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THE LOGIC OF PLAUSIBLE REASONING IN THE DIAGNOSIS OF CASTINGS DEFECTS

LOGIKA WIARYGODNEGO ROZUMOWANIA W DIAGNOSTYCE WAD ODLEWOW

Quick diagnosis of the cause of crack formation enables preventing the formation of other cracks in the next casting
process and enables also, as far as it is possible, a repair of the existing defect. In this task expert systems are a very useful
tool. The efficiency of an expert system diagnosis depends on the data entered previously and on the way in which the
knowledge is represented. In the article there has been presented the Logic of Plausible Reasoning with the rules of its usage
on the example of “crack” fault. Drawing attention to advantages of such an approach in relation to solutions used in existing
expert systems.
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Szybka diagnostyka przyczyny powstania wady pozwala na nie dopuszczenie do powstania nowych w kolejnym procesie
odlewania, oraz jezeli to mozliwe naprawienie powstalej. W procesie takim bardzo pomocne sa systemy ekspertowe. Skutecznosé
ich diagnozy uzalezniona jest od informacji wprowadzonych do nich oraz od sposobu reprezentacji tej wiedzy. W pracy podano
krotka charakterystyke LPR ilustrujac zasady jej wykorzystanie na przykladzie wady ,,peknigcie”. Zwracajac uwagg na zalety

proponowanego podejscia, w stosunku do rozwigzan stosowanych w istniejacych systemach ekspertowych.

1. Introduction

Issues connected with the usage of expert systems in
diagnosis are the subject of numerous research as well
as industrial solustions[1][2][3][4]. However, there are
still many aspects which are not examined. It is con-
nected mainly with the diagnosis procedures conducted
in conditions of incomplete specification (without the
knowledge of some technological parameters values) and
situations when the used knowledge comes from dif-
ferent (often heterogeneous) sources. Getting successful
solutions for such examples requires the usage of more
advanced formalisms of representation of the knowledge
about faults and adequate inference procedures.

The aim of the article is to present some possibilities
in this field which are given by the Logic of Plausible
Reasoning (LPR) in relation to specific type of cast-
ings faults. The Logic of Plausible Reasoning is a new
formalism for which there have not been any substanti-
ated industrial applications yet. However, the Logic of
Plausible Reasoning has got many properties which in
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the experts’ opinions create interesting prospects of its
usage in casting diagnosis.

In the article, against a background of short descrip-
tion of the LPR, there has been presented an example of
description of the knowledge connected with particular
castings faults (cracks). There have been presented the
most important features of suggested approach indicating
its advantages in relation to typical ones used in existing
expert systems.

2. Cold crack and the way it is represented in the
logic of plausible reasoning

The inference has been carried out on the example
of the cold crack defect. The data related with this defect
have been entered to the system basing on the informa-
tion derived from several sources such as:

e Standard of Casting Defects elaborated in Poland [5],
o Atlas of Casting Defects elaborated in France [6],
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e Review of Casting Defects elaborated in the Czech
Republic [7].

These sources are the knowledge compendium of
casting defects. Basing on such information, serving as
a defect description, the cause of the defect formation
and the way of preventing it have been created as for-
malisms, which enable an inference to be carried out,
the aim of which is to establish the cause of the defect.

2.1. Description of defects

Crack is a straight or slightly curved and zigzagging
crevice in casting wall, which has been formed at low
temperatures in the spot, where the alloy is subjected to
elastic deformation. Cracks can also be formed after the
casting has been completely cooled down in a mould,
or while knocked out, or as a result of its premature
removal from mould. They can also occur during lat-
er heat treatment, though the latter case happens rather
seldomly.

The surface of the crack is usually grainy and
clean, sometimes with coloured swelling, or distinct
signs of oxidation, depending on the temperature and
on the process stage, at which the crack has been
formed, i.e. when cooling down in a mould, during
de-gating and infusions with oxygen, or while heat treat-
ed [SI[61[71[81[O1[14][15][18][19].

