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DEVELOPING A METHODOLOGY FOR BUILDING THE KNOWLEDGE BASE AND APPLICATION PROCEDURES
SUPPORTING THE PROCESS OF MATERIAL AND TECHNOLOGICAL CONVERSION

The article presents the developed IT solutions supporting the material and technological conversion process in terms of the

possi ility of using the casting technology of selected alloys to produce products previously manufactured with the use of other
methgds and materials. The solutions are ased on artificial intelligence, machine learning and statistical methods. The prototype
modyle of the information and decision-majing system allows for a preliminary assessment of the feasi ility of this type of procedure.
Currgntly, the selection of the method of nfanufacturing a product is ased on the knowledge and expegience of the technologist and
constpuctor. In the descri ed approach, thi$ process is supported y the proprietary module of the infgrmation and decision-making
system, which, ased ongthe accumulated knowledge, allows fqr ap initial assessment of the feasi |ility of a selected element in
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with the use of selected methods, allows for an initial assessment  gffectiveness of these solutions in terms of data classifigation and
of the feasi ility of this type of procedure. In the trpditional  prediction and thd detected dependencies. The presented research
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charjge of the material used for the production of the selected
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metal element, the change of the production technology used
(for example, replacement of the forging technology with the
casting technology, which requires structural changes in relation
to a given element (new design, new material) [1-15]. Introduc-
ing changes is related to keeping the required technological
parameters (mechanical properties), economic factors (striving
to reduce the production cost of the selected element), weight
(reducing the weight of the element, which reduces the cost of
its production, and consequently, if it is an element used in the
production of cars, this will have the effect of reducing the overall
weight of the car and reducing fuel consumption). Factors that
influence the choice of the manufacturing method are the atch
size, dimensional accuracy, size of a part, shape complexityp size
of a part, weigth and cost per piece, etc. The use of a spg¢cific
type of technology or its conversion in the production of metal
products requires taking into account a large num er of fagtors,
also of an intuitive nature, and difficult to introducg quantifative
assessments. This is often determined mainly y the experjence
and knowledge of the designer who designer gf a|given pdrt, as
well as other circumstances that are difficult tojexpress in fgrmal
languages. The development of a methodology fof constructing
a domain knowledge ase and inference proc¢dures supporting
the process of materialgand technological convgrsidn requires the
development of an algorithm for the procedurf inthe descri ed
case. Such an algorithm should allow the usp of com inatjon
of many techniques, guch as asic knowledge|simple cntec ing
rules (such as Modus [Ponensg or complex (learning or macliine
search algorithms) to |nfer dgcisions. Complex rules arg usefl in
the chain of inferencefwhen there is no possi ility of coptinging
classical reasoning. Bidsed o1} the facts storeg in the kngwlefige
ase, new knowledge is gendrated that can |e used in the s
ghain of inference to make aldecision. Thisgolution ug is com-
blex formulas of knowledge ind formalismg of reason]
ndicated inference algorithmfassumes that the knowledge repre-
sentation and reasoning method can e formafized as a deductive
system, where the knowledge is representdll y formulas that
ay e uncertain. Experimental wdrk was ied out to check
e cgurse of the inference process. It was che¢ked whether the
fesult of the inference, in terms of| supporfing the decision to
select the technology, allows to reduce the prgduction costs of
the metal element. Also scenarios of the use of{the system were
developed, referring to real case stydies, on t asis of which
its oppration was verified. Inference[was made Jorgvarious cases.
Durirg the tests, varia le inference rules were ugedl. As a result of
the iffference, system gdicated the type of materigl that could e
used to produce a spegific part in the casting techhology. At this
stage, the correctnesg of the developed IT toold was verifi
Ithas een shown thatithe method of constructing fhe knowledge
ase agpd the applied ipference models and algorifhms allow
dre cqrrect inference fprocess to e carried out Vj
he dgveloped IT system modulesAn example of the descri
hlgorithm is presented! in Fig. 1.
he choice of a metal produ¢t manufacturing technologyis
lso agsociated with access to innovation data, which may indi-
ate ngw solutions resulting from the implementation of reseqrch

