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APPLICATION OF SEMANTIC TECHNOLOGY FOR CALCULATION OF WELDING TIME IN
THE DEVELOPMENT OF NEW PRODUCTS
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Preliminary communication
Determining the time of execution is very important in the early stages of each project (e.g. making offers, design phase etc.), especially in the stage of
planning. This paper presents our approach to estimating the welding time for the purposes of planning the manufacturing processes. The approach is
based on the knowledge of welding experts from the Nieros metal d.o.o. company and standards of welding (international and internal). An expert system
was developed based on semantic web technologies for calculating the welding time in the product design phase and it is strongly integrated with the main
ERP system of the Nieros metal d.o.o. company. Test results are presented at the end of this article.
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Primjena semanticke tehnologije za izraGun vremena zavarivanja u razvoju novih proizvoda

Prethodno priopéenje
Odredivanju vremena izvrSenja je vrlo vazno u ranim fazama svakog projekta (npr. ponude, dizajn faza, itd.), a posebno u fazi planiranja. Ovaj rad
predstavlja na§ pristup procjeni vremena zavarivanja u svrhu planiranja proizvodnog procesa. Pristup se temelji na znanju struénjaka za zavarivanje iz
drustva Nieros metala d.o.o. i na standardu za zavarivanje (medunarodni i unutarnji). Ekspertni sustav je razvijen na temelju semantickih tehnologija za
izraCunavanje vremena zavarivanja u fazi projektiranja proizvoda. Sistem je snazno integriran sa glavnim ERP sustavom drustva Nieros metala d.o.o.

Rezultati eksperimenta su prikazani na kraju ovog ¢lanka.

Kljucne rijeci: ekspertni sustav; ontologija, razvoj novih proizvoda, zavarivanje Celika

1 Introduction

Manufacturing production planning is one of the most
challenging tasks. Particularly challenging is the
production planning for new products. The success
(product performance) of most new products is
determined in the product development phase, therefore it
is very important to accurately design the product. Prior to
the implementation of our expert system, the end number
of welds on WPS document was usually unknown and
they were marked as "n". Supported by our expert system
the end number of welds can be determined only by
adding required parameters; required welds are also
visible on WPS document. Thus, the technological times
are easily determined and the production is much more
accurately planned.

The article focuses on a small segment of production
planning and calculating the welding time of two metal
sheets.

Primary purpose of this paper is to present the
technological solution for calculating the welding time as
the basic technological platform for developing of a
complete solution upgrade to a new product (i.e.
enterprise knowledge portal).

Great advantage of the proposed solutions is to invent
the know-how and give the possibility to use expert
knowledge through this software solution to all
employees in the company. As a result, the efforts of
human determining of welding time are reduced to
minimum. Moreover, the verifiability of the calculations
in such system is quite simple.

The innovation of our approach is most evident in
two segments. The first is the implementation of an
appropriate knowledge base for the purposes of
calculating the welding time with Semantic Web
technologies. This is the most significant method for

generating rules for calculating the welding time which
slightly deviates from the recommended welding
standards. The second one is adaptation of the standard
approach for calculating the welding time for production
planning.

Chapter 2 presents different approaches of using
expert systems in the manufacturing production planning
processes. Chapter 3 presents the proposed approach of
using expert systems for calculating the welding time
based on the Semantic Web Technologies. Chapter 4
presents the application of the proposed approach in a
Slovenian company Nieros metal d.o.o.. Further, user
perspective and architecture of the entire system is
presented. Chapter 5 describes the results of the
experiment using implemented expert system in the
Nieros metal d.o.0. company from the content point of
view. In addition, results from the experiment are also
presented. Chapter 6 concludes the paper with the
discussion of advantages and disadvantages of the
proposed approach, including further development of the
proposed method.

2 Background and related work

Expert systems were first developed in 1960s to deal
with complex problems in medicine. MYCIN and
DENDRAL were the first developed Expert Systems [1].
Later on, many expert systems were developed, primarily
for research purposes of medical diagnoses, electronics
and transportation management. Only few were
developed for the needs of production (e.g. welding).

