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| want to introducenyselfto You.

O

| amNikolay Tonchevfrom Bulgaria
| am a MechanicalEngineeri a Professonn Material
ScienceandMaterialsTechnology
My mainspecialtyis plasticdeformationbut for more
than 20 yearsl havebeendealingwith the problemsof
modelingandoptimizationof technologicaprocesses
All of my researchs onthe ResearchGate




https://www.researchgate.net/profile/N_Tontchev
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Introduction &

Nikolay Tontchev received his MSc in Technology of Materials from the Technical University of
Sofiain 1985 and PhD on Processes Deformation in Sheet Metals from the Technical University
of Sofia in 19971, He habilitated as a Professor in Material Science and Technology in 1997,
Currently, he is with the Transport University of Sofia, Department of Materials Science.

Skills and expertise (46) &

(M aterial Characterizatio n} (Maierials) (Mec:hanical Pro perties)

(Mechanical Behavior of Materials)

83 10,033 74 View stats overview

Research items Reads @ Citations View weekly report




O

After my doctoral dissertationin various collectives| have
developednorethan80 papers.

On this pagethere can be found my scientific and applied
contributions,someof my achievementshat! haveworkedon
with colleagues

They havealwaysbeen related to a complexof properties,
as we apply multicriteria optimization to solve practical
problems.
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Projects - Approach for metallurgical design
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Theteaml managevorksin two directions

New algorithmsto examinethe complexof properties
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Oneof our algorithmsfor evatuatingpropertiesusesAHP. We
havechosema strategywherebywe reducethe multicriteria task

to onecriterion
TheAHP methodintroduceghecriteriaweights

Then, a generalized matrix / array is constructeawith each
weightandeachcriterion

The genetic algorithm determinesthe optimal value of the
arrayandthe correspondingnput parameters

Thealgorithmis adaptedo useneuralmodels



Architecture of the model

m, <
7
/
’
]

i AHP method
Approximation Multicriteria
MLE, estimate
i.: . % T H Weights

W= 1o )

=
5
f
<

T
4
=
=

Neural models Genetic
Genetic algorlthm
algorithm

|

W

Optimal
solution
Z'(X)




The used model combines three basic components:

Approximation  of dependencies between physice
mechanical characteristics of the alloys and their
chemical composition with neural models;

Multicriteria assessment of the constructive
preferences of the physico-mechanical properties of the
alloys;

Multicriteria optimization of the chemical
composition of the alloy respective to the defined
constructive preferences.
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Robust bi-criteria approach to optimize the composition and
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We apply the Taguchi methodfor determining
guality in mechanicakéngineering

44




Taguchi’s Quality
Engineering Handbook

Genichi Taguchi
Subir Chowdhury
Yuin Wu

Associate Editors
Shin Taguchi and Hiroshi Yano

Our guidein thisdirectionis Taguchi'famousbook

Applying the approachthat | am going to introduceto You
today,therearemanycommonfeatureswith Taguchi'sapproach

Theexperiencd will giveto Your colleagueswvill be sufficient
andtheywill beeasyto carryoutthiskind of tasks
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Effective solutions and
Technological variants

Numerical approaches to identification of effective
solutions
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My second dissertation was related to the optimization of the chemical
composition of steels in the heia¢ated staté hardening and high
temperature recovery.

Thisresearchwas published in Germany as my monograph.

The theoretical explorations were investigations were confirmed in practic

e.




In this monograph, most of my modern
computational methods are found.

The theoretical algorithms and programs for one
kind of alloy can easily be re-edited for another.

My explorations are on titanium and magnesium
alloys only theoretical.

| have no base where | can perform the experiments



This lecture contains

1 Introduction
2 Most of the solved examples with my

approach
3 Steps In solving problems using the

approach
4 Key featuresof theapproach
5 Conclusions)




Introduction

O

Problemsof M aterial Scienceare complex

There Is a convergence between Informatics/Computer
Scienceand[ at e Bcierzcée

Methods created by Informatics/Computer Science are
successfullyapplied for solving Material Scienceproblems.

On this basis, the approach that | will tell You today is
developed




Introduction

Modern designof technologic@processesusesthe experiment
only to verify the result of an optimal numerical simulation.