Input: ¢ — hypothesis formula, K B — finite set of labeled formulas, d — max
depth, STRATEGY - strategy of the proof tree search
Output: Proofs of ¢ : [ from KB
T := tree with one node (root) s = [¢];
OPEN :=[s];
PROOFS := 0
while OPEN # () do
n := the first element from OPEN;
Remove n from OPEN;
if n is empty then
Add to PROOF'S the path from s to n;
if STRATEGY is not ezhaustive then
| Return PROOFS;
end
end
if the first formula of n represents action act then
Execute act; if act was successful then
add results of act to KB;
E := node generated from n by removing act;
end
else
K := knowledge transmutations, which consequence can be unified with
the first formula of n;
E := nodes generated by replacing the first formula of n by premises
and actions of transmutations from K;
if the first formula from n can be unified with element of KB then
| Add to E node obtained from n by removing the first formula;
end
end
Remove from E nodes generating loops;
Remove from E nodes with proofs longer than d;
Append E to T connecting nodes to n;
Add nodes from E to OPEN;
Order OPEN using STRATEGY;
end
Return PROOF'S:

Fig. 1. Developed algorithm

projects, patents and information posted on we sites. For this
purpose, a document search model can e used, yvith the use of
ameta-knowledge ase. An exemplary sglution cpncerns o tain-
ing information in ghe field of innovativg foundry technolggies.
The developed mdthodology for creating the khowledg
and the procedureg for its use are univgrsal and|can e r¢lgted
to any pro lem arga. The solution is related td
documents@nd is darried out with the uge of a mpta-kho

ase constructed with the use of an intuitfve formglism{andjdives

proach to[t¢chnological knowledge. The effectiveness pfia gfven
solution tefates to functionality covering oth the cfeqtiofi of
meta-knqwlledge as well as a pro lem-orignted technqlogical
xnowledgel” ase and decision-making procedures.

Datd mining methods suppofted y rule inductiop algo-
fithms gsed on the theory of rough setgor|decision treep allow
for the gPngtruction of a knowledge ase fin the form ¢f a set
of ruleg end ling inference regardjng djeat|treatment scenarios
for the|allojp of a given chemical|copjpodition. Based on the
rules o| tainpd y this method, thejcofrect [classification of the
variantp of the gelected treatment ¢an| e made. The classifica-
tion pr 161'!:, adlthough known in indygrial applications, is not
alwayspgfectively solved due to the serfsitivity, type, num er and
characfristics pfthe availa le training|data. In this case, §esting
was cofiduc f:d on the asiseof the colffcted experimentpl data.




IS

www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

The constructed algorithms have the advantage that they are
well scala le and provide the a ility to automatically generate
rules. Thegmodel of representagion and the use of knowledge
expressed|in linguistic form difffers significantly from the situa-
tion when|data and knowledge fire o tained through a physical
experimerft or have a numericgl fogn. An important stage in
uilding the model is the seleqtion pnd implementation of an
ppropriate formalism of knowlkdge representation that allows
or its effeftive use. This is espdcially the case with incomplete
nd / or ujcertain knowledge. |
As part of the work, a model of knowledge collected in the

orm of an attri ute ta le was createq used in relation to hy rid
om ination, fyzzy logic formalism[and rough sets. The sglu-
ion pas een t¢sted oh data from the visual monitoring resgult,
the yalue df the attri utes representing the featpires

he key stage of the considered pro
te ta le tp identify the defect. The f

An [important agpect qupp¢rting the material conversign
process {s the develppment of a domain knowledge ase 1
garding g¢asting defdgcts. THis action focused in detail on the
pro lem pf casting ddfects, gnd in particular on the methpdology
of rgcording the knowledge[a out the causes of casting|defects,
and the dévelopment of a solytion that will support the|method
of preventing defects. Knowlgdge that allows to avoid j defect
in the production process is [very important when deyeloping
a npw technology and / or ysing a new material to produce
a gijven structural element. The scope of knowledge covers the
entfe technological process. ntroducing knowledge in this area
intg the system requires activfties that include:

a) recognition of the type (flame) of the defect;

) identification of the cause of the defect, using methods
o of representation of knowledge that take into account its
incomplete and uncertain nature;
indication of defect prevention methods, using the knowl-
edge o tained from dispersed and heterogeneous sources.
When lpoking for a new technology, it should e remem-
ered that the new type of material must provide at leagt the same

echanical|and functional parameters as the origingl material.
"he choice pf the production method used is influeniced y the
atch size, dimensional accuracy, size and complexitly of ghape,
ype of necgssary machinig and thermal treatment, [etc.
Factors also freate the final cost of the product. In thif si

