database — content moderation — database — content
generalization — moderator. With the content support subsystem ECCS has

13



the following features: commercial content rankings formation; information
portraits formation of permanent user in ECCS; characteristics analysis
(comments, reviews, suggestions, etc.) on the commercial content of by the user
in ECCS; information collection, storage and processing about the needs of the
end/ potential user in ECCS and content consumer; a information portrait
formation of content flows.

Content formation I Content management I Content support
Context ; ‘ ‘ User
Creating and | Databases and | —
e - editing ‘ data storage | Publications
'r7 OC] r;’za Z)’;’ N Authoriz_ation Content database Cha’?nels
organizatio g Captu_rlng/ | File system | Presentation
Business Strategy Z colle_cnbles ‘ Native XML | & Static / dynamic
Content Model g TAch;lremetht | Documents | g Multichannel
Infor_matlon ] rans ormg ion Recordings 8 delivery
architecture 3 Aggregation \ 2 Pictures / \ ® Print
Dg:atit(;nz? (a:tqgr:r;nl .E Using / DRM \ § multimedia \ § Web
clasgsiﬂlzatilon ) Editing tools | & Data storages | PDA/Cell
—— ] @ > - PDF
Interface/ interaction || S|[_Metadata Tags ||| W || Inherited systems \ Email
i w
design S| service Library ||| § | Personalization
- Localization
Cooperation | |
- - - Legal management
Web b:/fi/?:i \ Versions mounting % 9e manag
Workflow Rules / Forums | Version Amasd:t);ilcation
Tists distributi Management ‘ y "
Business Rules SR ISts distribution g Version Control Web-services
Policies/procedures _ |l Content Types ‘ Search Engine
Roles/ Contact information | Templates E-commerce
responsibilities Access Control | Navigation | -
Content owners VIV - History and
- - LDAP ultilingualism )
Editors / Publishers User database | Conformity | destruction
‘ Reuse using ‘ Storage Politics
content | Rollback ‘ Knowledge Base
I I

Fig. 11. Subsystems of content formation, management and support [source: own study]

The electronic content commerce systems greatly facilitate the work
of moderator in the commercial content formation, management and support
(Fig. 12). It has the following main stages of content processing of information
resources.

1. Content gathering from different data sources.

2. Created and/or collected content filtration.

3. Content analysis (keywords identification, classification, digests formation).

4. Obtained data analysis for the moderator attention concentration on
necessary issues. Data preparation for operational work with them.

5. Needs analysis of permanent and potential users of system.

6. End product formation according to the analyzed data and the needs
of potential/regular users.

7. The list updating of data sources by users' queries analyzing.

8. Filter rules and dictionaries updating by content analysis.

9. New thematic categories identification for content flow.

14
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Fig. 12. Scheme of subsystems interaction of information
resources processing [source: own study]

In Fig. 13 provides for a developed methods classification of information
resources processing in ECCS with a detailed list of the implemented stages
of commercial content formation, management and support of in these systems.
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Fig. 13. Methods of information resources processing in electronic
content commerce systems [source: own study]
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Developed methods of information resources processing in ECCS make it
possible to generate requirements for routines of information resources processing.

2.5. Content analysis of information resources

The modernity feature is the constant growth of content production rate.
This process is objective and positive, but there was a problem: progress
in the content production leads to a decrease in the general level of the potential
user awareness. Increase in volumes content leads to the impossibility of his
immediate processing. Moreover content distribution speed arise specific
problems number (table 1).

Tab. 1. The main negative factors in the commercial content formation

Name Rationale Decision
Information noise Content array structuring. Filters, content monitoring, site analysis,
content analysis.
Parasitic content Appearances as Filters, content monitoring, content
applications. analysis.
Content irrelevance | User needs inconsistency. Creation of annotated database, search

pattern of initial content and their
clustering, content analysis.

Content duplication | Duplication in sources. Content analysis, scanners and filters
based on statistics and criteria.
Navigating through Rapid growth of the content | Site analysis, filters, content monitoring,

the content stream volume and distribution. content analysis.
Search redundancy Duplication and Annotated search, content analysis
irrelevance. and abstracting.

Negative factors in the commercial content formation make it difficult to find
the necessary data when different sources scanning. The increase in volumes and
relevance/dynamics variable of content streams (permanent regular and non
regular updates) leads to duplication, information noise and results redundancy
of content search. Large dynamic content streams coverage and generalization
that continuously generate Internet sources requires new methods/approaches
of search as a content monitoring (Fig. 14). Input information for content-
monitoring is the text in natural language as a sequence of characters, output
information — a table of partition, sentences and lexemes of analyzed text.
Content monitoring is software tool of finding automation of the most important
components in the content flow. This is an informative analysis of content flow
in order to constantly obtain of the required qualitative/quantitative cuts over
the advance not defined period of time.
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Fig. 14. Block diagram of the content monitoring process of the commercial content
formation in the electronic content commerce systems [source: own study]

As part of the content monitoring is the content search and content analysis
of the text. Content analysis is designed to search content in a data array by
semantic linguistic units (Alg. 1). The account unit is a quantitative measure
of the analysis unit. It allows symbol appearance frequency (regularity) registering
of analysis category in text (number of specific words, or its combinations, lines,
characters, pages, paragraphs, copyright pages, text area, etc.).

Algorithm 1. Commercial textual content analysis.

Stage 1. Criteria set determination for commercial textual content.

Step 1. Criteria set formation as the source type (forum, email, online
newspaper, chat, and online magazine), type content (article, email, banner,
comments), communication participants (sender, recipient, moderator).

Step 2. Content size (minimum volume or length), occurrence frequency,
and distribution method/space and appearance time determination.

Step 3. Content stream filtration by generated set of criteria and the identified
relevancy content storing.

Stage 2. Content analytic selection. The content sample formation on
the criteria’s of the limited sample from a larger array.

Stage 3. Meaningful units identification of commercial text content analysis
(word combination, phrases, sentences, theme, idea, author, character, and social
situation, the text part that is clustered content by analysis categories).
Requirements for the linguistic unit selection of the analysis: large enough for
values interpretation, small enough so as not to interpret many values, is easily
identified, the units number is large enough for the sample conducting.

Stage 4. Account units bold of textual content analysis.

Step 1. If the account units are the same as analysis units, then find
the occurrence frequency of the selected content unit, otherwise go to step 2.
Step 2. Moderator on the basis analyzed content offers account units,
for example, the text length, text area, filled with meaningful units, the lines
number (paragraph, symbols, marks, columns of text), the file size/type, the
pictures number with a particular content/storyline and more.

Stage 5. Meaningful analytic units comparison with the unit account.

Step 1. Units classification by groups with scales evaluation of meaningful
categories in total text. Classifier is a common table, which consolidated all
categories of analysis and units analysis. It is fixed categories expression units.
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Step 2. Statistical calculations are for content understandability and attracti-
veness identification.

Stage 6. The tool development of content analysis.

Step 1. Coded protocol of content creates for compact representation of data
and rapid comparison of the different content analysis results.

Step 2. Content protocol is filled properties (author, publication time, volume, etc.).
Step 3. Commercial content protocol is filled analysis its results (number
of usage for specific units of analysis and conclusions regarding the analysis
categories). Each content protocol is filled based on data collection of all his
registration cards.

Stage 7. It is content analysis table development. Table type is defined in a form
of analytic coordinated and subordinated categories system: each category (issue)
provides a features number (responses), which quantifies the textual content.

Stage 8. The coding matrix development for content analysis.

Step 1. If the sample size is > 100 units, then is analyzed a set of matrix sheets,
else perform step 2.

Step 2. If the sample size is <100 units, then is carried out a two-dimensional
analysis. In this case, for the each content is formed coding matrix.

Stage 9. The text analysis is conducted by the created coding matrix.

Stage 10. Results are interpretation. The content characteristics identify
and evaluate based on a statistical set of calculated coefficients for a certain
period of time on specified category. This includes all extracted textual
fragments; conclusions do not rely on some results and accounted for all without
exception.

The content analysis using in data Internet sources monitoring automates
the process of the most important components finding in the content flow based
on the data selection from these sources. This eliminates content duplication,
information noise, parasitic content search results redundancy and more.
This method is used in subsequent stages of the commercial content formation
for more accurate relevant results — a unique commercial content creation that is
in demand among ECCS users.

3. CONCLUSIONS

From the perspective of systemic approach, is conducted the principles
applying of information resources processing in ECCS for content lifecycle
implementation, that enabled to develop methods for the commercial content
formation, management and support. It is developed an integrated method
of commercial content formation for the time and resources reduction of content
production. This makes it possible to create a means of information resources
processing and implement subsystem of automatically generated content.
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In this paper is created operational method of commercial content
management for the time and resources reduction of content sales, which makes
it possible to implement commercial content management subsystem.

It is implemented a comprehensive method of commercial content support
for the time and resource reduction of the target audience analysis in ECCS,
which makes it possible to develop a commercial content support subsystem.
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APPLICATION OF ADDITIVE TECHNOLOGY
OF FUSED DEPOSITION MODELING
FOR MANUFACTURING SMALL SERIES
OF ELASTIC MODELS

Abstract

The paper presents an application of additive method of Fused Depo-
sition Modeling for manufacturing of small series of elastic models.
Additive FDM technology is used to produce a casting mould for multiple
use. Process of manufacturing of small series of products consists
in casting a two-component silicone rubber degassed using vacuum
chamber into a multiple use mould. The paper shows the course
of the process and related problems on the example of industrial product —
a cylindrical seal. The casting mould was produced out of ABS material
using BST 1200 machine, whereas casted elastic models were made out
of XTX 45 silicone rubber.

1. INTRODUCTION
1.1. Basic information

Additive Manufacturing Technologies (AMTs, also known as 3D printing
techniques) allow to manufacture physical, three-dimensional models, prototypes
and also some products or parts directly from their digital representation [8].
There are three main groups of applications of these technologies — Rapid Prototy-
ping, Rapid Manufacturing and Rapid Tooling [2,10].
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Rapid manufacturing of small series of finished products is often based upon
the Vacuum Casting technology — a process complementary to additive
technologies [9]. This technology allows to effectively create copies of elements
manufactured by additive technologies, using chemically hardened resins as
a build material, usually for thorough testing and evaluation of prototyped
elements [3]. Molds for this method are manufactured using two component
silicone rubbers vulcanizing in the room temperature and the casting material —
two component resin — is usually composed in a way to mimic properties
of various plastics. Both mold manufacturing and subsequent casting (the mold
can be used many times depending on the geometry and conditions, but never
more than for approx. 100 castings) requires degassing of the liquid material
using a vacuum chamber [7].