The implementation of the simulation is based on a well-
exploredtheory,

The researchis basedon a real, reliable experiment

For this reason,the deviations of the theoretical results from
the real [ones]are within the statistical error.

Therefore, | trust this method becauseit uses reliable
experimental data.




Introduction

O

The approach is suitable for collecting a
complete base with respect to the input
parameters, in which they change in a
certain range.

For each combination of Input
parameters, one or more guantities are
controlled.




My research partners that | will introduce to

Youaéere:

fBulgarian Academy of Sciencesi Institute of
Metals Science

{Technical University of Sofia
fMilitary University of Veliko Tarnovo

{Technical University of Rousse




The experiments on all the research that | will report
today have beenconducted@arious doctoral dissertations

After the finish of the dissertations, each of the authors
himself considered it necessaryto apply a multi-criteria

approach to determine optimal regimes or the optimal
composition

Thate why You will know if | can not answer some
technical details about the processeshemselves




Introduction

O

The main problemsin Material Scienceare two:

Selection of material or processing mode for given
performance properties a problem known asa reversetask;

What anything can be usedfor specificmaterial with specific
processing - a problem known asa straightforward task

As | speakto specialistsdealing with foundry problems, |
chosethe first problem to be casting




The subject or materials science with a Tocus on optimization ar
decision making
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First application of the normal problem with an example from
the domain of casting

O

Specific Innovative
Complex of properties ) solution
properties

Normal
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Second groufnput parameters the
processing mode




BULGARIAN ACADEMY OF SCIENCES

INSTITUTE OF METAL SCIENCE, EQUIPMENT AND TECHNOLOGIES
WITH HYDRO- AND AERODYNAMICS CENTRE “ACAD. A. BALEVSKI"
http://ims.bas.bg/projects/?lang=en

The department disposes of specialized machines for gas counter-pressure casting,
presses for direct and indirect squeeze casting, machines high pressure casting, die-
casting machines, furnaces for precise heat treatment of aluminum alloy castings,
apparatuses and equipment for technological processes control.




In my casting problem, my research partner was the Institute
of Metal Science at the Bulgarian Academy of Sciences.

- There are 12 departments In this Institute

- You can get information  about him from its site .
http://ims.bas.bg

| can assist You in all matters with this Institute.

- The equipment we used was at the Institute.

- It Is a gas counter -casting machine .



http://ims.bas.bg/

The aim of the present study isto apply an approach to
study the influence of technological factors on the
process of casting of aluminum counterbalancing

alloys as a way of managing their quality. For the quality
Indicator, the DAS microstructure parameter Is selected. It
represents the distance between the axes of the secondary
branches of the dendrites. The parameters of the
technological process are controlled in six different volume
and location sections. In Fig. 1. Schematic representation of
the DAS longitudinal distance. In summary, the minimum
values of this parameter are associated with better
mechanical properties.
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Example # I Research of the impact of the casting technology
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Casting conditions of the tested castings

@,

Technological Parameter of the technological process
parameters mix Temperature of the Time of casting[s] Time between two Counterpressure

liquid metal [°C] cycles[s] [atm]
X X, X, X,
760 20 60 3.0
760 10 60 3.0
760 20 60 45
750 20 60 15
750 20 120 15
E 760 10 60 45
730 15 60 3.0
R 730 10 60 3.0
ER 730 20 120 3.0
730 20 60 3.0
700 10 60 45
750 30 120 4.5
750 30 60 15
750 30 180 4.5
730 30 60 45
730 8 60 4.5
700 30 120 4.5

700 10 60 4.5




The task of the study Is to determine the combination

of these process parameters providing the minimum

DAS parameter values in the six monitored sections.