T
S~

machine part) cgnsists in thgselection of material andJits pfoduc-
ion technology, which ensute the fulfillment of specific technical
equirements, while allowing the minimalization of prodfction

osts. In the work [6], the dlata allowing to compare the [group
pf group of castings made df ausferritic ductile iron (ADI) with
other technologfes and matgrials used for their production were
summarized. These data wefe taken as the asis for the creation
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of a knowledge ase expressed in terms of Relia le Reasoning
Logic (LPR), talging into account the knowledge ¢ tained from
experts. The prepented solution takes into accouft.the fact that
its asis is the ppssi ility of collecting and sharing incomplete
ands/ or uncertain ksowledge, ecause many prgmises in the
field of foundry|technologies arg intuitive. The pige of LPR in
thepe conditions s ai innovativelapproach, makingfit possi le to
map human reasgninig. The prodyction process of fnftal progucts
is gssociated wifh many aspectp that affect the‘E al prdduct.
Anjong others, aspegdts related tq the acquisition and integgation
of knowledge from|different ayaila le sources, may support
the[improvement off productionfprocgsses. The second aspect
is the choice of production varfants) especially in the cqntext
of creating new products or improvihg the properties of fhose
already implemented in production| In the a ove-mentfoned
thematic areas, an important form off support fpr technologists
are IT systems with the functionalitylof knowledge processing
ased on artificial intelligence methofls. The n¢w type of mate-
jal must provide at least the same tiechanicgl properties and
elia ility as the original. The choice of the pro
nflugnced y: atch size, dimensional accuracly, dimensions of
parft, complexjty of shape, type of machinig arjd heat treatment
rocpsses. All pf these factors are also includ¢d in the cost of
roduction] In this situation, the pro lem that the designer and
echiologist ofla given product (mackine parts) must face is the
fhoige of njatetial and the method of its production, which will
ensufe that]cerfain technical to e met, and will allow for the
max/mum reduftion of productiog cqsts at the same time. When
using the proprietary LIIS (LPR Intelligent Information System)
system considered here, it is verly infportant to indicate the ap-
propriate material that could replgce tfaditional materials (forged
steel, cast steel). This material dan dlso e heat treated ductile
iron (ADI), which has a favora |e relatignship etween tensile
), whilg offerigg significantly
he decision to
more detailed
roduct and its
city, corrosion
single casting?
archies tijat were defined
rder to sfiow the course
te technology and mate-
Sowing how, for example,
lished etWegh the system supporting
erson gesponsi le for the selection of
oting that the engire process is ased on
erfl(usyally a dgsigner). The iportant
vdr al|messagg. There is no formula,
ajlow for the conversion.
For the entjre ffrodess, you can only define its framework.
The scenarios afe iftenfled to show an gxample of a simplified
scheme of procegding inf the ¢as¢ of searching for the apjpropriate
material and / or technology that should Eused in the copversion
process. The scenarios show] examples of events wherg there is
a small amount of external information (premises) that will allow

ction method is

aded on
n the

ping ca

rial, gcenarios have ee
a diglogue can e gsta
such| a process gnd [the
the rpaterial. It i§ wqrth
infogmation from an e
thing here is that it]is

method or algorjth t wi
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to indicate an appropriate solution. They are o tained as a result
of human or system reasoning, on the asig of accumulated
knowledge. This knowledge does not comg from a single source,

ut from many heterogeneous sources. The |nference process
gequires the a ility to associate even seemiingly unrelated facts,
hnd to take intp account the uncertainty offthe ¢ontext, similarity

Scenario 1

> Orderno 1...

b gMarketing department|

"y ld  Orderno3..

¥
§
3
>

bd Is it possible to proce

b4 Is it possible to proce

pgConstructor / techno...

echanical processin. Jllilaking samples and r,

bd Assumed margin...
b2 Assumed margin...
b4 Assumed margin...

id No - new timeline needed - ETA1 month
>_
)
)_
N ]
>_

id Sand form - 7%" b4 Auto-molding - 1%~

and hierarchy. This possi ility is provided y the construction
of a applied system with the use of LPR.

The operation of the flescri ed solutionjwas checked on the

asis of the developed sc¢nariog presented in the Figs. 1 and 2.

a given Iron Plant of the Folindry Institite in Krakow, cur-

ently the Casting Technology (Center in Lukasiewicz Research

Offer for order no 2 - declined by customer. Reason:...

pgConstructor / techno... bd Sand form - 7%* bd Hand molding - 5%*

bd Thermal treatment -...

bd Ductile castiron -...

echanical processin.

1

b4 Ductile castiron -...

Yechanical processin.

bdThermal treatment -...

Viewer does not support full SVG 1.1

Fig. 2. Scenario 1
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Fig. 3. Scenario 7
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Network — Krakow Institute of Technology, trial series of cast-
ings were made. The material and technology used to make these
tools confirm the operation of the scenarios used to verify the
developed knowledge ase and inference system.