The Vacuum Casting method is efficient and popular, but it has certain
limitations — there is no possibility of manufacturing elements with elastic
properties [12]. This paper presents a new process (designed and tested
by the authors) of manufacturing short series of elastic products. The process
is based on principles of the VC method, using the silicone rubber (similar in
properties to some widely used elastomers) as a build material. A casting mold
for this process is manufactured using one of the additive technologies — namely
Fused Deposition Modeling.

1.2. Place and subject of the practical studies

Research of the process of manufacturing short series of elastic products
using FDM method was conducted in the Laboratory of Rapid Manufacturing,
localized in the Chair of Production Engineering and Management of Faculty
of Mechanical Engineering at Poznan University of Technology. As a base
model for process development and tests, a seal of cylindrical shape was selected
(Figure 1).

Process of manufacturing of short series of products out of elastic material
using the described process consists of the following stages:

- design and manufacturing of the reusable casting mold out of the ABS

material, using additive technology — Fused Deposition Modeling,

- casting in the manufactured mold using additive silicone vulcanizing

in the room temperature as a build material,

- finishing and evaluation of the obtained castings.

As the additive FDM technology is in this case used to manufacture tooling
for the casting process, this application of AMTs should be considered as
the Rapid Tooling.
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Fig. 1. Model of a seal selected for the study [source: own study]

2. PREPARATION OF THE CASTING MOLD - 3D PRINTING USING
FDM TECHNOLOGY

2.1. Characteristics of the FDM technology

Physical prototype creation using layered deposition of thermoplastic
materials is one of the most widely used AMTs in the industry. Fused Depo-
sition Modeling is the widely acknowledged name of this method (fig. 2) [1].
It consists in deposition of the plasticized material through a special,
two-nozzle head, positioned in two axes, X and Y. The support of some kind
must also be created, because there are no natural supports and the created
model is not stiff enough during manufacturing — it could deform under
the gravity force if there were no supports. Build and support materials are
supplied to the head in form of wire from the spool and they are heated inside.
During single layer creation, the head moves in XY plane and deposits
the material according to the cross-section profile. After one layer is completed,
the model table moves down in the Z axis, value of the coordinate being equal to
single layer thickness. After the thermoplastic material from the head is placed
on the table, it momentarily solidifies, joining with the previous layer [8].

As in almost every other additive manufacturing technology, models are
created on the basis of the CAD geometry in form of the triangle mesh (STL file
format), imported to the software which controls the machine realizing the FDM
process [11].
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Fig. 2. Scheme of the FDM method [source: own study]

As a build material, usually the ABS material is used (ABS stands
for acrylonitrile butadiene styrene), other thermoplastics can be used too.
Support material type depends on method of the support removal (mechanically —
by force or chemically — by dissolving the support in the liquid solution).

The Laboratory of the Rapid Manufacturing is equipped with the Dimension
BST 1200 machine, manufactured by the company Stratasys. ABS material is
used for both model and support, the support is removed mechanically.
The machine allows to build models with maximum base size of 254 mm x
254 mm and maximum height of 305 mm. Models of larger size can be built
by joining the smaller models, e.g. by gluing them together.

Models manufactured using the FDM method are ready for use immediately
after the support is removed. They have good mechanical properties, but their
visual quality is mostly poor due to so-called staircase effect (which occurs in each
layered manufacturing technology) [4]. To obtain models with high visual quality,
post-processing is required — processes like sanding, grinding, drilling or painting
can be applied to the FDM model to improve its quality and functionality.
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Prototypes manufactured using FDM technology are used mostly as visual
and functional prototypes. Apart from the prototyping, the ABS models
manufactured additively can be also used as patterns for the Vacuum Casting
process [6]. The process of elastic model manufacturing presented in the next part
of this paper can be treated as an inversion of the classic Vacuum Casting method
— ABS model is used as a mold, while the silicone is used as a build material.

2.2. Manufacturing of the casting mold using the FDM process

Casting mold for manufacturing of the seal models was created directly from
the CAD model. The first stage of preparation of the mold was therefore
a creation of such model. It was made in the CATIA v5 CAD system, basing on
the CAD model of the manufactured element — the seal. Shape of the mold cavity
was created using Boolean operations (subtraction of solids representing the outer
frame of the mold and shape of the model — fig. 3). Additionally, holes were
added for fixing elements and a simple gating system was designed (consisting
of pouring cup and gas vents). The whole mold was divided into two halves.

Fig. 3. CAD model of one half of the casting mould [source: own study]

On the basis of the solid model of two halves of the mold, triangle meshes
were created and saved to STL files. These files were then imported to
the control software of the BST 1200 machine. Then, NC programs containing
information about paths of the head in subsequent layers were automatically
generated and sent to the machine. After manufacturing of both mold halves,
the post processing was performed. It consisted in removal of the support
material, insertion of some fixing elements (namely, steel pins) and drilling
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of small gas vents (it is not possible to plan these holes in the CAD model,
as their diameter is very small — the same as the width of the single thread
of material, so they would not be manufactured during the additive process).
Finished mold parts are shown in the fig. 4.

Fig. 4. Halves of the casting mold produced using
FDM technology [source: own study]

3. CASTING OF THE ELASTIC MODELS
3.1. Material characterization of the XTX 45 silicone

XTX 45 silicone belongs to a group of silicone rubbers vulcanizing
in the room temperature (no necessity of heating). It is a two component material
— the basis is a liquid material of very high viscosity. To obtain a solid
elastomer, the base needs to be mixed with the catalyst in 10:1 proportion.
Working time of the mixture in room temperature is 90 minutes since the mixing
is complete (in higher ambient temperatures this time is shortened and in lower —
lengthened) and hardening time is about 15 hours (it is also dependent on
the ambient temperature). Properties of the silicone are presented in the table 1.

After hardening, a material from the elastomer group is obtained. Mechanical
properties of the XTX 45 silicone in the solid form (after hardening) are good
enough to use it for the planned task.
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Tab. 1. Properties of XTX 45 silicone used during the study

Property name Value
Mixture proportion 10:1
Part A color (base) Translucent
Part B color (catalyst) Translucent
Part A viscosity 70000 cPs
Part B viscosity 90 cPs
Mixture viscosity 35000 cPs
Density 1,12 kg / dm3
Working time at 23°C 90 min.
Hardening time at 23°C I5h
Shore A hardness after 24 h 43 + 2 Shore A
Tensile strength 6,5 + 0,5 N/mm?2
Elongation at break 400 £ 20%
Shear resistance > 20 N/mm

3.2. Course of the casting process

The actual process of casting of elastic models using XTX 45 silicone
consists of several basic stages.

The first stage is preparation of the mold for casting (fig. 5). The following
actions need to be performed:

cleaning of the mold cavity,

insertion of the fixing elements (pins),

tight connection of two mold halves in a temporary way (to ensure
the possibility of getting the model out of the mold without damaging it),
insertion of the external gating system elements,

placement of the mold in a way to ensure difference of height levels
of gating system entry point and exit (entry point should be placed on
a lower level than the exit point).

The second stage of the process is material preparation. Applied silicone
consists of two components — the base and the catalyst. Preparation of the mate-
rial requires performing of the following actions:
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calculation of material quantity necessary for the task,

weighing the proper amounts of the base and the catalyst,

mixing the base with the catalyst and optionally with some dyes,
if a certain color of the finished element is required,

degassing of the silicone by placing it in the vacuum for about one minute.



Fig. 5. ABS casting mould ready for casting [source: own study]

The last stage was performed using the MCP 4/01 HEK vacuum chamber
(fig. 6). It is noteworthy that it is not entirely necessary to degas the silicone
(especially when manufacturing very small elements), but models manufactured
without degassing are characterized with presence of the air bubbles in large
portion of the casting volume, which decreases the level of product mechanical
properties in a significant way. During degassing the silicone should be placed in
a vessel of volume at least twice as large as the base volume of the raw, liquid
material — air bubbles running out of the material cause a significant, yet
temporary increase in volume of the material.

Fig. 6. Vacuum chamber MCP 4/01 used for silicone degassing [source: own study]
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The next stage is pouring the material into the mold. Filling the previously
prepared casting mold with degassed silicone can be carried out gravitationally
(in case of larger molds), but for more rapid and accurate filling of the mold
cavity, pressure casting was used. The pressure was exerted by manual pressing
of the material feeder (fig. 7). Value of the pressure and character of its
variations during the mold cavity filling have no observable effects on quality
and properties of obtained models.

The mold is entirely filled when the liquid material appears in the exit point
of the gating system, assuming that there is a visible height difference between
the pouring cup and the exit point.

Fig. 7. Pouring the silicone into the mould [source: own study]

After the silicone is hardened (solidification is usually complete after 12-15
hours), the mold can be opened and the model can be taken out (fig. 8).
During mold disassembly it is important to remember that the silicone precisely
fills the mold cavity, including all sub-cavities, even of a very small size. In case
of the mold created using FDM technology, where the staircase effect is very
distinct and mold surface is not smooth, the silicone model will require
considerably high strength to divide it from the mold surface. It is therefore
important to perform this process carefully, especially when using metal tools,
to leave both the model and the mold intact (with no damage).
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Fig. 8. Hardened model ready to be taken out of the mould [source: own study]

Directly after removal of the elastic model from the mold, it should be evaluated,
especially concerning occurrence of the casting defects. The most frequently
occurring defect in this type of models is presence of air bubbles and pockets
(similar as shrink cavities in metal castings), appearing as a result of insufficient
degassing of the raw material (fig. 9). Air pockets — if they are present — are usually
located deep inside the model volume (as opposed to these appearing in resin
models manufactured using classic approach to Vacuum Casting technology) and
they have no impact on its shape and dimensional accuracy. Still, these flaws usually
disqualify the product, especially when they have considerably large volume, as they
impair the mechanical properties of the product.

Applied additive silicone does not present any visible shrinkage, which
means that there are no possibilities of its compensation, neither on the design
stage, nor during the manufacturing process.

Fig. 9. Flaws occurring in silicone models — air pockets [source: own study]

The model removed from the mold is not a finished product yet — all
the casting technologies make use of some type of post processing (the fini-
shing). In this case it consists mostly in cleaning the model and removing the
rest of the gating system and traces of mold division line. It is usually done using
cutting tools or machining (fig. 10).
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Fig. 10. Model taken out of the mould (on the left) and after post processing
(on the right) [source: own study]

4. CONCLUSIONS, SUMMARY
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Basing on the course and results of the casting of short series of elastic
products in ABS molds, the following conclusions can be drawn:

Applied silicone precisely fills the mold cavity, accurately representing all
the surfaces (despite low castability in liquid form), so in case of surfaces
that are irregular, uneven or with pockets, holes etc., there are problems
with disassembling two mold halves and removing the product.
These problems can be avoided by applying appropriate finishing
treatment of the mold cavity (e.g. grinding).