The task thus defined consists in using an interdisciplinary
scientific apparatus to solve a problem in order to provide an
optimal practical solution. | %

| ‘*_ _f
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DAST values in the examined sections of the casting under vario
conditionsO m
Technological - Section #
parameters mix 2 3 4 5 6
22.2 20.8 28.6 37.4 216
20.2 210 33.9 36.0 164
217 225 30.0 35.3 23.0
20.1 20.3 30.0 34.9 18.6
20.0 197 28.6 35.3 198
27.0 214 311 35.3 197
20.6 20.8 354 48.2 170
23.7 22.8 33.3 48.3 22.1
22.1 24.2 39.7 49.5 22.2
20.9 23.2 33.5 48.6 185
23.1 211 310 44.6 189
20.8 23.7 43.9 46.8 23.9
20.1 22.0 34.8 49.9 192
19.8 22.0 35.3 41.3 191
217 212 36.5 417 193
20.6 20.3 44.0 44.1 20.9
20.3 218 34.7 37.7 20.2
204 231 34.1 44.3 20.1




Coefficients of
the model

Constant term
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microstructure parameter ®S O m

Structure and coefficients of the models describing the

7\
Section #
DAS1 DAS 2 DAS 3 DAS 4 DASS5 DAS6
19.5582 22.0567 23.091 37.9139 46.5593 23.6491
0.356308 1.23755 -2.12825  -4.15633 -2.26274 -4.08097
-0.290225 -1.66823 -1.42193 0.383592 1.60002 -4.76152
-0.244653 0.906765 1.81377 3.2997 -0.837003 5.42704
0.134641 1.28753 0.562928 2.53965 -0.298139 1.62379
-0.152746 -0.51943 -0.320588 -5.685 -6.48292 -0.659495
- -1.31919 2.44311 3.70217 - 5.57892
0.93663 0.290839 -2.95006 -6.24946 - -7.70494
-3.25524 -0.139661 - - 3.51607 -
- -1.7358 -0.734869 1.06929 - -3.01978
- -0.720503 0.687629 -0.205658 - 1.43967
-0.897094 - - - -0.108979 -
- - - - -4.73788 -
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Here Das values are arranged with different colors depending on the four technological parameters. Each panel visvalliessdDas
6,561 combinations of the technological factors.
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Having Das values in the six sections, the system determines which initial conditions lead to the minimal DAS simultanieessty
sections.




Optimal technological modes of casting and values of DAS
along the sections for the optimal solutions

O)

Temperature Time of Time between Counterpressure
metal cycles
8 60 1.5

T soluon 3 |
760 30 180 1.5

DAS1 15 15.8

DAS2 19.9 18.9
DAS3 20.1 18.5

DAS4 25.2 27.9
DAS5 36 37.5
DASG6 17.1 11.3

the final experimentation.



These are the data that is needed wutput
the models

An experiment is conducted with the machine to
collect the necessary data.

Data from the factory worksheets can be used as
Initial/primary raw information.

They give the relationship between controlling and
controlled quantities.

A mode of analysis is selected for contour lines at a
constant level.

In this way, the connection between Input and
output quantities Is very easy.

Thisisdone by fixing/ detecting the coordinates.



MADMML Principle of Multi -Parameter Visualization

MADMML E usesits modification of a contour diagram becauseits three-measurement
visualization is independentof the diagram rotation alongits vertical axis.

hi hi hi Y Y

All three-surface diagrams shown above present the contour diagram information seenunder
different angles The connectionbetweenthe value of the quantity examinedand the addressof

the control parametersis difficult and not exactto be indicated (by the three-surface diagrams).




Through a certain step of the Input Parameters, the
program has calculated all the values of the test parameter.

Thesevalues are then colored in a user-defined manner.

The user, through different moving planes, cuts the
responsesurface.

The planes move along the ordinate axis and the range
betweenthem is colored in a certain color.

This color is projected onto the appropriate square of the
domain

Thus, the user analyzesthe areaand setsthe maximal and
minim al values.



Single-criteria analysis with movable

limits

Determining parameters characterized by
nearvaluesin the spaceexaminedwith the
movemenf inic u t tvaluesuptowardsthe
maximum

Y[] 0. 60 %
Y[2] 60.. 70 %
Y[3] 70.. 80 %
Y[4] 80.. 90 %

Y{5}--90

Y[] 0. 80 %
Y[2] 80. 85 %
Y[3] 85.. 90 %
Y[4] 90.. 95 %
Y[5]-95+:100-%

Y] 0. 8 %
Y[2] 85. 90 %
Y[3] 90. 95 %
Y4 95. 99 %
Y[5}99-0reek00.%

-1 0% 0 05 1

Y[] 0. 92 %

Y[2] 92.. 94 %

Y[3] 94.. 96 %

Y[4] 96.. 98 %

Y{5]98+200-%




When defining these values, the software
automatically specifies their coordinates.