Fig. 1. Examples of crack defect

2.2. Knowledge about crack representation with
The Logic of Plausible Reasoning (LPR)

Full description of the rules of logic of plausible
reasoning can be found in the literature. In the scope of
this article only few elements of this formalism, which
are the most important in the context of the considered
task, are discussed [14][15][16][17][18][19].

The essence of the Logic of Plausible Reasoning
consists of creation of rules of logical dependences. The
dependency of cast forms quality (faults) on the causes
of the faults enables to establish the hierarchy of causes
importance. Vertexes represent classes of objects and ob-
jects (groups of defects and defects), or manifestations
of objects (the appearance of a specific reason of the
defect formation). Edges represent relations between the

conceptions (pertinence of defect to a definite group,
assignment of defect to the reason of its appearance).

In the LPR the set of rules and relations, which
express the quality of the described knowledge, is intro-
duced.

Terms, values and statements describing individual
conceptions of given hierarchy are given. For the group
of defects occurring in metal products they can assume
the following form:

Term A — a vertex of certain hierarchy,

B - term’s argument

Term’s form A(B)

Value — a conception or a set of conceptions

Statements express dependences occurring between
the terms and values

T=R (D

Where T is a term and R is a statement.

AB) =R ()

Example of statement, term, value:
Terms
mechanical damage(bronze cast)

Referents
mechanicalDamage(cast) = crack
shapeDefect(cast) = {bulge, trapping, ...}

Statement

mechanicalDamage(cast) = absent

mechanicalDamage(cast) # blue

damageMechanical(casting) = crack

defectsShape(casting) = {knob, flash, ...}

Relations that define mutual positions of concep-
tions in a hierarchy are GEN and SPEC.

A; GEN A; in CX (A, D(A)) conception A
occurs in hierarchy above A; in context (A, D(A)) (3)
A, SPEC A; in CX (A, D(A)) conception A,

occurs below the conception A in context (A, D(A)) (4)

A, A — featured conceptions,

CX (A, D(A)) — defines the context of considered
dependencies

A — conception placed above A, and A; in hierarchy

D(A) — term defining characteristic for A feature
Example of relation SPEC and GEN

defectShape GEN defectMechanical in CX (casting,
damage(casting))
defectShape SPEC defectCasting



Relations SIM and DIS — describing similarities and
dissimilarities of certain conceptions:

A SIM A, in CX(B, D(B) conception A is similar
to conception A; in context (B, D(B))

A DIS A, in CX(B, D(B) conception A is
dissimilar to conception A; in context(B, D(B))

(6)

Example of relation SIM
defectShape SIM disContinuities in CX (defectCast-
ing, Defects(defectCasting))

Mutual dependencies and mutual implications defin-
ing the measure of conception equipoise:
Mutual dependency

D1(A) & Dy (f(A)) (7

an additional element could be:

+ meaning positive dependency, so if one term value
is increasing, the other term value is increasing, too

or

— meaning negative dependency, so if one term value
is increasing, the other term value is decreasing

Example of mutual dependence:
defectCasting(casting)« designCasting(casting)

Mutual implication

Di(A) =Ry © Dy(f(A) =R, ®)

Example of mutual implication
knocking outCasting(casting) = correct damageMe-
chanical(casting) = absence

There are associated parameters assigned to each
formula that characterize uncertainty of contained infor-
mation. The following presents an interpretation of those
parameters:

y — certainty grade of the formula

@ — value frequency

U, — argument multiplicity

W, — value multiplicity

T — typical character of subordinate conception
in a given context

o — similarity degree existing between the con-
ceptions in a given context

0 — object domination in a set of superior ob-
jects

o — strength with which the left side of the im-

plication (or dependency) influences its right
side

377

strength with which the right side of the im-
plication (or dependency) influences its left
side

argument multiplicity defines how many ob-
jects a given descriptor value has

similarity of objects in respect of the char-
acteristics defined by a descriptor given in
the context

certainty degree with which on the basis of
the term’s value on the left side we can de-
fine the term’s value on the right side

describes how many elements of the concep-
tion being an argument has a characteristic
defined by the value

defines cardinality of the value set of a given
term

Examples of using the parameters defining the un-
certainty of information:

If we conclude that it often comes to a cast crack
while cutting the trapping off, our conclusion may be
written down as follows:

defectReason(coldCrack)=(castDamagingDuringCutting-
TheTrappingOff))y=big p=often

If we want to say that reasons of cast defects leading
to mechanical cast damage make up a small percentage
of all cast defect reasons and mechanical cast damages
account for a small percentage of all the cast defects, we
may write it down in the following way:

defectReason(mechanicalDamage)={improperSprueRemo-
val,improperHeadRemoval,improperTrappingRemoval,
improperRemovalOfOtherTechnologicalSurpluses}
Ug=small p,=small

Argument transformation in statements — generaliza-
tion:

A(0) =R y1, @, M

O‘ GEN O in CX (Of, D(O)): v1, L, Ua

D(O%) A(O"): y3,a

AO%)=R: v Y3,@)
©))

Value transformation in statements — specialization:

D(a)=Ry,...: Y1, @, Ur

R* SPEC R in CX (d, D(d)): y2, t,

D(d) A(d): vs3,

A SPEC A: 3

=f(y1.9,  May2, L9,

D(a) = R""': Y =F(Y]9 cps “‘I‘s YZa l” 69 aa Y4)

(10)
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Example of value transformation in statements

defectReason(coldCrack)={castDamagingDuring-
CastKnocking,
castDamagingDuringTrapKnocking,
castDamagingDuringOtherManipulations}
vi1=quite big p=average \,=big

These values big, small are used as linguistic val-
ues. The explanation of linguistic values as expressions
established arbitrarily in natural language corresponding
to different parameters ranges.

improperRemovalOflechnologicalSurpluses SIM
castDamagingDuringOtherManipulations in CX
(defectReason, castDefects(defectReason);
v,=big o=big

castDefects(defectReason)—= continuityDefects
(defectReason) y3=big a=big
coldCracks SPEC continuityDefects y4=quiteBig

defectReason(coldCrack)=
{improperRemovalOfTechnologicalSurpluses,...}

y=big

3. Description of cold crack defect diagnostics

3.1. Diagnostics using the Logic of Plausible
Reasoning

A description of the Logic of Plausible Reasoning
and its basic assumptions and formalisms have been dis-
cussed in previous publications [10, 11]. In this article
only the assumptions and formalisms, which have crucial
influence on the process of inference are described.

On the basis of the inference previously implement-
ed and connected with the cold crack defect, a hierarchy
and the relevant statements have been created. Also, the
data connected with the classification of the defect, caus-
es of its formation, and the preventive means are ordered.
In this article only the data that have vitally influenced
the process of inference have been presented.

Pictures 2 and 3 present an example of hierarchy
possible to implementation in the expert system. The
hierarchy presented in the picture 2 has been created on
the basis of faults division into classes, groups and sub-
groups used in different sources of data and knowledge
(literature of norm, atlas, the Czech Republic). The hier-
archy presented in the picture 3 is based on the causes of
fault creation. Creating the hierarchy is the first step in
building system based on the LPR. Attention should be
paid to the fact that creating of hierarchy is in the partic-
ular case activity integrating used sources of knowledge.