Silicone adheres to the mold surface strongly, so apart from appro-
priate surface finishing, the mold cavity should also be covered with
a dedicated separator. It is well advised especially for models with more
complex shapes.

During the casting process, the ABS mold is subjected to mechanical wear
(especially as a result of applying certain forces during model removal),
so number of models obtained from one mold is limited — it would be
advisable to further study the influence of the model geometry complexity
and casting process course on the level of the mechanical wear
of the mold, to be able to estimate the maximum number of pieces
obtained from the given mold.

Unlike during the regular Vacuum Casting process, the mold is not
translucent, so it is not possible to determine the locations of air pockets
before the model is removed from the mold — this is a clear disadvantage
of using the FDM-produced molds.

Thanks to using model material of elastic properties, the mold does not need
to have any drafts or other special features to facilitate the model removal.
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materi

Silicone does not present any visible shrinkage, so there is no need
to compensate it.

Defects in form of air bubbles and pockets can be easily avoided
by thorough degassing of the base material.

sum up, it can be stated that manufacturing products out of elastic
als using casting process in ABS molds prepared using additive FDM

technology is quite possible, as long as proper process conditions are
maintained. Appearing problems (defects, troubles with mold disassembly) can
be solved by taking appropriate actions — modification of the mold, more
thorough degassing or application of separators. It can also be said that amount
of work needed to achieve satisfying results for this method is not high.
A disadvantage of this process which may increase the cost of its possible
implementation is necessity of applying the vacuum chamber to degas the base

materi

al. Still, described process remains one of the fastest and cheapest ways

of producing short series of fully functional elastic products.
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INTERACTIVE CALCULATOR
FOR ASSESSMENT OF THE STRUCTURE
OF ENERGY CONSUMPTION

Abstract

In this paper we present a simple interactive calculator, which can be used
in individual flats and houses, office buildings and educational institutes
such as colleges and schools, for assessment of electricity use by different
categories of equipment. The user indicates only type of equipment and its
approximate time of work. The program outputs the structure of energy
consumption in graphic format. The results of test procedures and
the ways for improvement of the program are discussed.

1. INTRODUCTION

Insufficient energy supply is a problem faced by many countries, and energy
efficiency improvement is identified as the quickest and most effective solution
to this problem. Many energy efficiency projects are therefore initiated to reach
various energy saving targets [1]. Nowadays Russian government pays a lot
of attention to solutions of the high energy intensive production system
in the country, inherited from the Soviet times. In November 2009 Russian
parliament adopted the law “On energy saving and energy efficiency”, which
established specific obligations of the federal government to co-finance the
programs of Russian regions on energy efficiency. Financing of regional energy
efficiency programs from the federal budget began in 2011. During 2011-2013,
66 out of 80 Russian regions were funded with 1.667 million rubles (about 40
million euro) in total, but only 18% of them have achieved expected economical
results. Almost 30% of the regions were financed by the federal government
only once (in 2011) and then their spending were considered ineffective.
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According to our previous study [2-3] the key factors of low efficiency
of regional energy saving programs is the lack of approved standards
and algorithms in the area of energy audit. In practice, both technical and
economical parameters of energy audit fluctuate in a very large range. It’s due
not only to different complexity of the audit (the number of surveyed buildings,
the number of observed parameters etc.), but also the immaturity of the market.
In some regions with monopolistic market of energy service the audit for
acompany costs much more than paying bills for electricity and heat.
For example, in Yamal-Nenets Autonomous Okrug the average cost of energy
audit contract in 2011 was 185 million rubles (about 4.4 million euro) [4], while
in Lipetskaya Oblast only 200 000 rubles (4800 euro).

In this situation most of the small and middle-size companies as well as
government organizations are getting more and more interested in some “do-it-
yourself” tools that can help to make very first steps in introduction of energy
management systems and reduce the cost of professional energy audit.
Especially strong need for energy audit in public sector is explained by the fact
that in many regions local laws oblige state-financed organizations to reduce
energy consumption by 3% every year at least during 5 years [5].

It is also well known that private consumption, especially energy
consumption, is one of the largest demand classes in most economies, and is
therefore responsible for a major fraction of global emissions [6]. New energy
efficient home appliances can significantly reduce the energy consumption,
however, the extent to which the theoretical reduction potential can be realized
highly depends on individual decision processes. General population in Russia
on its own has not yet embraced energy efficiency as a social value, therefore
not many people are interested to invest in increasing energy efficiency of their
homes and, therefore, to use algorithms for home energy audit suggested by
well-known western companies such as Energy Star and others. Besides the fact
that the majority of Russian urban population live in big apartment houses,
managed by municipal companies and don’t have much opportunities to save
energy, except reduction of personal electricity use. But in some regions tariffs
on electricity for population already grew to the level that makes energy saving
economically reasonable.

In this paper we present a simple interactive calculator (hereinafter
EnergyCalc) which can be used in educational institutes such as colleges
and schools, office buildings as well as individual flats and houses for assessment
of electricity use by different categories of equipment. The user indicates only type
of equipment and its approximate time of work. The program outputs the structure
of energy consumption in graphic format and some recommendation on how to
reduce the most costly item of expenditure. The EnergyCalc is realized in the C++
programming language, following the C++98 standard. It is available for personal
computers running the Microsoft Windows or the GNU/Linux operating systems.
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The structure of the paper is following: in Section 2 we discuss
the formulation of the problem, the methods of gathering information for in-
build database in the program and describe the algorithm of calculation.
In Section 3 we present the design of EnergyCalc program and describe its
realization. Section 4 is devoted to discussion of the results of the tests made for
the case of individual apartment, office of the middle-size company and typical
public school. In Conclusions we make a short summary of main results
and introduce some way for improvement of the interactive EnergyCalc.

2. THE PROBLEM OF ENERGY CONSUMPTION STRUCTURE
MONITORING

According to the standard ISO 50001 “Energy Management System” adopted
in Russia at the end of 2012 the first step of developing energy-saving strategy is
the energy survey. While a professional energy auditis the best way
to determine the potential ways for reduction of energy consumption and
the necessary part of the certification process, one can conduct their own simple
but diligent research and spot many problems in the use of electrical equipment.
The information about total electricity consumption in most cases is available
because the majority of offices and homes are equipped with individual
electricity meters, but the structure of energy consumption is unclear. The main
problem for the average user is the lack of information about how powerful
different types of office and home equipment are. In this situation users often
start to save energy by ineffective methods and very soon give up.

The structure of energy consumption in offices and individual homes varies
alot. Thus, on fig. 1-2 we can see two electricity consumption structures
of the same-sized families living in the same city and in similar homes. While one
of the biggest parts in energy consumption for both families is a refrigerator, other
“energy eaters” differ. For the first family they are lighting and TV, for the second
family — electric stove, washing machine and dishwasher.
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Fig.1. Weekly energy consumption structure: family 1
(Krasnodar city, 3 persons, 100 sq.m home) [source: authors own studies]
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Fig. 2. Weekly energy consumption structure: family 2
(Krasnodar city, 3 persons, 100 sq.m home) [source: authors own studies]
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The similar difference can be seen in the energy structures of offices.
The main reason for this variation is not only different life style of the people
and different commercial activities of the companies, but also the attitude
towards energy efficiency and income level. Low energy prices cause the lack
of incentives to improve energy efficiency for wealthy people and companies.
The level of energy efficiency of household and office equipment has practically
no effect on the price, therefore the majority of the buyers do not pay much
attention to energy efficiency indicators and tend to choose more powerful and
functional home and office appliances. Permanent growth of prosperity
of the middle class Russians is primarily reflected in the acquisition of durable
goods, including a variety of new types of household and office equipment.

Nowadays the study of the influence of the demographic, socioeconomic,
and housing characteristics variation in household energy consumption became
very popular in different countries (see, for example [7-10]), but still not in
Russian economic literature. Therefore it was not possible to rely on results
of previous studies and it was necessary to select a new way to investigate
the structure of energy consumption of the households.

With this in mind we have abandoned the idea of using the typical structure
of energy consumption as a pattern of the EnergyCalc and have used instead
a case-study method for gathering the information about the possible set of home
and office appliances. According to [11], a case study is an empirical enquiry
that investigates a phenomenon in a real life context. In order to avoid volunteer
bias in residential energy efficiency studies, we have used the results of [12]
and provided volunteers with a short questionnaire that takes at most 1 minute
to complete before the study about their intentions to enroll. A case-study was
conducted for 7 households, 4 offices of SMEs and two public high schools
in Krasnodar city, Krasnodar region, Russia. The following information at each
object was collected:

- list of appliances,

- appliances’ brand and year of manufacture,

- users’ satisfaction with the quality (including energy efficiency)

of appliances and their plans to purchase new kinds of equipment.

Then the information about appliances’ energy consumption was collected
from the sites of most popular Russian Internet stores and the official sites
of equipment’s manufacturers. For majority of appliances energy consumption is
measured as power (Wt); for washing machines and dishwashers the energy
consumption for the cycle was measured. If the energy consumption
of appliance depends on the class of energy efficiency or on the presence some
special functions, several modification of the same appliance were indicated
in the list. All collected information was presented in the form of database,
which later on will be built-in inside of EnergyCalc.

The process of calculation the energy consumption was organized as it is
presented in the table below.
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Tab. 1. Methods of energy consumption structure assessments

. Input Data base Calculation
Object
parameters parameter formula
Home and office Time of use

appliances, (hours in a week),
except washing class of energy Power, Wt TimexPower
machines and efficiency

dishwashers (if possible)

Washing Energy

machines and I?:S?E?t;ser:eolf consumption for NumberxECC

dishwashers a cycle (ECC), Wt
Lighting in the Average energy

public high The number of consumption (AEC) NumberxTimex

class-rooms, the s
schools . . for lighting a class- AEC
time of lighting

(class-rooms) room
Lighting in the The floor area of coﬁs\fg%?oinsggg 0

public high halls, the time of puon AreaxTimexAEC

— for lighting
schools (halls) lighting
a sq.meter

Ruming the | LSRR T M ey

average school Y . &y NumberxADEC
kitchen than the kitchen consumption
works (ADEC)

As seen from the table, the structure of the energy consumption in private
apartment and office is calculated by multiplying the operation time of each
device on its output. The algorithm for public high schools is slightly different,
because the main part of the school building usually is occupied by the typical
school classrooms with the same lighting systems, what can be used as
a measureable unit in the process of energy consumption evaluation.
Another measurable unit in school’s energy consumption can be a school
kitchen, which has standard equipment, purchased by municipalities at the same
manufacture through tender system (most of the public schools in big cities have
about 1 thousand students of different age from 6 to 17 and cook a standard
lunch set for all students every day, except Saturdays and Sundays). Halls and
gyms in school also have standards of lightings on one square meter and usually
are equipped with the fluorescent lighting. The parameters of all other
appliances in a school building such as air conditioning, computers, projectors,
musical equipment, interactive whiteboards, plasma screens and others are
included in build-in database. Their energy consumption is calculated similar to
the case of office and apartment.