Here are the steps to reach the maxinal values.

This Is an image of a two-parameter model in which
X,and X, are altered horizontally and vertically from
their initial to final values.

Here is a similar case when looking for minim al
values.

Eighty-one 9 are the same.



Single-criteria analysis with movable

limits
Determiningparametergharacterizedy near

values in the space examined with the
movementof A ¢ u t waluasdown towards

1 05 0 05 1 theminimum

Y[] 0. 5 % Y[] 0. 30 %

Y[2] 5. 10 % Y[2] 30.. 40 %

Y[3] 10.. 15

Y[4] 15.. 20



MADMML Presentation eng.ppt#3. No Slide Title

This Is the basictechnique of the analysis, which we will later
use not only in the analysis but alsoin the multicriteria
optimization .

You saw a parameter analysis with 4 parameters

We have an idea to develop this method up to 10 parameters.
By now, we only produce models of this magnitude.

For them, we have a schemeto analyzethem with MathCAD .

If | am assigned/ comissioned during my forthcoming
course here, | can passon my experienceto Your PhD
students with the programs | @e come up with .



Multicriteria Aid for Decision Making
by Movable Limits

MADM [ L

Let talk by data using the
variety of colors




The following two slidesfeature the product.

The analysisof the explored dimensionis related
to its visualization.




Multicriteria Aid for Decision Making by Movable
Limits -MAD[ ML

The offer presentecdemonstratethe advantagesand
possibilitiesof a specializedsoftware product for multi-
criteria and multi-parameteraid with making decisions
basedon the methodof movablelimitations. This method
has been considerably applied with developing a
number of technology processesin the machine
manufacturing production in order to determine the
combinations of control factors satisfying the
requirements given beforehand by a decision maker
(DM).




MADJ[ ML Application Domain

MADML presents an immediate (‘nallloc O
decisiormaking procedure,which reducesthe admissible
set to reach trade-off solutions Since the experimental
approachdoesnot use information about the mechanism
of the running phenomena, MADMML is a universal
systemto analyzemulti factory spacesOne and the same
methods of processing the values experimentally
determinedare possibleto be applied to a lot of various
objects chemical metallurgical; biotechnologica;
ecological.etc



Whenviewing many parametersfor example,4, two
of thevariablesarefixed.

Thesevariableschangeglobally in the domain, and
the othertwo in eachlocal quadrant

This Image Is an ordered arrangement of
combination®f the input factors

The value of the sampleis [codedby] the appropriate
color.



Disadvantages of Software Available for Mularameter Visualization

/// T | x -1
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|f parameter m; changesalong the ordinate and

m, changesalong the abscissathe disadvantages
of the software available consistof:

A considerable number of drawing contour
diagramwith parameteraa, andm, fixed;

Athe accuracy of the analysis dependson the
discretizatiomralongparameters$ixed;

Ahe drawing contour diagrams of the quantity
4 05 0 085 1 | examinedare not arrangedone towards another

— (Xs’ X4) accordingto theirvalues




O

This arrangement in a certain senseis a layout of
diagramswith lines at a constantlevel.

They are arranged Iin the same way as the
coordinate systemis oriented.

From the beginning of the coordinate system,the
starting valuesare changedto X; and X, by a certain
step.




Disadvantages of Software Available for Mullarameter Visualization

a=0.4325 @-1.196 a=2.15432
a,=-0.008248 3=-0.259  a=1.01693
a,=-0.228915 g= 2.9977 @a=-1.95535
a,= 0.033695 & 0.15847 a,=-0.944752
as= 0.003165 g=0.61596 a=0.744787

X,=0 X,=0.5 X,=1

To prove the statementpresentedabove the following example
can be given. If discretization is chosenalong m; with points
[-1, -0.5, 0, 0.5, 1] with X,=-1 fixed and it is acceptedthat m,
changesalong the ordinate and m, changesalong the abscissa
then:

Aa considerablewumberof diagrampatternscan be watchedwith
parametem, fixed;

Athe accuracyof the analysisdependon the very discretizatiorof
the parametefixed;

Athe contourdiagramsof quantity Y examined are not arranged
onetowardsanotheraccordingo theirvalues

Y (X1, Xop X3, Xg)=84+85.X,H85. X1 8, Xg+85. X, H86.X,2+85. X, . Xy H8g. X XgH8g. X, X+




O

On this slide, the contour diagrams are displayed on
changing X; and X, and X, and fixed X..

