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Abstract

The paper presents the issue of production prosessprovement in foundries in the area of finishitrgatment of iron casts
manufactured on automated foundry lines with vattior horizontal mould division. Due to numeroustéeis which influence
the efficiency of the processes, multi-criteriorsessment tools were proposed in order to selecophienal solution for the assumed
criteria. After determining the criteria weight ngithe Saaty method, a simulation experiment wasgded and carried out which
presents possible scenarios of casts finishingnea operations. Basing on experiment reports feomomputer model, particular
solutions were evaluated using the Yager's metfda evaluation of the experiment results was peréal by experts who assessed
different options according to each of the criteripted. After the establishment of the total daéadized ratings by averaging the scores
given by individual experts, the final decision wgenerated. Using the presented method, the bkgtosowas chosen from among
the analyzed scenarios.

Keywords: Application of information technology to the fouwdindustry, Automation and robotics in foundry, Nhgeriterion
assessment of variants, Modelling and simulatioprofiuction processes

1. Introduction e deterministic (specified values, such as the number
of pieces, efficiency, cost, cycle time),

e probabilistic (random variables represented
by probability distributions such as reliability dffie
machines, breakdown times, etc.,

e fuzzy (subjective variables such as ergonomicse eas
of use).

In situations when we do not have objective values
of the characteristics related to the analyzed temluvariants,
we can apply a simulation experiment and multiecidin
evaluation tools. A computer model allows to analysrious
decision situations which influence the course dsts
manufacturing processes without the need of exmeriimg
in production conditions. One of major problemspiroduction
management is also skilful manufacturing costs neston
and control [4-7].

Processes of iron casts manufacture belong to thet m
complex ones in the industry. Their optimizatiordifficult due
to numerous factors influencing their course anthhee of many
criteria that must be taken into account in thegessment.

Criteria are the basis for assessment in the pusSuptimal
choice, they clarify the description of the probleand form
a factor that orientates activities towards rati@ation of
production systems.

In the classical methods of evaluation we can rdistish
guantitative criteria (e.g. number of castings picat, cost of
a workplace, turnaround time), and the criteriaaofualitative
nature (e.g. less important, important, very imaofx [1-3].

Considering the nature of information data, w castiijuish
the following criteria:
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2. Research object, aim
and methodology

The presented research object is a system of manuifey
iron casts. The aim of the research is to improvedpction
systems in foundries in the area of clearing anusling
treatment of casts produced in automated foundgsli

For analyzing possible solutions of manufacturimgcpsses
improvement the technique of modelling and simalati
of production systems was applied (Fig. 1). Fromogn the
planned and conducted simulation experiments th@rgp were
eliminated which do not fall within the set of féade solutions
due to the accepted limits (untimely execution bé torder,
too high costs, etc.) [8-10].

Design and conduct experiments on a computer stioola
model: d...

dn
-------------

Determine the set of acceptable solutions

-------------

' |
Planning changes in casts manufacturing systermn

NO

Does the solution
fitinto the set of acceptable
solutions ?

YES

Creating a criteria importance matrix using thetgaaethod

Creating a collective criteria importance matrix
and determining weights of the criteria

Evaluation of particular variants in view of theogded criterig

Bringing point ratings into normalized values

Creating collective normalized ratings
by averaging the evaluations of particular experts

Preparing normalized decisions
taking into consideration the criteria weights

Evaluation of solutions based on accepted crit&fiak,,

&
o
@D

Creating the optimal decision and chosing the belsition

NO

Are the results satisfactory ?

YES

The implementation resultg

Fig. 1. Multi-criterion evaluation of variants bagi
on a simulation experiment

Due to the need to consider a higher number aéreaitwhen
valuating particular variants of the course of theduction
process, the Yager’s point ranking method was aegglig. 2).

The input data of this method include [11-13]:

. number of criterian,

* number of variants of the -th production processree
n,

« elements of the importance matrix of particulatecia
B=[hy],

+ elements of the arrag=[cj(e)], which are normed
rankings of i-th variant according jeh criterion, given
by e -th expert.

Applying the project results in the real system

Fig. 2. Multi-criterion valuation of variants accimg to Yager's
method

To assess the validity of the criteria and evaltia¢edifferent
options, some decision-makers were establishedh Edcthe
decision-makers is responsible for the constructibra matrix
of criteria validity ratings using the Saaty methad order
to compare criteria in pairs. Particular valligof the composed
matrix have been assumed as follows [14]:

* b= 1 if k andk; are equally important,

* b= 3, if k is slightly more important thag,

e b= 5, if k is much more important thag

e b= 7, if k is significantly more important thag
e by=09, if k is definitely more important thak,

* b= 2 4,6, 8- intermediate values between the above

situations,
. bji = :Ub”
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Subsequently, one collective matrix of criteria orance
was created. For this common matrix an eigenvextisr looked
for, which satisfies the following matrix equation:

BY =tmaxY (1)

where: B—the collective criteriaimportance math — eigenvector
of the matrix Ay,ox— maximum eigenvalue of the matrix B.