New technological opportunities for the development
of expert systems emerged with the development of
internet. The use of expert systems gained a new meaning
in connection with Semantic Web and semantic
technologies [2][3][4][5]-
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At the same time, new theoretical classifications of
expert systems turned up: The Static / Dynamic and
Internet-based expert systems [3][4][6]. In the field of
welding and new product development, several expert
systems already exist:

Tsoukalas and others present the application of an
expert system for aluminium welding - WELDES. The
WELDES system is to be used as an industrial tool for the
identification, assessment, and correction of aluminium
welding defects. The system consists of two modules: The
Diagnostic Module and the Adviser Module [7].

Lin and Harding present MSE (manufacturing system
engineering) ontology model for supporting information
autonomy that allows the individual team member to keep
their own preferred languages or information models
rather than requiring them all to adopt standardized
terminology [8].

Chen and others present a unique mechanism for
integrating ontology-based product lifecycle knowledge
for effective integration of heterogeneous product
knowledge, distributed among different enterprises during
a product’s lifecycle, thereby facilitating sharing of this
product knowledge [9].

Panetto and others present their approach for
facilitating systems interoperability in a manufacturing
environment, based on the postulate that an ontological
model of a product may be considered as a facilitator for
interoperating all application software that share
information during the physical product lifecycle [10].

Baloh and others present the pilot knowledge portal
based on semantic web technologies for supporting a new
product development in Slovenian white goods company
Gorenje d.d. [11].

Urrea and others present their approach to
development of an expert system for the selection of
materials to be used in the construction of the main
structure of a crane-like device for transporting persons
with physical disabilities. The proposed method includes
a stage in which the theory of the characteristics of the
materials was used and another one that involves solely
computational development with the application of fuzzy
logic [12].

Janasekaran and others present their approach of
fuzzy logic-based prediction model for fracture force
using low-power fiber laser beam welding. They build an
intelligent fuzzy expert system model to predict the
fracture force of the joint at laser beam welding process.
The fuzzy expert system is based on the Mamdani
technique and is implemented in MATLAB R2009b [13].

The abovementioned approaches deal with similar
challenges, but cannot be used as a solution in our case.

3 Approach and methodology

Our method for calculating welding time consists of

five steps (Fig. 1) and uses the following data:

e Thickness of metal (thickness of material A,
thickness of material B)

* Type of weld (i.e. S-I; pipes are not supported)

* Length of weld

* Position of welding (value is determined by welding
experts of the Nieros metal d.o.0.)

* Technology of welding (only TIG technology is
supported at the moment).

Data input

Getting values from
decision tables

A.

Getting value for Getting value for Getting value for
welding position welding speed number of weld

A

Calculate welding
time

Figure 1 Process of calculating the welding time

In the first step, basic data adequacy is verified: the
thickness of the base material and the type of weld.
Second step acquired values from decision tables. Values
for welding position, welding speed and for number of
welds are parallel acquired from decision tables. The last
step puts it all together in a mathematical formula
described in chapter 3.2. The result is the welding time in
minutes.

3.1 Decision tables

Decision tables represent the core of our method.
They are based on thickness of material data (both for A
and B material) and are very similar to tables proposed by
the welding standards. The main difference between both
types of tables is the listed values. They are different and
determined by welding experts of the Nieros metal d.o.o.
and, most importantly, based on their experiences and
work process.

However, there are three basic decision tables
proposed by our method:

* Decision table for checking the type of weld (i.e. if it
is possible to weld metal with thickness X and Y with
"S-1" type of weld?)

»  Decision table for speed of welding

* Decision table for number of welds.

Each type of weld (i.e. the type of weld "with-I") has
its own set of decision tables for the calculation of
welding speed and the number of welds.

All decision tables are mapped to decision rules.
Decision rules have the following general form:

If A and B and C then D.

In the present case, decision tables are mapped to the
rules:

If A (thickness of metal sheet) and B (thickness of
metal sheet) and C (type of weld) then D (value).
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Table 1 Example of decision table for one type of weld

Type of weld (e.g. S-I)
Thickness of metal sheet of base material B
(mm)
1 2
Thickness of 08 0
0,8 11 11
metal sheet
1 11 9
of base
. 10 8
material
A (mm)
20

There are some other decision tables used for
generating the draft WPS (Welding Procedure
Specification) document. In our method for the
calculation of welding time, they are used indirectly:

*  Welding current

e Gas flow

e Diameter of the electrodes

*  Diameter of the nozzle

*  Diameter of the filler material
*  Qas

*  Voltages.

