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Abstract. A centrifugal casting procedure and Rezumat. La Universitatea Transilvania din Bov a
installation with three axes of rotation were p#&enat fost brevetat un procedegi o instalaie de turnare
Transilvania University of Brgv. This can be deployed centrifugaii cu trei axe de rote. Aceasta poate fi
for casting hollow metal balls. The advanced midtip utilizatdi pentru turnarea bilelor metalice goale. Este
criteria analysis is conducted in order to evaludie  aplicai metoda analizei multi-criteriale avansate pentru
opportunity of using this casting procedure andevaluarea oporturdi utilizarii acestui procedeu in
installation for the manufacturing of mill ballse®n  vederea ofinerii bilelor destinate instafidor de micinat.
procedures for mills balls manufacturing had beem a Au fost supuse analizeiapte procedee de fabricare a
comparing. The analysis shows so as to produce thdiilelor pentru morile de #atinat. Analiza a ditat &
balls by centrifugally casting has the highest eniance  fabricarea prin turnare centrifugabre cel mai mare
coefficient. coeficient de performai
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1. Aim of paper 1. Scopul lucrrii
A centrifugal casting installation of hollow La Universitatea Transilvania din Bay a fost

metal balls was patented and manufactured dbrevetal si realizati o instalagie de turnare centri-
Transylvania University of Bikav [6]. The radius fugali a bilelor metalice goale [6]. Ragagrosimea
and wall thickness of the manufactured balls can bgeretelui bilelor fabricate pot fi reglate in limit
adjusted within a very wide interval. This proceslur foarte largi. Acest procedeu detiolere a bilelor
of hollow balls manufacturing is highly productive. metalice goale are avantajula casigusd o
The vyield of liquid metal utilisation in casting is productivitate ridicat. De asemenea randamentul
also major and the manufacturing costs are reducedutilizarii metalului lichid la turnare este mare, iar
The paper analyses the mill balls costurile de fabrigée sunt mai reduse.

manufacturing opportunity by centifugal casting. In lucrare este analizabportunitatea fabrigii
Comparatively with another the mill balls bilelor destinate morilor de &ninat prin acest
manufacturing procedures this procedure isprocedeu. Se evalueaz acest procedeu, 1in
evaluated. Hence, the utility of respectively devic compargie cu alte procedee de fabrieaa bilelor

is analysed. destinate morilor de fginat. Se analizedzstfelsi
Therewith the paper aims to exemplify the utilitatea instalgei respective.
advanced multiple-criteria  analysis  method In acelgi timp lucrarea are ca scopa s

implementation to industrially manufacturing exemplifice aplicarea metodei de analimulti-

procedures evaluate [1, 2, 3, 4]. It goes over theriteriali avansat pentru evaluarea proceselor de

detailed steps of this comparatively analysisfabricaie a unor produse din domeniul constieic

method. de maini [1, 2, 3, 4]. Sunt parcurse detaliat etapele
aplicarii acestei metode de analizomparativ.

2. Requirements for mill balls 2. Cerinte impuse bilelor de nicinat

Ball mills are used to ground mineral or Morile de nidcinat cu bile sunt destinate
organic materials. The balls are introduced into amicinarii unor materiale minerale sau organice.
cylindrical rotating shell together with the ma&tri  Bilele se introduc intr-o cuavcilindrica, rotatia,
to be ground. Usually, these are in form of cluster impreurd  cu  materialele  supuse aginarii.
By spinning the balls and clusters are first lifted Materialele supuse #uninarii sunt de obicei sub
Then fall under their own weight, one over oneformi de bulgri sau aglomeiri. Prin rotirea cuvei
another, on the bottom of the shell. Due to thebilele si materialele supuse auinarii sunt ridicate,
kinetic energy and the impact forces, caused by thapoi ele cad unele peste altele, spre partea da jos
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balls falling over the clusters, the latter breatoi incintei. Ca urmare a energiei cinetigea fonelor

progressively smaller pieces until reaching thede impact (cauzate deaderea bilelor asupra

required dimensions, most often powder size [5]. materialelor supuse #uinarii), bulgarii se sparg
progresiv in particule de dimensiuni tot mai mici,
pari ajung la dimensiunile necesare, de cele mai
multe ori sub forria de pulbere [5].

Mass, dimensions and mechanical properties Bilele trebuie § aiba magi, dimensiuni si
(shock and wear strength) of the balls depend en thproprietiti mecanice (rezistgi mecanié la socuri si
material to be ground. No special requirements aréa uzare) in funge de materialele supuseignarii.
imposed regarding dimensional precision andNu sunt impuse congli speciale privind precizia
surface roughness. In the case of grinding mineraldimensional si rugozitatea suprafelor. In cazul
in mining or metallurgy (ores, coal, clay and samil macinarii materialelor minerale, Tn industria minier
materials) the required properties of balls include sau metalurgic (minereuri, drbune, argd sau

- high shock resistance; altele similare) caracteristicile cerute bilelonsu
- surface hardness (wear strength); - rezistema ridicati la socuri;
- adequate mass. - duritate superficial (rezistema la uzare);

- mag corespunitoare.

Typically the density of the materials used for De obicei se cere ca densitatea materialului
balls is required to be as high as possible, sadb a utilizat la confe@onarea bilelor & fie cat mai mare
produce the greatest possible impact on the groundentru ca la @&ere 4 produd o forta de impact cat
material. On the other hand, the large weight ef th mai mare asupra produsuluiaomat. Pe de ait
balls used in grinding increases the energyparte, greutatea mare a bilelor utilizate pentru
consumption. macinare influemeaz negativ consumul de energie.