This way, You representthe 5D /4 + 1/ space

In summary, the following can be stated




Disadvantages of Software Available for MulBarameter Visualization

1

s -E—é{ i N A It is necessary to examine 25
ANTSAT 1IN\ SR A v contour diagrams like the onespointed to the
S apus | IS - left where m; and m, vary in order to orient
the DecisionMaker in the discretization given
along m;, m,, Mg and m, with a set of discrete
points [-1, -0.5, 0, 0.5, 1].

In that case there is only one
problem and it concernsthe contour diagrams
which are not arranged onetowards another.

a,=0.4325 g-1.196 g=2.15432
: a,=-0.008248 a=-0.259  a~= 1.01693
e Y a;=-0.228915 g 2.9977 a=-1.95535
\\\\ A a,= 0.033695 g 0.15847 g=-0.944752

Mo L | a:= 0.003165 g= 0.61596 a= 0.744787

-1 05 0 05 1 -1 05 0 05 1

Y

Y (X1, Xy Xgy Xg)=8y+85. X, H85. X5+8. XgH85. X485 X 2H87. X Xyt 8g. X XgH8g. X1 . X+
2 2 2




MADMML Principle of Multi -Parameter Visualization

STEP I
-Representation of the area where multparameter visualization will be carried out




MADMML Principle of Multi -Parameter Visualization

STEP it

- discretisation of the field in relation to parameter X, with given limitations and a step of change

—




MADMML E Principle of Multi -Parameter Visualization

STEP 1N
- discretisation of the field in relation to parameter X, with given limitations and a step of change
aswell asformation of forming an instrument to keepup with the changesof X; and X..




MADMML Principle of Multi -Parameter Visualization

STEP I¥W
- discretisation of the fieldin relation to parameter X; with given limitations and a step of change




MADMML E Principle of Multi -Parameter Visualization

STEP V

-discretisation of the field in relation to parameter X, with given limitations and a step of
change as well as input of a global address determining system according to all variables
necessanyfor visualization of the parameter model.




O

This is the entire domain in which all the variables are
changedin thecased.

In this spacesamplingis performedon X, X,, X5 andX,.

In the domain, a zoom tool i1Is embeddedwhich includesa
local diagram

It hasfixed X; andX..




MADMML Principle of Multi -Parameter Visualization

M@"ML instruments of

parameter space analysis

The process of multifactor analysis is realized throughMADIMNAL instruments in the spaces
of parameters. With the indicated discretisation, 9=6561conbination among the indicated
four variables are simultaneously analyzed




O

This magnifier is projected to the right, where is the
marker that determinesthe coordinatesof the input factors
and the value of the magnitude being examined

The marker is embeddedin the big zoom
It is displayedwhen global parametersare fixed.

The tag takes into account all the parameters and the
researchquantity.




Heras the analysis shown on the next three slides

O

For the regressionmodel, thesecoefficientsare quoted/in
green/all valuesof the studied quantity above90%.

As impressed, the maximal values are in two opposite
regionsof the area

Thesetwo oppositeregions are characterized by different
energyand material resourcesof the input factors.

We make a compromisewith the value of the magnitude
we investigate and we choosethat value that is most

useful.




Single-criteria analysis with movable
limigs |
The method helps In
determining the direction of
searching The zonescolored
In greenshowareaswherethe
values of the quantity
examinedareover90%

a,=0.4325 @-1.196  a,=2.15432
a,=-0.008248 a=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977  a,,=-1.95535
a,= 0.033695 a 0.15847 a,,=-0.944752
a:= 0.003165 a=0.61596 a,= 0.744787

Y[1] 0. 90 %

Y[2] 90.. 100 %

Y (X1, Xoy X3, Xg)=84+85.X,H85. X,+8,. X585 X 85 X, 287X, X+ 8g. X1 . XgH8g. X Xy F
+a 0. X218y 4. X5 XgH8y 5. X5 Xy 8 2. X748, 4. X5. X4+ £.X 2
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The movement analysis via the moving
planesdeterminesthe maximal values of
the explored quantity