Some of them are generated using specific rules (left
column in Tabs. 2 + 5 presents a value of decision table
cell):

Table 2 Decision table of welding speed

Welding current (A) Welding speed (cm/min)
1+37 9
38 +70 8
71 +91 7
92 +130 6
131+ 180 5
181 + 300 4
Table 3 Decision table of the nozzle diameter
Diameter of the electrodes (mm) Value (mm)
1,6 4+6
2,4 68
3,2 8+10
Table 4 Diameter of filler material
Welding current (A) Diameter of filler material (mm)
1+34 1
35+42 1,2
43 + 66 1,6
67 90 2
91 + 140 2,4
141 + 300 3

Dynamic conversion to
Knowledge Base Rules

Decision Tables

Table 5 Diameter of the electrodes

Welding current (A) Diameter of the electrodes (mm)
1+70 1,6
71+150 24
151 =300 3,2

Type of gas: All values were set to "Ar 4.6".
Gas flow: All values were set to "6 + 8".
Voltages: All values were set to "12" V.

A formula for heat input for determining the
parameters limits in the calculation procedure is also
applied [14].

U600 L yem 1)
v 1000

o

Where: U — Voltage (V), I — Welding current (A), v —
Welding speed (cm/min), & — Efficiency of welding
process (k= 0,6 for TIG).

3.2 Calculating the welding time

The final calculation of the welding time is based on
mathematical formula with the following parameters [15]:
t — Welding time (result) (min), / — Length of weld (mm)
w — Number of welds (-), v — Welding speed (cm/min), p
— Welding position factor (-), P — Preparation time (min).

t_l-w-p
10-v

+ P min 2)

The result is the welding time in minutes.
3.3 Expert system model

The proposed method of calculating welding time is
based on the knowledge base that presents the knowledge
concept and uses two types of rules:

a) dynamic rules derived from decision making tables
that can vary in the course of operation of the system;

b) predefined static rules (i.e. a rule that defines the
formula to calculate the welding time).

Fig. 2 shows the data flow of the expert system.

Knowledge Base < Staticrules

Show data to Screen [« Reasoning

>
il

Figure 2 Expert System Model
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In the first step, decision tables are transformed to the
knowledge base rules form. At the next step, generated
rules are merged to the predefined (static) rules where
they become part of the knowledge base. Then follows the
reasoning and showing data to the user’s screen.

[ERO| Product data (title,

product code etc.) 1 -
[— { - Length of weld

;7/ - Position of welding
IZDELEK

o o I Type of weld

Iena iadslkastrof MAX P Nisros 2014, model 2014

Welding settings:
Thickness of material

NAREDI 1IZRACUN o 7o

Thickness of basematerial

1ZRAEUN EASA VARJENIA

00h 15min 22sek

gt iy Calculated welding time

Explanation of calculation

Figure 3 ESV - Expert System of Calculating Welding time
4  Practical application

Application of ESV (Expert System for Calculation
of Welding Time) is a pilot project for an advanced
implementation of the knowledge management system in
the field of welding executed in the Nieros metal d.o.o.
company. It also indicated further development of the
information system in the company. The ESV’s main
function is calculating the welding time that is accessible
to users in various ways. From the user's point of view,
the applications support three groups of users:

* Unknown user: providing user the ability to use
undeclared applications of an ESV for the purposes of
verifying the welding time calculations, such as for
learning.

[Rule_type_of weld:
(?x rdf:type sf:Steel)
(?x sf:is_welded_to ?y)
>
(?y sf:selected "true"~xs:boolean)]

[Rule_welding_position:
(?x rdf:type sf:Steel)
(?x sf:it_contains ?y)
>
(?y sf:selected "true"~xs:boolean)]

[Rule_selection:
(?x rdf:type sf:Steel)
(?x sf:thickness_A ?A)
(?x sf:thickness_B ?B)

*  Engineer (Fig. 3): using application that is integrated
with company’s ERP system. The ERP system will
redirect itself to a certain stage in the application that
calculates the welding time and produces the WPS
document.