Proposed way of estimation the structure of energy consumption is simple for
the user, because all he needs is to monitor the time of different equipment
operation for several days (about a week). Then the user can run the EnergyCalc,
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get the structure of energy consumption and the estimation of total electricity
spending, which one can compare with the meter‘s records. If the calculated
and actual readings vary greatly, it may indicate that the user does not take into
account some items of equipment or underestimates the time of their use. If the
readings are the same, the user can analyze the real energy consumption
structure and select the most reasonable ways to optimize it.

3. CODE AND DESIGN

The EnergyCalc program is realized in the C++ programming language,
following the C++98 standard. It is currently available for personal computers
running the Microsoft Windows or the GNU/Linux operating systems. However,
there are builds of the program possible for other operating systems, such as
Apple OS X, as well as a mobile version for Android and iOS. EnergyCalc uses
the Qt libraries (version 5.2.0) and was created using the Qt Creator develo-
pment environment, which is part of the Qt project. The program provides a user
interface in two languages, English and Russian.

The main program window is a selection dialog, which provides buttons to
choose the environment energy calculations should be performed within, such as
home, office or public school (fig.3). This is necessary due to the different types
of electrical appliances typically used within these environments and therefore
different measureable units.

& - ° EnergyCalc

Welcome to EnergyCalc!

Please select the environment you would like
to calculate energy usage for below.

Jobpo noxanosats & EnergyCalc!
MoxanyicTa, esibepuTe KenaeMoe OKpyKeHWE
[NA pacyeTa 3HepronoTpebneHus Bbille.

Fig. 3. Selection dialog [source: authors own studies]

After the desired environment has been selected, the program will attempt to
read the data for this environment's typical appliances from files in its' directory.
If this succeeds, the user should be presented with a dialog similar to the one
below (fig.4).
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@ o Data Entry/Beof AaHHbIX

Please enter the following data For all the electircal appliances you use.

Leave the fields of the appliances you do not use as-is.

If the appliance doesn't have any known energy classes for it, the Bﬁss dropdown will be empty.
MoXanyMcTa, BBEAUTE CNEAYIOLLME A3HHbIE 417 BCeX 3NeKTPonprBopoB, KOTOPLIMU Bbl MONL3YETECH.
ECNV Bbl HE UCMOMB3YATE KaKOW-TO U3 YKa3aHHbIX NpUEOpPOB, OCTABETE Ero NOMA KaK ecThb.

CNHCOK 3Hepro-knaccos ByaeT NyCT, 1K ANA KOHKPETHOTO THNa NpMbopa OHWM HEM3BECTHbI.

Name/Ha3sanue Class/Knacc Jsage time/Bpemn paboTe

3-D Tenesnsop/3DTV | = |h/4
BbiTaxkka/Draught | = ‘“ l h/u
KonauunoHep/Air Condition| A = el
Kodesapka/Coffee maching| | |h/4
MUHU-NIOCYOMOEYHAA MaLL | = | cycles/umnknbi
MUHU-CTHPaNbHAA MalHa | i e
My3biKanbHbIA LieHTp/Music| = |h/4
HoyT6yk/Laptop | = (h/a
CTaLMOHapHbIi KOMMbIoTEp)| = | hf4
Tenesusop/TV set | = (h/4
®eH/Hairdryer | = \h/u
XononunkHuk /Refrdiaerako = hiu >

{ Gal.cu-l.i.atej.l'lpunasecm pacder

Fig. 4. Input window [source: authors own studies]

Here, user should specify how many hours in a selected time period (usually
week, but it also can be day or month) he uses specific appliances presented in
the list. For some appliances (e.g. hairdryers), it may be more convenient to
specify the time in minutes, in that case, the user can modify the right-most
column to specify that he wants to imput minutes rather than hours for those
appliances. Also for some appliences such as washing mashines or dish washers
user specify the number of uses in the monitoring period.

If known, energy-saving classes may also be specified. However, this isn't
possible for all appliances. For those which have no known energy saving
classes, this place in the list will be empty.

As soon as user specifys the operating times for all the appliances, he clicks
the Calculate button below the table. The program will then sort all electrical
appliances by the amount of electircal power consumption, and output the result
in number and graphic formats (fig.5).

Note, that in some situations, such as a failed installation, accidental
installation to a system-only directory, or accidental deletion or damage of the
programs' data files (having the “.energy” file extension), the program may fail
to load information required to allow data entry for some or all types
of environments. A program reinstallation should fix the issue. In case this
happens, an error dialog will be shown.
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i @ - 0 energycalc

Appliance/Npubop Energy consumption/3HepronoTpebnexne
1 2nekTpoayxoska/Electric oven 69720
2 JnekTponnuta/Electric cooker 69720
3 XonogunoHuk/Refrdigerator 28560

4 2nekTpo4aiHuK/Electric teapot 7000

5 Hoytbyk/Laptop 3900

6 BoitaAxka/Draught 550

7 My3blkanbHbeIA LeHTp/Music centre 30

%
38.85% a
38.85% G

15.91%@
3.90% |
217% |
0.31% |
0.02% |

Fig. 5. Output window [source: authors own studies]

4. TESTING PROCEDURES AND RESULTS

Testing procedures were conducted on the same objects as case-study.
The main purpose of testing the EnergyCalc was to determine how the number
of appliances and their year of production as well as the duration of monitoring
period affect the accuracy of calculation of total electricity consumption. For this
calculated results were compared with the meter’s records. Another purpose
of testing was to determine how easy the user can get input parameters and to
what extent he is satisfied with results of monitoring experiment. The responders
have estimated these two parameters in Likert scale from 1 to 5 (1 — not satisfied
at all/ very difficult; 5 — totally satisfied/ very simple) [13]. The tests’ results are

presented in the table below.

Tab. 2. The results of testing procedures

The number . . Mistake, %
. Average time Duration .
Object @IENIIENEE of operation of monitoring, | . (the difference
(measurable in calculated and
units)” (year) e real readings)
Household 1 17 3 7 5%
Household 2 13 4 7 5%
Household 3 18 2 7 7%
Household 4 18 4 7 5%
Household 5 19 3 11 9%
Household 6 19 3 7 5%
Household 7 20 2 10 10%
Office 1 17 7 14 10%
Office 2 10 5 7 11%
Office 3 17 7 7 13%
Office 4 12 5 7 9%
School 1 20 3 5 15%
School 2 20 4 10 10%

All appliances of the same kind such as lamps, computers or laptops of the same power were

considered as one measurable unit
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Analyzing the data at the table, we can see that the lowest level of mistake is
achieved in households. However, neither the number of appliances under
monitoring, nor their year of production or time of observation did not
significantly affect the accuracy of the results.

The level of mistake for offices is almost twice higher, which can be
explained by insufficient quality of monitoring procedure (not all types
of devices and their differences in power are included in the list), but also by the
fact that that not all the energy consumption issues came to the attention
of persons, who conducted monitoring.

There is not enough data to do some statistically proved conclusions about
the accuracy of calculation for public schools, but it seems that the longer
duration of monitoring cause better results.

The level of satisfaction with results and evaluation of simplicity
of monitoring are presented on figure 6. It is interesting, that the level of satis-
faction has a negative correlation with the accuracy of calculation. It happens
mostly because owners (or managers) of complicated objects for monitoring
such as SMEs offices and public schools are more interested in some tools that
are quite simple in operating and can give them a glimpse which investment
decision will be more effective for energy saving.

Most of responders also have noted that the process of monitoring helped
them to realize how much they can improve their daily patterns of energy
consumption; some decided to switch to use of energy saving light bulbs
and others — to use day/night tariff meters. One office manager has observed
unrecorded electricity consumption. Another firm started to consider
implementing environmental standards and motivating workers with pro-social
preferences, because they have found that “green employees” report a signify-
cantly higher perception of usefulness and equitable recognition at work during
experiment (that fully correspond to the results of the study [14]).

These results of testing process show that participating in energy efficiency
studies can be considered as a high influencing social interaction which helps to
form of consumer perceptions and preferences for pro-environmental
technologies [15].

Test procedures were helpful as well in terms of gathering user feedback for
further improvement of the program. Thus, some users noted that they prefer to
use similar program on their mobile phones.
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3 — W satisfaction

sim plicity

Households Officies Schools

Fig. 6. Opinions of the respondents on satisfaction and simplicity
with results of monitoring procedure [source: authors own studies]

Based on the results of test procedures it was decided to present
the calculator for home and office in a form of mobile application.
Current version of the program will be supplemented with practical recommend-
dations on energy saving and put to one of the regional Internet portals on
energy efficiency as open access software. It will not only give advantages in
distributing the program, but will also (in case the user's consent) help to collect
statistics on the energy consumption structure of households and offices. The use
of the Cal-culator at the regional level will help to gather statistical data that can
supplement and clarify the results of studies conducted by government agencies,
which sometimes use outdated methods of data collection that do not meet
the requirements of modern realities [16].

5. CONCLUSIONS

Resent significant increase in electricity tariffs and the growing popularity
of energy-saving technologies in Russia initiate the interest to the problem
of energy consumption monitoring. While a professional energy audit currently
is very expensive, owners of small and middle-sized companies as well as
regular householders demonstrate a high level of interest to use some “do-it-
yourself” tools that can help to make very first steps in introduction of energy
management systems and reduce the cost of professional energy audit.

By the use of presented EnergyCalc one can calculate the structure of energy
consumption of a household, office or typical public school and see it both in
graphic and number formats. Testing procedures helped to figure out that
the lowest level of mistake is achieved in households (average 7%), while
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the level of mistake for offices is almost twice higher. The results of monitoring
for public school have the mistake about 15%, but they can be improved with
increase of time for monitoring.

Test procedures were helpful in terms of gathering user feedback for further
improvement of the program. Based on their results it was decided to present
the calculator for home and office in a form of mobile application
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(2]
(3]

(4]

(3]

(6]

(7]
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Arkadiusz GOLA™, Eukasz SOBASZEK ™

IMPLEMENTATION OF MS ACCESS
SOFTWARE FOR CASING-CLASS
MANUFACTURING FEATURES SAVING

Abstract

Manufacturing features are widely accepted as a means for the CAD,
CAPP and CAM systems and their integration. Despite high number
of works in this area, the investigations on the methods on manufacturing
features saving are still limited and many results are not suitable for
manufacturing systems design purposes. The paper presents possibility
of using the MS Access software for saving and management
of constructional data of casing-class parts. Therefore, the method
of representation and saving casing-class constructional knowledge was
developed. The proposed method is based on application of the design
feature technique.