The analysis of the impact of isothermal transformation
parameters on the impgct toughness of unalloyed cast iron with
spheroidal graphite mgy e a simple solution to uild a model.
In the descri ed case, tagt iron from three differgnt heats with
chemical comgpositiony (W1, W2, W3) presenteql in TABLE 1
was used forfthe tests.

TABLE 1

Chemical cotpposition of cast iron,%

X:ﬂl‘e‘;f Si [Mn| P | S | Mg F] Cu | Ni
Wi [ 355259018 005200140060 — | —
W2 [ 341 [ 262030 [0,046]0,016] 0056 048 | —
w3 339 ] 262029 [0,042]0,010[0036] 051 | 0,72

1644 / 5000

The critical temperatures during continuous heating and
cooling at a constant speed (0.019 K/s) were determined using a
dilatometer. The microstructure of cast iron melts was investigat-
ed. Mechanical properties of the tested castings were determined.
An impact test was carried out on a PSW 300 Charpy hammer
with a maximum impact energy of 300 J. The experimental data
concerned the production of ADI cast iron in two variants of heat
treatment and three melts with different chemical compositions.
Additionally, three separate samples were tested for each case.
The o tained results were analyzed. The first stage consisted in
deterngining the qualitative and quantitative varia les. The cor-
relatigns were then checked using the linear Pearsgn correlation
coeffiient. On the asis of the analysis, it can e goncluded that
lation coefficients clearlygindicate a strong
pact toughness on the augfertitization tem-

ausferritization tinge did not affect the o tairjed [Values of the
measured impact tqughress. With regard tp th¢ qualitative vari-
a les, itcan e confluddd that the varia lg of fhie heat treatment
vgriant has ag impact orj the impact toughpess, as does the vari-
a| le of the melt (chemicgl composition)| The performed analysis
cpnfirmed that the deterjnination of the{ sgmple varia le had no
influence on|the impact foughness. Bas¢d pn the analysis, it can
also e conclpded that the influence of tHe §hemical cd mposition
if smaller thpn that of the heat treatmept |parameters| The next
s Fp was to §pply the regression equat Fn as presenfed elow:

KV'=0,065815 * T+ 0,004086 *' T, — 0,014041 %'T

W Leie:

T(t;) — nominal austenitizing temperature;
range: <830,950> [°C],

Ty Kty) — austenitizing temperature after su cooling, dpmain:
{830; 860; 900; null} [°C] (no value for prd rsesses
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without cooling — variant V1) — the varia le can
also e considered a qualitative varia le depgnding
on thg calculation method used, »
Ty (4,;) — ausferritization temperature, range: {$00; 400} [°C]
—thig varia le takes only two possi 1¢ values; it can
also | e treafed as a qualitative varga| le depending
on tﬂe calculation method used, S
KV — reaking epergy value KV, J;

ng r: <5,4; 19,9> [J]. L |
The conducfed arjalyzes showed that lipdar regression
does not allow taking ifjto account the influende jof categorical
predictors. Howeyer, it § possi le to define howtj e categorical
the KV. Mogeover, it was fquid that variant
IT of heat trgatmgnt (with su tcooling) increased the average
valugs of impact toughness. I§|can also ¢ noticed that heats 2
and 3[have higher KV values, which meang that the addition of Cu
and Ni increases the impact tqyghness, as does the pre-cooling.
In thq next stages of the work] ghe data were analyzed using ap-
proximation methods that allpyed the use of oth quantitative
and ghalitative varia les. Eachjgf these m¢thodseoffers a different
way 0 o tain forecgsts that grovide differentfunctions. In the
developeg approach), the methods using gecisipn trees o tained
the most precise and accurate results, especially with thguse of
CART ((lassificatign and Regression Tree) induction. Such an
assessmant is causefl not only y the high-quqlity o taiped ap-
proximatjon, utalgo Yy the eagy interpretatiof of't
results Y a hyman.|The last fgature in the pr¢sentef a
is 1 ih the dogtext of ddapting the develop

varia les influend

e resulfs o tained in the data
" een eyperimentally verified under la|{
conditigns. >