The eigenvector Y has as many coordinates as atlopte

criteria, and these coordinates must satisfy th#oviing
condition:

>y =m )
j=1
where.y; is thej-th coordinate of the eigenvector Y.

The coordinates of the eigenvector, called weighiqress
the importance of the corresponding criteria. Usthg Power
method the eigenvalue and the corresponding eigémve
are determined. Thereafter, point ratings are Uibug;(e)
to normed values;(€).

It is assumed thagj(e) (i=1.....n, j=1,..,m) are point ratings
assigned to particular variants of the productioacpss course
in view of the assumed criteria given by e-th ekper

The next stage of the Yager's method consists @atorg
overall ratings normalized by averaging the scogisen
by individual expertsg— number of experts).

P

G :ipzc.j (e) ®)

e=1

Further proceeding is to create standardized detssi

by raising components of following normalized rgsn to
the power of proper weight.
d =2 ¢"w

= 4)

After transcribing, formula 4 takes on the follogiform:

dlzc.l.yi/W1+C§11/W2+"'+C|¥11/Wn
=V Y: Y
d,=cs /w,+cy/ w,+...+Cl% /T w,

d,=cr/w+cm /w,+...+cin fw, )

m

As a result, one so called optimal decision is aken the
basis of which a rational production process coigsghosen that
best meets all of the criteria adopted for evaturati

D=D,+D,+..+D, (6)

In the adopted method, the optimal decision isrtii@mum
type decision. The i-th component of the optimuncisien,
corresponding to the i-th variant is assumed tthkesmallest i-th
component from particular decisiods ds,...,dq.
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The best variant of the production process is &mgrwhich
corresponds to the largest component in the optindegision,
which is the highest value of the degree of beloggi

Drac = m_ax Di (8)

3. Description of the obtained results

The method of multi-criterion variants evaluatiaegented in
point 2 above was adopted for assessing variardasi$ finishing
treatment processes. Assessment criteria inclustéhaged costs
of treatment operations, delivery time and ergomsnaif a work
position.

First, the importance of particular criteria wasenated using
the Saaty method and the eigenvector of the matvas
determined (Fig. 3). Figure 4 presents point ratiofthe assessed
variants according to each criterion.

Expert 1 Expert 2 Expert 3

k1 | k2 | k3 kL | k2 | k3 ki | k2 | k3
K| 1] 2| 4 ki 1] 3] 5 Ki| 1] 4|5
k|o5] 1| 2 k2 [033] 1 | 1 k2 [025] 1 | 2
k3 [025] 05| 1 k3 (02| 1| 1 k3 [02]05]| 1

Cumulative matrix validity of the criteria B

ki | k2 | k3
ki | 1 |[3000 5 1,9354
Y = 0,6601

k2 10333 1 |1667
0,4045

k3 |0,214{0,600 1

Fig. 3. Criteria importance evaluation - the Saagthud

Variants
Criterion| Expert Sj(e)
Vi Va2 V3 Vg Vs

E; 4 3 3 4 3 17

k1 E2 1 2 4 5 2 14
Es 2 4 4 4 4 18

E 3 2 4 7 5 21

ko E; 1 3 5 8 6 23
Es 3 4 6 3 5 21

B 5 3 5 8 4 25

ks Ex 2 4 4 6 3 19
Es 2 3 4 2 2 13

Fig. 4. Point rating of variants according to tisswamed criteria

The criteria included costs of production treatraezgtimated
basing on a company accounting sheet, lead timgsaafuction
orders and work ergonomics.

Subsequently, results of creating normed decisabitained
by raising components of following normalized rg8n
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to the power of proper weighivere summarized the table

in Figure 5.

Variants
Criterion
Vi V, V3 Vs Vs
ky 0,0220( 0,0364 0,05730,080: | 0,0364
ko 0,2326( 0,2713 0,38040,426: | 0,3960
ka 0,4680( 0,5076 0,560p0,582¢ | 0,4732

Fig. 5.Creating normalized decisio

As a result of the presented proceedirigs, most favorab
variant was chosen from amornbe analyzed optio, which
turned out to be the solution numbered withFdg (6).

N
v V.
V; 4
1
V), Vs
Variants Vi V2 V3 V4 Vs
min 0,0220 0,0364 0,05730,0802 0,036¢4

Fig. 6.Creating the optimal decision and ranking of vasi

4. Conclusions

Thanks to applying modelling and simuon of production
systems it ispossible to check different scena of solutions
related to finishing treatment of iron caskse experiment resul
do not, however, present amnequivocal answer whic
of the simulated variants is optimallThe results allow fo
estimating execution times of production ordand their cost
on the basis of company accounting shéassumin¢ a suitable
workflow diagram on a positiowe can determine its ergonom
in a point scale.

Applying a multi-critegion assessment according to Ya
makes it possible to select a ratiomalurse of the productic

process easily and efficientlithanks to impoance assessment

of particular criteria and considering their weghn further
proceedings it will be posdib to evaluate particular \iants
of the process an@dink them from the best to the worst ¢
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