1. INTRODUCTION

The increase of global competitiveness, motivates manufacturers to realize
their processes in more and more efficient way. On the other hand individuali-
zation an complexity of manufactured products caused the complexity
of production preparation and management. In consequence, these challenges are
the main cause of permanent development in such areas as production
preparation processes and realization of production processes. The manufac-
turing process planning is one of the most important action in the domain of both
technical production preparation [1,2] and manufacturing systems design [3,4].

Manufacturing feature technology is the subject of many works.
Especially high number of works deals with the algorithm for feature recognition
[5,6,7]. Despite underlining the significance of the manufacturing features
in CAD/CAPP integration [8,9,10] or detailed descriptions of applications
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of manufacturing features in different manufacturing process planning activities
[11,12,13], there are only works about the logic structure of the database used
for a the storage and processing of manufacturing features [14,15].

Databases significantly influence the application of computer techniques.
To make database software useful for manufacturing features storage the proper
method of representation and saving constructional data is necessary. This paper
presents the conception of method of representation and saving constructional
knowledge about casing-class parts using the MS Access system. This solution
was successfully implemented for computer aided machine-tool selection
for flexible manufacturing systems [16-21].

2. METHOD OF REPRESENTATION OF CONSTURCTIONAL
FEATURES

In this work the concept of ‘construction’ word is understood in accordance
with definition presented by J. Dietrych [22]. Following to this definition,
‘construction is a configuration of features and different states of a part’.
Determination of construction depends on assigning of part’s states.
Construction is determined by defined constructional features. Identification
of constructional feature depends on selection of constructional structure
and configuration of dimensions what can be presented as below:

C=fdI;Y), (1)

where: C — constructional feature,
IT — constructional shape of part,
Y — configuration of dimensions.

According to J. Dietrych’s definition, constructional shape of part is quality
constructional property, while configuration of dimensions is a way of identify-
cation constructional features. Simultaneously, only construction determines
permissible decomposition identified using a configuration of dimensions.
Formal representation of W dimension as an element of configuration
of dimensions can be submitted as below:

W=N+T, ()
where:

N —rated dimension,
T — tolerance of dimension.
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After analyzing traditional constructional and technological documentation
of casing-class parts and also available in literature solutions concerning
with designing of technological data base and data management, the method
of representation and saving constructional data was developed. This method
was based on three-levels data base what was shown in fig. 1.

LEVEL 1 ‘Product W, ‘Product W, ‘Product W3 Product W;

\
|

3 Slot Ky ‘ Plane P; ‘ ‘
Hole O, Slot K, Plane P, ‘ ‘
3 Slot Ky Plane Py ‘ 3 3 ‘
\_{ Hole O ‘ \_{ SlotK ‘ \—{ Plane P ‘ \—{ Hole O, \—{ SlotK ‘ L{ Plane P ‘ \—{ Hole O ‘ L{ Slot K.

Fig. 1. Structure of database for saving data on casing-class products
to be machined in a FMS [source: own study]

Plane P,

Plane P,

Plane Py

|
LEVEL 3 }
|

From Level 1 the user can input data of informative character and define
the product to be machined in the FMS. In particular, the input data will include
such items as:

- the name of the product,

- product’s symbol,

- overall dimensions of the semi-finished product (including distances

required for fixing the product on a machining palette or in a fixture),

- weight of the semi-finished product,

- assumed annual production program for the part.

Level 2 is used to define the datum surfaces for the machining of the part.
The datum surface is taken as an actual or a virtual plane within the machining
space, defined in terms of position, permitting precise parameterization
of coordinates of features involved in the machining process of a specific
product. A uniform system of classification of machining datum has been
developed for the purposes of description of datum surfaces when
machining parts.

Level 3 of the database is used to define the consecutive features to be
machined, with relation to specific products from the casing class. In particular,
there is a possibility to define three basic types of machined features — planes,
holes, or slots.
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2.1. Classification of the basic datum surfaces for the machining
of the casing-class part

To make an automatic verification of machining specified part on specified
machine tool possible it is necessary to simultaneously define both the position
of the part and position of all objects to be machined in the machining space
of the machine tool. But it is also important to define not only position but also
side from with the machining process will be realized.

Casing-class parts are objects which have three-dimensional character,
and machining process for these parts can be realized in flexible manufacturing
system after fixing them on the technological (or machining) pallet. In order to
realize proper description of basic datum surface for the machining of the part
the literal-numerical system was taken. This system allows for determination
of datum surface and coordinates of basic point which is characteristic for
the position of basic datum surface for the machining (fig. 2).

A Position in axis: X=20 mm, Y=632mm,Z=0mm
— ) — g —
Designation of the Designation of coordinates of the basic point
datum area

Fig. 2. An example of designation of basic datum surface
for machining [source: own study]

The system of classification of datum surface for machining was based
on five basic datum surfaces for machining designated using the symbols
as below (fig. 3):

A — basic datum surface for machining (cutting plane) parallel to the surface

of technological pallet,

B — basic datum surface for machining (cutting plane) perpendicular to

the surface and parallel to one of longer edge of technological pallet

C,D.E — basic datum surface for machining (cutting plane) perpendicular to

the surface of technological pallet turned in accordance with
the direction of clock-hand moving adequately for an angle 90°, 180°
and 270° in relation to defined B basic datum surface.

In case of existing additional datum surfaces for machining placed into
specified angle in accordance with the location of basic datum surface for
machining the destination has the literal-numerical character. Letters indicate
basic datum surfaces which are the basis for determination of placement and
number which determines the angle of cutting-plane location in accordance with
basic surfaces (for example: designation AE 30 determines basic datum surface
placed between cutting planes A and E slanting into angle 30° in according to
basic datum surface for machining A — fig. 4).
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Fig. 3. Literal denotation of basic datum surface
for machining [source: own study]

In order to define in an unequivocal way the basic datum surface for
machining in machine-tool’s machining space it is needed to define coordinates
of location any basic point on the plane in according to co-ordinate system with
origin of coordinates in the middle of front plane of technological pallet on
which the object to be machined is fixed (fig. 4).

\/

Fig. 4. An example of indicating the basic datum surface for machining located
with the angle 30° in relation to A and B basic datum surface [source: own study]

2.2. Saving constructional knowledge about parts to be machined

Defining the basic datum surface for machining according to the classify-
cation gives possibility to define datum surface for machining in machine tool’s
machining space and determines the cutting plane of reference for each object
intended to be machined in specified part. Analysis of features of casing class
parts allows to specificate three elementary objects which are machined in this
type of parts:

— Planes,

— Holes,

— Slots.
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Planes are the most often machined to obtain surface’s roughness or flatness
imposed by the constructor. It is possible to distinguish two types of planes:
internal (grooves) or external (shelves), for which are defined: coordinates
of machining range in X and Y axis (in local co-ordinate system on the basic
datum surface for machining in relation to placement of basic point), value
of withdrawal from basic datum surface for machining, roughness of butting
and/or lateral face (for grooves) and also different information concerning
with the machined surface (for example: flatness deviation).

Holes can be divided in cylindrical hole (straight forward) and conical
(convergent). In case of holes defined parameters are: coordinates of hole centre,
its dimensions (diameter or diameters, angle of inclination), roughness
parameters, deviations of position and dimension, information about its
materiality, thread, machining depth and others.

The characteristic type of object which can be found in casing-class parts are
slots completed for fixing with using o-rings. These objects, performed most
often by the milling or reaming are some kind a special type of ‘“cut-outs”
performed in machined earlier holes. For slot-type objects defined parameters
are: coordinates of slot centre, width and diameter of slot, value of withdrawal
from basic datum surface for machining, value of roughness of cylindrical and
frontal surfaces of slot and other values connected with the object (for example:
deviations of position and dimension).

All of presented above objects are defined individually and independently apart
from each other and each of these is identified using the unrepeatable symbol given
by the user in the moment of input the object into database. In case of complex
holes (with cylindrical or conical spot facing) they are decomposed into elementary
elements (cylindrical or conical hole) where each one is defined separately.

For unequivocal determination of orientation in machine tools machining
space, it is necessary to define coordinates in relation to connected with
the object basic datum surface for machining. Coordinates of position
of characteristic point (or characteristic points) —i.e. center of the hole or the slot
are determined in two-dimensional local co-ordinate systems. One is the plane
which is overlapping with basic datum surface for machining where its center
is overlapping with the basic point of datum surface for machining (fig. 5).
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B - datum surface (Location in axis: X=150 mm; Y=0 mm; Z=75 mm)

A
Exchange of coordinate system
> = T
300 / Y N
300
150
150
B < B x
R30
___________ D 200
< R 30
< 100
X
70 P 4
" Basic point of datum area [150,0,75] Local co-ordinate system OXY

((Coordnates of basic point
X in global co-ordinate system)

Parameters of the object:

Straightforward hole (cylindrical)

Position of the hole (center) : axis X : 150 mm
axis Y: 100 mm

Hole's diameter: @ 30 mm

Hole's depth: 25 mm

Thread: NO

Type of the hole’s bottom: flat

Fig. 5. An example saving data about location and parameters
of selected cylindrical hole-type object [source: own study]

3. SAVING CONSTRUCTIONAL DATA ABOUT CASING-CLASS
PARTS USING MS ACCESS SOFTWARE

The database where manufacturing features of parts intended to be machined
in FMS are gathered using MS Access system and in this article the database is
presented as a part of the system <<OPTSELECT>> which allows for computer
aided machine tools selection for casing-class flexible manufacturing system.
Its starting, which allows to input constructional data, is realized from the main
form of program by trusting the bottom “Data input about parts to be machined
in FMS” — fig. 6.

<<OPTSELECT>> Machine-tool selection
in casing-class flexible manufacturing system

l&lﬂfg: Data input about machine-tools

@ input about parts to be machined in FMS

1o
0 | I + 41, F 1 I : I £ Fy ) Py AP A ¥

Fig. 6. Starting the constructional features database [source: own study]
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Database where the saving process of constructional features of parts to be
machined in flexible manufacturing system has three-levels structure according
to brief foredesign presented in section 2 (fig. 1). Starting the database causes
opening the main form of data base, which gives possibility to input data
of informational sense which define the part to be machined in FMS — fig. 7.

oo &

Catalogue of casing-class parts to @
be machined in FMS

Identification number 1

Part's catalogue number:  419-40-1002

Name of the part | Cylinder block

overall dimensions of semi-finished product Distance needed to fix a semi-finished product

Lenght (L): 712 mm In axis of the product's lenght: 76 mm
‘Width (B): 243 mm In axis of the product's width: 307 mm
Height (H): 712 mm In axis of the product's height: 178 mm
‘Weight of semi-finished product: 91 kg
Annual production programme: 760 pieces

Fig. 7. Main form to input data about parts to be machined in FMS [source: own study]

Using the form presented above, the user has also possibility to define all

necessary basic datum surfaces for machining in case of consecutive parts
moved into system — fig. 8.