*  Application administrator: System Administrator will
have the appropriate rights to edit code and review
application’s logs.

4.1 Ontology

An ontology describing the necessary knowledge for
the calculation of welding time represents the main part of
the expert system. It is implemented with the OWL
language, which is one of the languages for the
representation of knowledge with semantic technologies
[16][17]. Ontology contains the following entities (Fig.
4):

*  Metal: defining the material dimension,

*  Weld: defining type of weld for a specific welding
purpose,

*  Quality of material: defining the quality of metal,

»  The position of the welding: defining the position of
welder,

*  Properties of welding: defining properties of welding
(i.e. welding speed, gas, welding current, diameter of
filler material, diameter of welding nozzle, number of
welds etc.).

Rules for reasoning are also a part of the ontology.

There are two groups of rules:

» Static rules: defined in advance and set out to
knowledge worker. For example, rule defining the
relationships between the entities and rule defining
the formula for calculating the welding time.

* Dynamic rules: generated automatically, depending
on the input to the application and intended to display
ontologies with instances. They are generated from
decision tables.

Steel

IS_WELDED_TO
IT_CONTAINS

Type of wekl Quality of
material

5N has

N\

(?x sf:is_welded_to ?n) Welding Property of

(?n sf:has ?y) welding

(?y sf:thickness_A ?AH) o SAT s N 5A 15-A, i5-A.

(?y sf:thickness_B ?BH) / / l \\‘\‘
equal(?A, PAH) Consumable Speed of Number of Thickness of el il e S
equal(?B,?BH) electrode welding welds nozzle CLELD ermatena as
>

(?y sf:selected "true"Axs:boolean)]

Figure 4 Welding Ontology
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4.2 System architecture

The expert system implementation is based on
DotNetNuke CMS platform and uses C# .NET
programming language. There is an additional API

DotNetNuke Framework

g

Web Application

JenaNET implemented and included to the system for
working with ontologies and reasoning purposes [18].
Fig. 5 shows architecture of the whole system.

K——]

Figure 5 System architecture

The system architecture is a classical 3-tier,
implemented as DotNetNuke portal module. There is
presentation logic on the user interface layer containing
user controls and other logic for user interface. Business
logic with different operations classes (such as
calculations) is very important for correct operation of the
whole system and consequently, it is incorporated on the
second level. Expert System API (implementation of
proposed method) using Jena.NET library for operation is
included on the same level [18]. On the same level, we
also implemented integration with the ERP system of the
Nieros Metal d.o.o. company, using web service
technology. On the bottom, there is a data layer
containing relation databases of the portal, welding
ontology and files with semantic rules of welding
ontology.

4.3 Experiment

An experimental verification of the proposed method
was divided into two parts. The first one was a
comparison of the calculated times of welding with the
actual times achieved in production processes. In this
experiment, we used data calculations of past two years
(261 368 welding calculations) in combination with the
entire history of the calculations referred to in EPR
system of the company available. The application (ESV)
was redesigned in a way that it extracts all the information
necessary for the calculation of welding times from the
ERP system and saves results in the log.

The second part of the method was a comparison of
the calculated welding times with the welding times
determined by engineers at the design stage. In this
experiment, there were nine engineers (3 trainee
engineers, 4 engineers with experiences, 2 experts). For
the purposes of the experiment, we implemented the
calculation of welding times with the application,

although previous knowledge was not available. This
application was then integrated with the company’s ERP
system; calculations were performed in the background
during welding and the results were stored in the log.

Table 6 Example of log table

Material | Material Type Length Position Welding Calcul.ated
of of . welding
A B of weld . time .
weld welding time
0.8mm | 11 mm S 6000 1.5 23 min | 24 min 39
mm 05 sec sec
5 mm 6 mm S-X 9000 1 59 min |1 h 05 min
mm 26 sec 12 sec

The whole experiment was repeated using the values
in the decision tables that are defined in the welding
standards.

In this experiment, it was most important that the
calculated welding times are very close to the actual
welding times.