3. Summary

A dedicatpd inference algorit;tn, which is a part {f the in-
formation and flecision-making mgdule with a knowledge ase,
as well as the ifftroduced modification of the formalism, Enagling
the recording of domain knowledge, were presented. A soljgtion
for o taining information on innovative foundry technoldgies,
in thesfield of creating meta-knowledge, pro lem-oriented fech-
nological knowledge ase, as well as decisign-making methods
in information systerngs were presented. The methodology of

uilding the knowledge ase with the use of rough sets anfl the
development of a kngwlgdge model in the form of an attrf ute
a leJwhichisahy ridlcom ination of the fupzy logic formglism
hngl rpugh sets, as yvell as the developed sojution for the sglec-
ign Pf knowledgg rgpr¢sentation methodsjusing formaligms,
sUpporting the pro¢esg of dfagnosis of casting defects were pre-
ented. The aforementiohed works help to support the profess
f| material and teghnoldgifal conversion. These relationships
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have een confirmed experimentally. In the process of creating
this class of solutions, decision-making systems require large
amoupts of data. The pro lem is getting enough data through
a phyfical experiment. Meghods for assisting the casting produc-
tion pprameters selection were descri ed. For example, methods
that ajlow the knowledge | ase to e supplemented with data on
ter values to o tain ausfer-

ritic dctile iron with apprépriate
learnihg methods, supporfing vetjmachines, decisign trees, and
neural networks. The o tfined rgsulfs of the workis have een
confirmed experimentaldyf”

The results presenteq in the|puj lication werelo taingd in
the projects “Innovative|pgoductign pocess of cast frog casfings
using an intelligent infdrmation ghd |decision-makihg system.”
Task 2. “Industrial netwprk infrastru¢ture” under the Intelljgent
Development Operationgl Program fop 2014-2020, INNOM@TO
sector program, POIR.91.02.00-00-p248 / 1, implementdd in
the period 01/09/2017431/03/2018, |financed y thg Natjonal
Centrum Badan i Rozwoju, and in thejproject LIDER 4028/593 /
L-4/12/NCBR /2013, Information afid decision-makifig system
supporting the production of ADI cast iron, implemented in the
period 01/12/2013 —30/09/2017, financed 'y thgNational Center
for Research and Development.

The use of IT tools in the process of materia} and technologi-
cal conversion ena les a preliminary assesgmentfof the feasi ility
of a given process The presented proprietary [Solutions ig the
field of inference glgorithms, formalisms|for recording domain
knowledge and the construction of knoyledge ases, as|well
as supporting the|selection of the chemjcal comgposition and
parameters of the technological process fillow for limiting the
num er of physicaj experiments in la oratory or i
tionss and in the cqse of their implemgentation, for more prgcise
planping of work[The presented sqlution is a tgol suppdrting
the technology of manufacturing specific produgts. This solu-
tion has een tested in the context of the productjon process of
foredtry mpachinery components undef the TECHMATSTRATEG
1 prdjectjas part of the project with the acronym INNOBIOLAS
entitjed fDevelopment of innovativg working elements for for-
estryl machines and iomass procesSing ased on high-energy
surface 1podificationstechnologies of thegsurface layer of cast
elementy’; agreemenjt no. TECHMATSTRATEG]1 /348072/2 /
NCBR /R017. The developed methods gpen the possi ility of
increasiffg the efficiency of supporting foundry processes y
introducing solutionp ased on artificial |intelligence gnd daga
analysis, the use of whigh to construct systpms allows thg su jgct
area to cover a much larger range of dafa, so far omiftedsdpe
to their incompleten¢sy, uncertainty, hetefogeneity and|thdg fact
that many of the premjses in the field of foundry techijologies
are intuitive. The developed predictive algorithms and thaghipe
learning methods wer¢ the asis for the continuation pf yopk
under the project POIR}04.01,04-00-0027 / 18-00. Developgngnt
of innovative technical and material solutions was used i§ the
construction of an autonomdus agroro ot under Measure 41 of
the Intelligent Development Operatiopal Program 2014-2020
co-financed y the Europea Regiona| Development Fund

In particular, the following should e indicated as significant
components of the presented achievements:

1. Supporting innovative productionftechnologies on the asis
of experimental data with the usg of artificial intelliggnce
methods;

2. Formalization and processing of d¢main knowledge in ¢rder
to adapt it to the implemented decfion-making procedpres;

3. Document search model, with the Pse of'a meta-knowledge

ase. A

4. evelopment of a methodology for constructing heufistic

odels that ena le finding (estimating) relationship$ e-
ween importantgrocess parameters; .

5. earching for domain knowledge with the use of dedicafed

rogramming topls;

6. upporting techhological conversion with the use of afti-

icial intelligencg formalisms

7. Development off the concept and implementation of pfo-
prietary prototype solutions supporting the product Pn
processes of casfings. I
Prototype solutions were tested using the availa le experi-

mental data. »
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