Catalogue of casing-class parts to @

. .

be machined in FMS s @
‘Weight of semi-finished product: 91 kg
Annual production programme: 760 pieces

Basic datum surfaces of the

Location of basic point:
e tatinn borhace (i relation to the center of the pailet)

In X axis: In Y axis: In Z axis:
0 |[mm |83 mm | o |mm [ Gotothe datum surface form |
0 |[mm | 476 mm | o |[mm [ Go o the datum surface form |
B 167 |mm [ 476 mm [ o |mm |

Go to the datum surface form ‘

dd 3@ new symbol of datum surface

Remarks:

Fig. 8. The form for defining datum surfaces for machining [source: own study]
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Defining individual objects intended to be machined into a part is possible
after opening the datum surface for machining form (button “Go to the datum
surface form”) and pressing the button “Add a new machining object” — fig. 9.

Datum surface

Identifier of the basic datum surface 1
(Generated automatically)

Symbol of the datum surface: AB45 B

Position of basic point
(in realtaion to the center of the pallet) C| Add a new machining object |
“'_Il__

Save and exit

In X axis: i} mm | |
In ¥ axis: 232 mrm | Exit without saving |
In Z axis: 0 mm

| Close |

Fig. 9. Adding a new machining object [source: own study]

When choose the defined object (fig. 10) the user takes advantage of proper
appearing form (which is characteristic for particular object) input parameters
connected with defined object. The fragment of an example object (cylindrical

hole) was presented in fig. 11.

Type of an object
Type of a hole
Z__ | Plane
%ﬂ% Cylindrical hole (straight forward)
L
/%// // Hole —
i, | Conical hol f
/é/// /% onical hole (convergent)
Slot

Fig. 10. Following steps in defining the object to be machined [source: own study]
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Cylindrical hole

Define the basic datum surface for the hole:
(hotce fom che gl

B: Location in axes: X: 0 mm, Y:476 mm, Z: 0 mm [

Symbol of the hole: | O3

Coordinates of the hole's location:
InXass: 66,25  mm

InY axis: | 333,2 | mm

Input tolerance for hofe's focation

Hole's diameter: @ 13,50 mm

Input tolerance for hale's diameter

Type of a hole:
Arterial
@ with definied depth

Preview:

i e T (U 17 mm Type of the hole's bottom:
(from the datum surface)
Flat
@ Conical An angle of the hole's bottom: | 112
i
Is the hole threaded?: a
@ YES L
NO

Type of athread 3/4"- 10UNC- 28 Thread's depth ():

The same as the hole's depth
@ Dpefined depth: 43 mm

Roughness designation:

Fig. 11. The form of saving data about the object
(an example of cylindrical hole) [source: own study]

Information about loaded parts, basic datum surfaces for machining and

objects can be chosen both from the level of form and the table, where the data

are saved. Passing between separate forms is possible thanks to navigational
buttons located on each of the form. From the level of particular form it is
possible to check each time all connected objects (for example: part and defined
basic datum surfaces, or the basic datum surface for machining and connected

objects).

All constructional data about parts to be machined are saved in 10 connected
tables. Detailed specification and relation between them were presented in fig. 12.
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Przedmioty
¥ ID_przedmictu
Numer czesci

Przedmioty i strony
ID_przedmiotu
ID_strony

Nazwa czeici

Strony obrobki-...
F ID_symbolu
Symbal

Strony_i_otwory
1D_strony
ID_otworu

Otwory
% ID_otworu -

Rodzaj_otworu E
Sy Warl

|

Prog_prod
Uwagi

Qdch_x_géra
Pol¥

Strona_i_kanatid L/; Kanatek
ID_strany F ID_kanatka -
ID_kanatka =2, Symbal_kanatka E
Pat X

Pol_t
Czy_odch_pat
Qdch_¥_dot
OdcH_H_gara

Ouelrh Y_ddt b

Fig. 11. Tables and relations between tables in database about parts [source: own study]

4. CONCLUSIONS

One of the fundamental tasks when design and develop software which helps
the human to realize any activity is to guarantee possibility of simple and fast
input appropriate data and in such way that it would be possible to select, look
over and verify them. In order to make it possible one often has to develop
the conception of gathering information is structuralized way, that gives further
possibility to fast access to their source and fast processing of them.

This kind of problem is possibility of saving technical knowledge
(constructional and technological) about parts to be machined in manufacturing
system in such way to make possible the optimal selection of machine tools used
for their processing. In this article the method of representation and saving
constructional data about casing-class parts was presented. This method was
submitted in context of problem of machine tools selection in flexible
manufacturing system. The presented method allows for relatively fast and simple
“transfer” data recorded as traditional constructional and technological
documentation to computer software which helps the designer to select the FMS
machine tools subsystem.

The presented method was based on three-levels data base which allows
for saving constructional parameters and in different module — technological
knowledge. This conception was implemented in the surface of MS Access
database software and is an integral module of <<OPTSELECT>> program
which is dedicated for casing-class flexible manufacturing system machine tool
subsystem selection. The method can be moreover used in an independent way
both for different task where the computer saving and registering technical
documentation is necessary and also in different user applications.
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research school, clustering, text mining

Natalya SHAKHOVSKA', Roman NOHA™

THE SYSTEM DEVELOPING OF FORMING
RESEARCH SCHOOLS BASIS
OF PUBLICATION ELEMENTS ANALYSIS

Abstract

In this paper the method of research publications elements analysis that is
determining common qualities of research publications and their
clustering as an instrument of selecting and sorting out the information
about research schools has been introduced. In module structuring
documents transmitted there are tape that indicates the address of the file.
Depending on where the file is, it can be a path to a file on the local disk
or URL on the Internet.

1. INTRODUCTION

Scientific direction is an area of scientific research team to address some
significant fundamental problems. School Science is a Research team, which
aims at addressing scientific field.

Abstracting is the process of obtaining information of primary importance
from one or several sources in order to create a shorter version of it to meet
the requirements of some users or tasks [1,2].

Among the segmental items of scientific publications the following ones can
be defined: the author, the research institution, the subject, and the keywords.
It is determining of these 4 elements that gives the possibility of faster content
searching as well as text and structured information integrating. The process
of abstracting is divided into three phases: analysis of the source text, identify
specific fragments and the formation of appropriate conclusion. Most current
work focused around technology developed referencing one document [1].
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natalya233 @gmail.com

* Lviv Polytechnic National University, Ukraine, 79013, Lviv, Bandera str., 28a,
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The method involves compiling quotes emphasis on the selection of characte-
ristic fragments (usually sentences). This method of mapping phrase patterns
allocated blocks biggest lexical and statistical relevance. Creating a final document
in this case is merging aggregation of selected fragments.

Most methods used linear model weights. The basis of the analytical phase
of this model is the procedure for appointing weights for each block of text
according to characteristics such as the location of the block in the original
frequency of appearance in the text, the frequency of use of key sentences, as well as
indicators of statistical significance. The sum of individual weights are usually
determined after further modifications according to specific configuration
parameters associated with each weight, gives the total weight of the entire block
of text [2,5,6].

2. THE PROBLEM FORMULATION

Among the available methods for the analysis of scientific publications is to
develop ontologies. The important role in the analysis of the set of text
documents and Internet there is playing World Wide Web. The ontologies usage
for searching allows the user to formulate a query at a higher level of abstraction
than is possible when searching for keywords.

Let us consider the examples of systems using ontologies for the Internet [4].
Observer (http://siul02.si.ehu.es/~jirgbdat/OBSERVER). This system provides an
approach using the many existing ontologies to access heterogeneous, distributed
and independently of developed repositories of data. The implement-tation of this
approach is the ideology broker ontology domains. It is assumed that there is
a lot of pre-existing ontologies domains; user optionally can build new terms for
a specific ontology. User formulates a query certain language in terms of one or
more ontologies and broker “seeking” relevant information resources, performing
broadcast request in appropriate ontologies and, if necessary, and a combination
of multiple ontologies for a precise answer to the request [7,9].

OntoSeek is designed to retrieve information from the context of online “yellow
pages” directories and products. The system can handle both homo-geneous and
heterogeneous catalogs of products. For exact fixing of context this system can be
applied to interactive approach where user progressively refines the meaning of key
words with linguistic database.OntoSeek a centralized server that hosts the database
of lexical conceptual graphs known system resources, but create the graphs client.

The approach used in OntoSeek is different from the approach used
in the model W3C Resource Description Framework (W3C RDF, Netlogon!
Unacceptable Object hyperlinks. In the RDF description of the data structure
(ie, schema data as <subject, predicate, object>) object is added in HTML/XML
document and it is not stored separately. There are no additional conditions on
the semantic consistency RDF requires.
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WordNet is a linguistic database consisting of sensitive groups of words
equivalent in meaning. WordNet is both lexical dictionary (created for several
European languages), and ontology that reflects relationships between words in
the dictionary. Description resource is implemented as a lexical conceptual
graph, where peaks correspond to words, and referred to the arc present
the semantic relations between words (eg, relations of “part” or “subclass”, etc.).
Names of vertices and arcs are also taken from WordNet when you create
a conceptual graph of a particular resource. Finding resources is relevant to
auser query. This process based on a comparison of ontologies (lexical
conceptual graphs) of these resources. For resources selection that relevant to
auser query WordNet performs comparison of conceptual graph queries from
existing resources conceptual graphs or parts of graphs.

Ontological approach is famous to search for papers specific scientific
school. However there is small number of Ukrainian language ontologies.
Therefore, we can use the ontological search on the next stages constructing
a system analysis of the scientific schools.

As you can see, nearly all of these areas there are scientific investigations.
But these non-integrated work, do not provide a single processing and rigidly
attached to the data model that is completely unacceptable in the context of data
space. Therefore, the problem of formalization of data space is important.

3. MAIN PART
3.1. The method of research school clustering

Uploading the data, analysis and selection of the publications elements are
the necessary steps to acquire information needed from the content for its further
processing. Suppose there is a certain publication P.

We will analyse the document, which consists of name 7, keywords K, author
A, main part M, literature L [3]:

D=1{T,K,AM,L} (1)

Defining elements of the document is based on the allocation of such features
text: location in the document; location of a paragraph (left, right, centered);
type of writing (bold, italic, underline, normal); character recognition.

For the task of bringing to the final ranking factor “information novelty” use
the following method:
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1. Let we have two sets of sentences B= and A= {Ai\i = 1,2,...,N}, Nis
count of sentences in text. For every sentence A, the usefulness P(i), set
q,: P(i),=q,,i=12,..,N.

2. The sentences from set A sort Descending P(i), .

3. If A, has the biggest P(i),, we take it in B. The usefulness for sentences in
A set s P(i)=P(i)/kq,, where k>0 is a factor clipping similar

sentences.
4. Is A empty? If NOT, go to 1.