5 Results

In the first part of the experiment, 261 368
calculations and comparisons of the calculations were
conducted. A comparison of actual welding times and
proposed welding times, calculated by the expert system,
was carried out. For an exact result, a deviation from the
real result to 15 % was set. The results were as follows:

Table 7 Comparison real time vs. expert system

Shorter Correct Longer

22 % 74 % 4%

The results of the first part of experiment using the
value of the welding standard in decision tables are shown
in the table below.
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Table 8 Comparison real time vs. expert system using values of welding

standard
Shorter Correct Longer
29 % 52% 19 %

A graphical presentation of second part of experiment
is shown in Fig. 6.

No.
of records
250000

Real time and
200000 expert system
150000

Real time and
expert system
100000 using values of
welding standard

50000

22 74 4 % (shorter, correct, longer)

Figure 6 Graphical presentation of results of the first experiment
(Tab. 7 and Tab. 8)

No.
of records
800
700
600
e Design engineer
and expert
500 system
400
== Design engineer
300 and expert
system using
values of
welding
200 standard
100
0
38 43 19 % (shorter, correct, longer)

Figure 7 Graphical presentation of results of the second experiment
(Tab. 9 and Tab. 10)

The second part of the experiment was to compare
the welding time from the conceptual phase with welding
time determined by an expert (design engineer) and
welding time calculated by the expert system. 1689
calculations were performed. The results were as follows:

Table 9 Comparison design engineer vs. expert system
Shorter Correct Longer
38% 43% 19%

The results of the second part of the experiment using
the value of the welding standard in decision tables are
shown in the table below.

Table 10 Comparison design engineer vs. expert system using values of
welding standard
Shorter Correct Longer
43 % 36 % 21 %

A graphical representation of the second part of
experiment is shown in Fig. 7.

6 Discussion

The entire experiment focused on verifying the
proposed approach for calculation of welding times. The
experiment shows that welding times calculations are
very close to the actual welding times. Considering that,
the calculation of the time needed in the conceptual stage
of welding marginally deviates from the real welding
time. The percentage of success of our approach was very
high, 74 % (see Tab. 3). Less successful was the
calculation of welding time using the values from
decision tables from the welding process standard, but the
end result was still sufficient (see Tab. 4).

The second part of our experiment focused on the
comparison between design engineer and our expert
system. The results were as expected: the matching of
calculated welding times was very low (see Tab. 5 and
Tab. 6). The reason for this deviation is a huge difference
in the expertise of design engineers that greatly affects the
calculation of welding times.

However, the reason for better results of our proposed
approach is in the formula for calculating welding times
that also contains the preparation time (see Chapter 3.2).
Namely, the preparation time is specified in the Nieros
metal d.o.0.’s internal welding standard. Value of the
preparation times depends on the following parameters:

* Material (geometry of material, time of material
preparation)

*  Type of weld (welding passes, pipes, etc.)

«  Skills of welder (i.e. beginner, senior, etc.).

For every product in the design phase, the planning
expert specifies parameters in the ERP system.

The second reason for better results is the usage of
parameters from decision tables. Parameters and rules for
calculating are accommodated to the used technologies
and business processes in the Nieros metal d.o.o.
company.

From the technological point of view, the
implementation of the proposed approach with Semantic
Web technologies proved very useful. Any changes in the
logic are simply realizable and upgradeable to a larger
system (e.g. knowledge portal to support the new product
development).

It is our opinion that the disadvantage of the proposed
approach lies in its knowledge base, which entirely
depends on the knowledge worker. There is no support for
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automatic calculation of values in the decision tables and

there is no support for calculating welding times for pipes.
However, the main goals of the application and our

approach that were set and met are:

* proposing calculated welding times for planning
purposes;

» generating draft WPS document (not a final
document);

e performing a pilot project for gathering expert
knowledge (particularly for IT technology and
organization used in developing further expert
systems).

7 Conclusion

In this paper, we introduced our approach for
calculation of welding times using Semantic Web
technologies. The approach was performed and analysed
for the specific case of calculating welding times in the
Nieros Metal d.o.0. Company. The results of experiment
described in this paper show the good performance of our
approach, but also some limits and disadvantages.

In the future work we will address the limits of the
proposed approach:

* support to e-learning for new welding engineers

(knowledge base);

* support to recalculating decision tables values;

* knowledge extraction for welding knowledge
base from web and from the company’s internal
documents (standards);

* upgrading the whole expert system to knowledge
portal for product development.
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