Single-criteria analysis with movable
limits

Localizing the area and

determining certain solutions

Representingthe solutions by
appropriatecontourdiagrams

Y[1] between 0 .. 96 %
Y[2] between 96 .. 97 %
i Y[3] between 97 .. 98 %
IR Y[4] between 98 .. 99 %
Y[5] between 99 .. 100 %

<115



MADMML Presentation eng.ppt#3. No Slide Title

All the valuesof the test parametes correspondingo a
preciselydefined percentagenterval can be determined
In the spaceof thetechnologicaparameters

Thisis donehere

All combinationsof input parametersare markedgreen,
with thetestparametebeingbetweer80-81%.

Thisintervalmaynarrowor expand

Through this example,it is also possibleto searchfor
energyvalues



Single-criteria analysis with movable

limits

parameter

a,= 0.4325

Determiningthe stateswherethe quality

contains

g-1.196
a,=-0.008248 &=-0.259
a,=-0.228915 g 2.9977
a,= 0.033695 & 0.15847
a:= 0.003165 @~ 0.61596 a,.= 0.744787

an  exactly
determined value The value of the
guantityexaminedn all areascoloredin
green are within the interval betweern
80% and81%.

Y[1]
Y[2]
Y[3]

0(.] 80| %
80|..| 81| %
81|..[100| %

Y (X1, Xop X3, Xg)=84+85. X85 X,18, Xg+85. X, 86X, 285X, . X+ 8g. X, XgH8g. X1 X+
2 2 2

a,,= 2.15432
a,,= 1.01693
a,,=-1.95535
a,,=-0.944752




The approach so defined is dynamically illustrated by the
Compass Device of MADMML

Following is the visualization of the samemodel
In 11 steps in the motion of the planes from the
minimum to the maximum

The movablelimits possibilitieswith the analysis
only of one of the criteria Is revealed by a number of
slidesfollowing below.
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Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2
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a,=04325 @-1.196  a,=2.15432
a,=-0.008248 &=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977  a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 a=0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
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a,=04325 @-1.196  a,=2.15432
a,=-0.008248 &=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977  a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 a=0.61596 a,.= 0.744787
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Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
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O

By ayuew
Bvi2] @y ee%
BY[3] &y ek %
Byis)] )y me %
.Y:5: g0 y 402 %

a,=04325 @-1.196  a,=2.15432
a,=-0.008248 &=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977  a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 a=0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

O

By ayeew
Bvi2] @y se%
BY[3] &0y e %
B4 gy s %
.Y:5: 050 y 402 %

a,=04325 @-1.196  a,=2.15432
a,=-0.008248 &=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977  a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 a=0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

O

By ayeew%
Bvi2] @y we %
DY[3] gy bl %
Byis] &0y %
.Y:5: g0 402 %

a,=04325 @-1.196  a,=2.15432
a,=-0.008248 &=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977  a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 a=0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

O

By ayvew
Bvi2] gy se %
BY[3] &0y bl %
By oy e %
DY[5] &0 ya® %

a,=04325 @-1.196  a,=2.15432
a,=-0.008248 &=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977  a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 a=0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

O

By e %
Bvi2] &y s %
BY[3] 080y HE %
By &gy ee %
DY[5] 80y A® %

a,=04325 @-1.196  a,=2.15432
a,=-0.008248 a=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977 a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 g= 0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

O

By e %
Bvi2] o0y we %
BY[3] &y e %
By gy 0w %
DY[5] 80y a® %

a,=04325 @-1.196  a,=2.15432
a,=-0.008248 a=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977 a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 g= 0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

1
[ 2]
| 3]
e

S|
a,= 0.4325

) 3 HE %
g0 3 HE %
dga % BE %
g0 % BE %
30 » ada %
g-1.196 = 2.15432

a,=-0.008248 a=-0.259  a,,= 1.01693
| a,=-0.228915 & 2.9977 a,~-1.95535
! a,= 0.033695 g 0.15847 a,,=-0.944752
f a.= 0.003165 g=0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