After publication abstracting the expected material's “characteristics” have
been obtained. After the data have been analyzed and the necessary information
has been received the research publication clustering can operate. Clustering is
the automatic partition of the elements of a certain set into groups. It can be
achieved by using the k-nearest neighbor algorithm. The k-nearest neighbor
algorithm consists of several steps.

1. Setting up the number of neighbors — k [7,8,10,11].

Since the features of clustering (author, research institution, subject,
keywords) have not been arranged properly the d-isolated points matrix is
to be applied:

1, Xx=Yx (2)

I(X.x,Y.x)=
0, X.x=Yx

d(X,X,) = ZP:I(X.AI.,Y.Ai) + Zr:l(X.Dj,Y.Dj)il(X.B,,Y.Bt) +ix.c,yc) 3

where: p — number of authors of both of the publications,
r — total number of keywords, w is a total number of scientific
institutions,
X .A; — the author with number i for scientific publication X etc.

2. Determining the k — nearest neighbors for every object. Object X, is
considered to be the nearest neighbor for X if (X, X)=maxd(X,,X),

i=1,N, where N is the number of publications.

3. Object X is defined to be of the same type as most of his nearest k
neighbors. If the object is not registered in any of the clusters loose
bounds between the object and the clusters are being searched for.
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If the value of distance between the objects X and X, is smaller than
one third of its maximum number they are loosely bound:

a,0x.x,) < AR 4)
Having a loose bound allows to use the common quality definition method
in the title of the publication.
Suppose there are certain titles C/, C2, C3. For example:

C1 = «Searching and saving information with the help of the web serach engine ».
C2 = «Review and saving files in the file System ».
C3 = «Searching for information in the World Wide Web».

Let the titles be divided into 2 parts: right and left using the symmetric
division in length. Suppose that the left part is more valuable in terms of its
informative importance than the right half. The subjects are to be divided right
and left and the common qualities are to be picked out. Words such as «and, so»
should be ignored. Words with capital letters should not be ignored because
there may be cases of it functioning as abbreviation. In addition the endings
of the words should be cut-off. The result is:

Cll=C3l=«searching, information»,
C]l=C2l=«SclVing».

The created between the publications in which more than half of the words in
the left column match is called the strong bound. Since CII/ and C3[ have 2
common names in their titles there is supposed to be strong relation between
the publications P/ and P3. Therefore the titles C// and C2/ have a loose bound
in their titles.

Such bounds between the titles can be applied for additional bound loading
between the publications which in its turn may influence the process of decision
making which of the existing scientific schools the research publication refers
to or if it is to be left for creating a new school.

For estimating of classificator k-NN quality there is used indicator
of the probability of correct classification: TP (true positive) — number of docu-
ments with true classified, FP (false positive) — error of 2 range (count
of documents, which are incorrect been in cluster); FN (false negative) — error
of 1 range (count of documents, which must be in cluster, but they are not here;
TN (true negative) — count of documents, which not belong to the cluster.
Values TP and TN evaluate by formula:
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TN = Nn - FP

where: Np — count of documents, which clustered without error and Nn
is count of documents which clustered with error.

Next we norm values TN, TN, FN, FP:

FN FP

nFN = — *100%;nFP = — *100%,
nTN = Ll *100%; nTP = " *100%.
Nn Np

Also we estimate the quality of document clustering. We use such metrics:
ND

‘ D rel retr

12

- Recalc:

B

rel

.. D
- Precmon:‘ rel

nrel

where: D, — the set of relevant documents in cluster,

D, — the set of not relevant documents in cluster (error in clusterization),
D,,,. —the set of relevant documents in another clusters.
3.2. APPROBATION

The first stage of implementation is to design a database (DB). At the stage
of system analysis we found the essence of which exist in the subject area, and
identified their attributes. All entities in varying degrees are reflected
in the designed database. Let us describe the purpose of the database relations:

1) Sentence contains the information of all sentences in the publication.
This entity has the following attributes: SentencelD, WordsWeight
(Weight of words), Format (Format), Place (Place), Sum (amount).

2) Keywords (Key words) contains all the keywords in the text. This entity
has the following attributes: WordID, Word (word), Frequency
(Frequency), Place (Place), Format (Format), UserWeight (weight user),
Sum (amount).
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3) Words-Sentence contains the relationship between words and sentences
in the text. This entity has the following attributes: ID, WordID,
SentencelD. Designed database has entity StopWords, which has a purely
official character, has the following attributes: ID, Word (fig. 1).

Bie| W nten I=| Sentence
? i} ? Sentencell
% WordlD - WordsWeight
? SentencelD Format
@1 Words Sentencelablefidapte: Place
5
% Fill GetData il
9| Sentencelablefdapte:
% Fill GetData (

™ I| Keywords
7 WordD
Word
Ii=| StopWords Frequency
:.? o Place
Word Format
'R StopWordsTableAdapte ls.lserWaght
um
'R KeywordsTableAdapte
% Fill GetData ()

Fig. 1 The database schema [source: own study]

The database is implemented in SQL Server 2005 database that allows you
to use a large arsenal of ready-made solutions for data analysis and texts.

To take into account effects associated with differences subjective knowledge
receiver and transmitter in communication processes, which are the conse-
quences of different amounts of knowledge in software, there is used thesaurus
model that relates the semantic properties of information the user with the ability
to perceive information. Updating a document in the system is due to its
analysis. As the documents differ both in format and content, it provides the
ability to replenish empowerment for disassembly. In module structuring
documents transmitted there are tape that indicates the address of the file.
Depending on where the file is, it can be a path to a file on the local disk or URL
on the Internet. To describe the metadata is recommended to apply a basic set
of elements of Dublin Core. The concept of metadata is used in many
communities, including governments, libraries, educational institutions and
commercial companies. So, it will be easier to integrate the system with other.
This document is of a hierarchical structure that contains metadata for all sections
regardless of the depth of nesting and all resources such as images and tables.
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For approbation we analyzed 208 scientific publications and have

of publication clustering (table 1).

Tab. 1. Result of publication clustering

Relation database

Count

Lviv Politechnic National University

42

Kharkiv national university of radioelectronics

42

Ternopil State University

27

Cloud computing

Count

National Technical University of Ukraine :KPI

45

National Aerospace University

32

Lviv Politechnic National University

28

The interface of developed system is given belong.
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Fig. 2. Result of clustering [source: own study]

result

There is presented the result of scientific school clustering. In the first
window the list of publications is given. After that we can see 3 schools consists

of publications with similar keyword.
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4. CONCLUSIONS

In this paper the method of research publications elements analysis that
is determining common qualities of research publications and their clustering as
an instrument of selecting and sorting out the information about research schools
has been introduced. Depending on where the file is, it can be a path to a file on
the local disk or URL on the Internet. There is described the method, which
analyses the document. Clustering is used to sort out the information about
scientific schools. The method of finding the bound between the research
publication and the research school it refers to has been developed.

The document consists of name, keywords, author, main part, literature.
Defining elements of the document is based on the allocation of such features
text: location in the document; location of a paragraph; type of writing; character
recognition. The sum of the individual weights of words and sentences tend to
be determined after further modification according to specific settings associated
with each weight, gives the total weight of the sentence. The sum of individual
weights are usually determined after further modifications according to specific
configuration parameters associated with each weight, gives the total weight
of the entire block of text.

The algorithm to create a database publishing features is introduced.
The architecture of scientific school forming system is described. In this paper
there is described the purpose of the database relations. The database is imple-
mented in SQL Server 2005. The business-part of the analyzer for data retrieval
and for data finding is described.

Our experimental results demonstrate the efficiency of the proposed algorithm.
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EFFECTS OF TILLAGE TECHNOLOGY
ON ENERGETIC EFFICIENCY
OF RAPESEED PLANTATION
FOR BIOFUEL PRODUCTION

Abstract

Biofuel production, as well as any other production processes, involves
a number of conversion steps each of those is connected with unavoidable
consumption of energy. Since biofuels are intended to replace fossil fuels
it is important that the sum of energy inputs into subsequent technological
steps does not exceed the energy output from the system. Basing on
theoretical model derived recently by present authors, energy require-
ments for several agricultural technologies are computed, and used for
estimation of energetic efficiency of rapeseed plantations dedicated
for biodiesel fuel production. The effects of technological choices on
energetic efficiency of plantations are demonstrated basing on numerical
compu-tations performed using realistic data.

1. INTRODUCTION

Needs to mitigate carbon dioxide emission to atmosphere, and therefore
to decrease danger of global warming, drives contemporary fuel production
technology into search for various alternative energy sources that would
effectively replace fossil fuels [1]. The other reason for such search is expec-
tation of an exhaust of fossil fuels resources, especially that of petroleum, which
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should be replaced by other resources in order to maintain sustainability
of economical development. Problems connected with the use of various types
of biomass as the source of energy are widely discussed in literature [2-7].
In several recent sources a large variety of agricultural technologies has been
presented [8-12]. Recently published handbook [13] presents several
technological data of a number of agricultural machines including the fuel
consumption. Differences in available tillage methods lead to very diversified
energy consumption in different sets of operation being performed. This leads to
the conclusion that energetic efficiency of plantations using different
technologies might substantially differ. Since several economical instruments,
e.g. “green certificates” or “Renewable Energy Certificates”, increase financial
profitability of investments into biofuel plantations, the attention paid to the
technological sense of particular solution might be decreased, and some
important factors might be overlooked. It is therefore important to investigate
how various technical effects play role in determination of energetic efficiency
of any technical solution being undertaken.

The present authors [14] have recently published a theoretical model
of energetic efficiency of agricultural plantation designed for production
of biomass for biofuels. The model includes the most important contributions to
energy efficiency, and permits calculations for any practical situation, as well as
analysis of some dependencies.

The aim of the present work is to estimate effects of the choice of agricultural
technology on the energy efficiency of plantation (practically defined in
analogous manner as EROEI).

2. THE MODEL

Biofuel production, as well as any other production processes, involves a number
of conversion steps, and a number of necessary operations. Each of the steps
is connected with unavoidable consumption of energy. The energetic efficiency
of plantation, can be defined as a ratio of total energy produced to the sum of energy
inputs. On the side of outputs it can be expressed in terms of crop yield, caloric
values and mass fractions of crop components used for biofuel production.
Fuel consumption and caloric values of the fuel used in subsequent agricultural
operations, as well as transportation distances and fuel consumption during
transportation of goods (production means and products) between fields used in
production and also during transport to customers, and its caloric value, as well as
energy embodied in production means — determine energy inputs to the production
system. Embodied energies (amounts of energy used for production of a particular
good — the idea generalized to the notion of emergy contained in corresponding
technical means (like fertilizer or e.g. insecticide or in machines) [15].
Consequently energetic efficiency can be expressed as:
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where: Ej;, —is energy obtained from the field,
E.. —is energy expended on tillage operations,
E, —is energy consumed for transportation outside of fields,
E..» —1s a fraction of embodied energy contained in production means,
that is spend during tillage operations and transport.