Daraage of continuity I
Inner crack I Mechanical damage

Surface crack I
Under surface crack I
Cold crack I

Fig. 2. Example of the hierarchy based on usage of different faults

classifications
The reasons for crack
appearance in cast forms

Physicochemical factors

Shnnkage crack

Construction cast

- Great - Big different - Increased

temperature in the wall titandum
cifferencesin thickness admixture in the
particular cast - Sharp cast of thick
parts transition fromt walls

- Time shifted the thin into the - Phospharus
structural thick walls and sulphur
changesin - Insppropriate content and big
cafferent parts of infusion system thickness of the
the cast collocation and cast walls

- Toorigid, too head callocation

hard form which causing the

prevents from temperature

cast shrinking Fadents

Fig. 3. Examples of hierarchy based on causes classification of fault
creation

We assign the terms and values that are necessary in
this inference process done with The Logic of Plausible
Reasoning:

Design gating system (casting) = incorrect, correct
Temperature difference in particular cast parts
(casting)=big, normal, absence

Defect reason (casting) = (casting stresses which
affect crack formation, ...);

The information uncertainty parameters should be
settled down. The following parameters will take part
in the chosen inference process: a-certainty factor of
dependence that knowing the value of left side term, the
right side term value is within recognition. Parameter
B is defined in analogical way but in opposite effect
direction.



An example of the following notation means that
incorrect location of the gating system results in great
temperature differences. A value of this dependency is
highly assigned (very big). An implication operating in
the opposite direction, which is the temperature differ-
ence influencing the gating system location, has a very
small meaning. The parameter y determines the certainty
of any information.

Design gating system (casting) = incorrect
(temperature differences (casting): big:
v1 = big, ay=very big, Bi=very small

Design gating system (casting) = incorrect

& (temperature differences in particular cast parts
(casting)=big: y,=very high, a=very big,

Bi1=very small

Temperature differences in particular cast parts
(casting)=big & defect reason (casting) casting
stresses which appeared because of the temperature
difference: y, =very high, a,=very big,

Ba=very small

Design gating system (casting) = incorrect <
(casting stresses which appeared because of the
temperature difference: y=very high,

a=very big, B=very small

In the foregoing conclusion we have obtained the
diagnosis that the reason for cold crack appearance are
casting stresses which appeared because of the temper-
ature difference.

Apart from the information about the cause of defect
occurrence we also obtain information on the reliability
of the received information.

The certainty of this diagnosis has been qualified as
high. The gating system location influence on a defect
reason has been qualified as high, however the defect ap-
pearance reason influence on the gating system location
is very small. It was possible to be specified thanks to
uncertainty parameters which have been used.

This example has been created on the basis of in-
ference called implication transformation which occur in
the Logic of Plausible Reasoning. The symbolic notation
of this kind of inference has been presented below.

Di(A) =Ry © D2(A) =Ry : y1, 1,5
D>(A) =R, © D3(A) =Rz : y2, 2,8

Di(A) =Ry © D3(A) =Rz : y = f(y1,¥2),
a = f(all’a?)vﬁ = f(ﬂlvﬁZ)

(1D

The last statement is obviously trivial from the tech-
nological point of view. However, as far as formal aspects
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are concerned it should be taken into account in order
to assure the entirety of knowledge representation.

4. Conclusions

Presented conceptions of description of technologi-
cal knowledge about castings faults with the usage of the
LPR, although they have been presented shortly, give as
it seems some view on this formalism features. Carried
considerations have been related to one type of faults
(crack). However, used proceedings can be carried on in
analogous way for other faults with similar features.

In the article, attention has been paid to two essen-
tial advantages of knowledge representation based on the
LPR:

— possibility of taking into consideration different
forms of indefinitness (lack of accuracy) in applaying
to source knowledge disposal, indefinitness;

— ability to integration of knowledge coming from dif-
ferent sources (in particular case norms and different
countries catalogues).

Such possibilities don’t exist in known realisations
of expert systems in the filed of castings faults diagnosis.

To sum up, it can be said that results in the current
stage of research are promising. Within the confines of
continuation it is expected to elaboration of specialist
software supporting creation of technological knowledge
modules and then realisation of diagnosis procedures
based on usage of the LPR.

The research into the use of the Logic of Plausi-
ble Reasoning in diagnostics carried out at the Center
of Competence for Advanced Foundry Technology and
at the AGH University of Science and Technology, De-
partment of Computer Science in Industry, Faculty of
Metallurgy, is currently at the initial stage of implemen-
tation.
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