O

M
M
M
By

Y[ 5
a,= 0.4325

1
2 |
3 |
"

df % BE %
g0 ¥ B %
g3 % BE %
30 % & %
93 » ada %

g-1.196 = 2.15432
a,=-0.008248 &=-0.259 a,~ 1.01693
a;=-0.228915 g 2.9977 a,7~-1.95535
a,= 0.033695 g 0.15847 @a,,~-0.944752
as= 0.003165 @~ 0.61596 a,;=0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

By oo oe %
Bvi2) w0y ee %
Y[ 3 B3 1 & %
Bvis) oGy 0w %
Y[ 5] 89y a0 %

a,=0.4325 g-1.196  a,=2.15432
a,=-0.008248 &=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977 a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 a=0.61596 a,.= 0.744787




— 2
Y (X1, Xo, Xg, Xg)=8y+80. X H85. X5+ 8. XgH85. X4 F86. X1 2H8y7. X1 Xo+8g. X XgH8g. Xq - X0 F
2 2 2

By ayee %
Bvi2] g yme %
Y[ 3] &7y 0k %
B2 gy 0w %
Y[5] &89y Al %

a,=0.4325 g-1.196  a,=2.15432
a,=-0.008248 &=-0.259  a,,= 1.01693
a,=-0.228915 g 2.9977 a,,=-1.95535
a,= 0.033695 g 0.15847 a,,=-0.944752
a.= 0.003165 a=0.61596 a,.= 0.744787
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- All this 1Is when we analyzea studied magnitude.

- However, a complex of properties is studied in
M aterial Science.

- Each property is a criterion.

- We use the same analysis when defining the
multi -criterion problem

- But what principle is it based on?
- The example is shown on the next slide.




Graphical interpretation multi -ciriteria
optimization
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O

Theinitial iterationcorresponds$o a standaraolor distribution
Usually high percentagesareunattainable

The last color in the imageis observedandthenits interval is
subdivided

Usually no morethanthreeiterationsarerequired
In thefigures,two of the parameterarechangedlobally, andthe
othertwo locally.

Thevalue under investigation is arranged in a certain color in th
parameter space.




The procedure determines the percentage over which the two properties

arewhenthes ol ved problem is o6md&xi mu

O

For a mini mum-minimum problem , the minim al
criterion (s) is(are) subtracted from 100, and then the
new valuesresolve the gmaximum i maximum o
problem

. Therefore, the most important step in the optimization
procedure is to bring all the measured quantities to the
samescale

- This is auniformly distributed scalein the range of O-
100%.

- The minim al value of the research value corresponds
to 0% and the maximal to 100%




O

Now | e getbackto thecastingproblem

After analyzing the distribution of the DAS
characteristics,a generalized matrix is f oof the d
numberdrom all six matrices




T T T T T
0.00 50.00 100.00 150.00  200.00  250.00
R imm/

Here Das values are arranged with different colors depending on the four technological parameters. Each panel visvalliessdDas
6,561 combinations of the technological factors.



DAS 3

Z Imm/—

190.00 1
140.00

90.00 )

40.00
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i 10.00 =TT T T T T T T T
0.00 50.00 100.00 150.00 200.00 250.00
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Having Das values in the six sections, the system determines which initial conditions lead to the minimal DAS simultanieessty
sections.




All six Images are merged and a common area in
which the minimization is made.

Here Is the illustration in two iterations and these
are the regimes.









Optimal technological modes of casting and values of DAS
along the sections for the optimal solutions

O)

Temperature Time of Time between Counterpressure
metal cycles
8 60 1.5

T soluon 3 |
760 30 180 1.5

DAS1 15 15.8

DAS2 19.9 18.9
DAS3 20.1 18.5

DAS4 25.2 27.9
DAS5 36 37.5
DASG6 17.1 11.3

the final experimentation.



Example # 2i lon-nitriding treatment in lowtemperature plasma
of tool steel

O

http://www.efttom.com/product/




Processcontrolling parameters
X, - Temperature ionnitriding
treatment
X, - Ammoniapressure
X4 - Procesgluration
X, - Temperature of tempering

Quality parameters

examined
Y, - Micro-hardness __
Y, - Fracturetoughness [~ ] [t o] A ]
Y ;- Relative specific wear Levels X X, M, Xs X,
resistance Zero level (0) 530 300 7 650
Interval of 20 150 3 50
variation
Upper level (+) 550 450 10 700

Lower level (-1)