The contributing energies are further expressed as follows — at first energy
obtained from the plantation equals:

Epio =A X Mcrop (Cf' Cw» Ccp ’ ) Xy X Y=g KX Whio (2)

where: A — plantation area,
Mo (cp Cuy Cep... ) — crop yield dependent upon concentrations:
¢ — fertilizer, ¢, — water, ¢, — crop protection means, maintained
during cultivation. This dependence should be estimated on the basis
of empirical field studies.
y — general mass fraction of biofuel in the crop,
oy — mass fraction of k species of biofuel,
Woiox — low caloric value of k-species of biofuel.

The other term is the energy consumed on the field during agro-technical
operations:

Eex,agr = quelA X Z:ril[z_:] + Z:ril 25:1 Vi X Emik (3)

where: @; — the fuel consumption per unit of the distance passed during
the individual agro-technical process,
d; — width of the land strip operated in the single course of i-th operation

Wi — the low caloric value of the fuel used for operations (might be
fossil fuel or biofuel),

m — the number of the agro-technical operations (in each one
of the operations the width of the worked field, d;, and the consumption
of fuel, w, can be different).

7, —is a fraction of embodied energy contained in one of the, k technical
means employed at i-th operation (machines, fertilizers, etc.). It may be
estimated e.g. as ratio of the time of particular operation to the total
expected life time of particular equipment.

Emj, —1is embodied energy contained in k-th technical mean.
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The last term concerns transportation of goods (including crops) outside
of the field. This term is especially important for big plantations that have to be
arranged in several fields separated sometimes by quite long distances.
Contribution of transport is also significant when crops have to be transported
through long distance to industrial facilities for processing. It is expressed as:

Ey = S:l Lp X {Bp X quel,tr + Emtp} 4)

where:
L, — distance driven outside of the field in p-th route,
B, — fuel consumption during p route,
Wier,ir— low caloric value of the fuel used in transport,
Emt, — fraction of embodied energy of a given transportation mean
corresponding to the unit of distance driven.

Another factor, do not expressed explicitly in above formulas, however
possible to be included in numerical computations, may concern dependence
of fuel consumption upon caloric value of the fuel. Such dependence should be
determined empirically, and will be very much dependent upon the equipment
being used. It is therefore difficult to include it in a general form.

The model described above does not contain any specific assumptions
concerning type of plants being cultivated, therefore it is general, and applicable
to any plantation. Only substituting specific numerical values corresponding to
particular plant limits conclusions to efficiency of plantation of this specific plant.

3. RAPESEED PLANTATIONS

As mentioned earlier there exist several technologies of rapeseed cultivation
for biofuel. In the present paper three different approaches will be presented.
The first one is a traditional tillage system, while the last is a direct seeding
being extremely simplified way of cultivation. This simplified cultivation
method, after initially lower yield, is expected to give approximately the same
yield as traditional method after the technology is implemented in full.
Each of the approaches involve several variants exhibiting different require-
ments with respect to energy input.

The first method includes ploughing, and some other agro-technical
operations and eventually forecrops.

In the other strategy ploughing, and agro-technical operations are evidently
reduced., while direct seeding do not contain ploughing and other operations are
reduced. Fig. 1 and 2 show consumption of diesel oil in some variants
of traditional and direct seeding methods.
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Fig. 1. Consumption of fuel on a hectare of plantation during
traditional tillage with various forecrops [source: own study]
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Fig. 2. Consumption of fuel on a hectare of plantation
during direct seeding with various forecrops [source: own study]
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Tab. 1. Energy consumed during several variants of agro-technical operations
for three methods of cultivation for 50 ha plantation

Eex [MJ]
I Il Il v \'
traditional 97200 | 208440 | 334800 | 172800 | 205200
simplified 70200 | 181440 | 307800 | 145800 | 81000
direct seeding 64800 | 176040 | 302400 | 140400 -

Summarized data presented in Table 1 indicate very large diversity of energy
demand of particular variants. At this moment it is difficult to establish
embodied energy, not only because of some ambiguities occurring in estimation,
but because this contribution should be evaluated for each type of machine and
other technical means used in operations. Such data are not available at this
stage of work. On the other hand one might consider that agro-technical
machines are usually long living, and consequently only small part of embodied
energy would require to be taken into account. Taking into account estimations
made by Borjesson [16] embodied energy strongly depends upon technical
development of producers of agro-technical production means (machinery,
fertilizers, herbicides or insecticides), and consequently evidently decreases
with time. Basing on the data presented in [16] this contribution may roughly be
estimated as total 25000 MJ/year for 50 ha plantation.

The other task is to determine amount of energy obtained from plantation.
This task requires some assumptions. Especially in rapeseed planting the plants
on the field are not direct energy source. They require further processing in
industrial part of the production system. Industrial subsystem contains several
steps, and also requires inputs of energy at each conversion step. Since yield
of the rapeseed grain from the plantation is known, and the final yield
of biodiesel related to the mass of grain is also known, it is assumed here that
final amount of energy that is obtained in form of biodiesel after industrial
treatment will be used as a reference (E,). Consequently it is taken that
the yield from 1 ha is 3Mg of grain, what gives 380 liters of biodiesel. Therefore
for 50 ha taken as an example it gives 150 Mg of grain and 19000 liters
of biodiesel. Taking into account caloric value of biodiesel, equal to 34,59 MJ/I
one obtains 657210 MJ energy from 50 ha of plantation. Values of the ratio
of the above amount of energy obtained from the field to the energy expended
during agro-technical operations is presented in Table 2. Those values, being the
first approximation of energetic efficiency (or EROEI) vary from two to more
than ten depending on chosen variants of tillage. Such result obviously indicate
the importance of the choice of production technology.
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Tab. 2. Ratio of energy obtained from plantation to energy expended in tillage operations
for three methods of cultivation for S0ha plantation

Ebio /Eex | | Ebio /Eex Il | Epio /Eex Il | Epio /Eex IV | Epig /Eex V
traditional 6,8 3,2 2 3,8 3,2
simplified 9,3 3,6 2,1 4,5 8,1
direct seeding 10,1 3,7 2,2 47 -

In the computations presented so far transport and embodied energy terms
(cf. eq. 1) have not been considered. Accepting rough estimation based upon
[16] one may correct the results presented in Table 2. Such corrected values are
presented in Table 3. As it was presumed, the values shown in Table 3 are lower
than those in Table 2. The decrease is of the order of magnitude about 10% to 25%.

Tab. 3. Ratio of energy obtained from plantation to energy expended in tillage operations
including rough estimation of embodied energy consumed by utilization
of production means for three methods of cultivation for S0ha plantation

Ebio /Eex,agr Ebio /Eexsagr Ebio /Eex,agr Ebio /Eex,agr Ebio /Eex,agr
| Il 1] v \'/
traditional 5,4 2,8 1,8 3,3 2,9
simplified 6,9 3,2 2 3,8 6,2
direct seeding 7,3 3,3 2 4 -

Concerning transport energy term, describing energy used for transport
outside of the fields, it is easy to compute for the specific cases, when distances
outside the fields are explicitly specified. It is difficult, however, if not impossi-
ble, to formulate a general rule that would give a relationship between field’s
areas and distances separating those fields. To overcome this problem,
and present some — possibly general solution — it is proposed to assume that
energy used for transport should not exceed some fraction of that part of energy
obtained which exceeds the total energy input into agro-technical operations.
Assuming that this fraction is 10% one obtains the total distance that could be
driven outside of the fields:
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Tab. 4. The total distance that can be driven outside of the field under assumption that the
consumed energy for transport is 10% of the energy gain above the input of energy
into agro-technical operations.

Do, | Diro,1 Il Diro,1 1 D1 IV Diro,1 V
[km] [km] [km] [km] [km]
traditional 4954 3924 2754 4254 3954
simplified 5204 4174 3004 4504 5104
direct seeding 5254 4224 3054 4554 -

The values shown in Table 4 seem to be quite large, but for better estimation
of their real meaning it is necessary to take into account some details
of the needs. The yield of rapeseed grains is about 3 Mg from hectare, this
means that from the plantation 50 ha, taken as an example, the total amount
of grains is 150 Mg. This Amount of grains can be transported by at least 50
trucks of 3 Mg capacity (the volume of 3 Mg of grains might exceed the volume
capacity of atruck). Consequently, the distance given in table 3 is the total
distance available for all those truck or for several courses made by smaller
number of trucks. Sum of distances that can separate fields and industrial
facilities for each of tillage variants (which assure that total distance driven by
required number of trucks, in eventually a number of courses would be equal to
those given in Table 4) is presented in Table 5.

Tab. 5. The total distance that can separate the fields and industrial facility under
assumption that the consumed energy for transport is 10 % of the energy gain above
the input of energy into agro-technical operations

Diroq1 | Diroq1 Il Diro,1 I Diroq1 IV Do, V

[km] [km] [km] [km] [km]
traditional 99,08 78,48 55,08 85,08 79,08
simplified 104,08 83,48 60,08 90,08 102,08
direct seeding | 105,08 84,48 61,08 91,08 -

It is seen that the plantation, in order to fulfill assumption assuring rational
possibility to sell energy obtained above the internal consumption, has to confine
activities to distances between 50 and 100 km.
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4. CONCLUSIONS

Basing on the model elaborated, and computations performed on the data
corresponding to real conditions occurring in agricultural production systems,
it can be concluded that in the case of biofuel production, the agro-technical
subsystem may assure efficiency (defined as a ratio of the sums of outputs to the
sum of inputs of energy) between 1,8 and 7,3. The observed diversity
of efficiency results of the choice of agricultural technology (methods of tillage
and that of cultivation, fertilizing, crop protecting etc.). From technical
viewpoint, and requirements of sustainability of the production processes it is
important to assure possibly high energetic efficiency in spite of the fact that due
to several economic methods of supports offered to producers financial profits
might appear independent upon this efficiency. Obviously governmental
institutions should also care about compatibility between economic
and energetic efficiency.

Another conclusion concerns the size of production systems including
agricultural and industrial subsystems. The size of plantations is determined by
demand from industrial facility. In the case of very big facility, and correspond-
dingly big demand for rapeseed grain, the distance for grain transportation, as
well as for transportation of production means between fields might easily
exceed rational distance, and drastically diminish the amount of fuel available
for consumption outside of production system.

Further development of the model, by constructing computer program that
could be used for analysis of particular case studies, especially prior to
investment, will be valuable tool for practical applications, valid for various
types of biomass plantations for energetic use.
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