The materials most frequently used for mill Materialele cele mai des folosite la realizarea
balls are cast iron and steel, In this case ba#issi bilelor pentru mori de #tinat sunt fontagi otelul.
ranging from 50 to 15 mm. At present the issue ofin acest caz dimensiunile bilelor sunt de ordinul
reducing energy consumption in grinding has comes0 — 15 mm. In ultimul timp, se pune tot mai mult
to the fore, It need to be correlate this call withproblema reducerii consumului de energie la
ensuring the necessary impact force and amacinare. Aceadt tendina trebuie coreldt cu
optimum geometry of the contact surface betweerasigurarea faelor de impact necesarg a unei
the balls and ground material. This has yielded thggeometrii optime a suprgidor de contact dintre
idea of using hollow balls in mills. Thus the bile si materialul supus #tinarii. Ca urmare a
targeted reduced ball weight can be obtained whil@pirut ideea utilizrii Tn morile de nicinat a unor
ensuring the ball geometry (radius) required forbile goale in interior. Astfel, este posibitorelarea
optimum grinding. greudtii bilelor cu geometria (raza de curbudor

pentru a asigura coniioptime pentru riicinare.

3. Steps of the advanced multiple-criteria 3. Etapele analizei multi-crieriale avansate

analysis Analiza multi-criteria avansat este 0 metad

The method of advanced multiple-criteria stiintifica matematizat, destinat compaiirii unor
analysis is a mathematics-based scientific methogategorii de produse sau activit Pot fi comparate
designed for comparing any categories of productproduse sau actidfi din orice domeniu.
or activities. They can by compared objects orCompararea se efectu&aim vederea ierarhizii
activities of all domains. Comparison is conductedproduselor analizate in raport cu atingerea unui
in view of selecting an optimum solution for scop. lerarhizarea produselor sau a adtilor
attaining a certain goal. The ranking of the pragluc supuse analizei este bazape calculul unui
or activities subject to analysis is based on thecoeficient valoric total de performgn(FTV) al
calculation of a total value performance coeffitien acestora in raport cu obiectivul umi. Se are in
(FTV). This coefficient is computed as not all vedere & nu toate criterile de compam au
criteria of comparison are equally important in aceesi importara pentru atingerea obiectivului. Ca
relation to the agreed objective. Hence, the ¢aiter urmare criteriile nu pot avea acgie@ondere in
cannot have the same weighting in evaluating thevaluarea performaglor obiectelor sau a
performance of the analysed objects or activities. ~activitatilor analizate.
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The steps of this analysis method [1, 2, 3, 4]: Etapele analizei multicriteriale avansate sunt
1 - Identifying and characterisation of the possibl [1, 2, 3, 4]
variants of products or activities to be consideredlL — Identificareasi caracterizarea variantelor de

by the analysis; produse sau de actigji luate Tn considerare n
2 — Establishing the criteria of comparison; cadrul analizei;
3 — Establishing the importance of the criteria and2 — Stabilirea criteriilor de compaie;

their weighting within the analysis; 3 — Stabilirea importgni criteriilor si a ponderii
4 — Analysis of the studied variants in relatiortre acestora in cadrul analizei;

criteria of comparison; 4 — Analiza variantelor supuse studiului Tn rapmort

5 — Computation of the total value performance criteriile de companie;
coefficient and ranking of the analysed variants. 5 — Calculul indicelui valoric total de performagi
ierarhizarea variantelor analizate.

Further on these steps, the mill balls In continuarea acestei etape se face evaluarea
manufacturing by centrifugal casting is evaluated fabricarii bilelor destinate morilor de &ginat prin
relatively to another procedures. turnare centrifugalin comparge cu alte procedee.
4. |dentifying and characterisation of the 4. |dentificarea si caracterizarea procedeelor

mill balls manufacturing processes de realizare a bilelor de nicinat

Seven manufacturing procedures are evaluated Au fost evaluate prin aceasnetodi de analiZ
by this analysis method: urmatoarelesapte procedee de fabrima
P1 — Manufacturing (hollow) metal balls by P1 — Realizarea bilelor metalice (goale) prin tuena

centrifugal casting; centrifugal;

P2 — Manufacturing (solid) metal balls by gravity P2 — Realizarea bilelor metalice (pline) prin tuena
casting in sand moulds; gravitgionak in forme din amestec de formare;

P3 — Manufacturing (solid) metal balls by die- P3 - Realizarea bilelor metalice (pline) prin
forming; matritare;

P4 — Manufacturing (hollow) metal balls by casting P4 — Realizarea bilelor metalice (goale) prin ttena
of semi-balls and assembling by welding; de semibilei asamblare prin sudare;

P5 — Manufacturing (hollow) metal balls by forging P5 — Realizarea bilelor metalice (goale) prin farja
of semi-balls and assembling by welding; de semibilegi asamblare prin sudare;

P6 — Manufacturing (hollow) metal balls by casting P6 — Realizarea bilelor metalice (goale) prin ttegna
of semi-balls and mechanical assembly (by de semibilei asamblare mecariigprin suruburi);
screws); P7 — Realizarea bilelor metalice (goale) prin farja

P7 — Manufacturing (hollow) metal balls by forgioig de semibilgi asamblare mecarigprin suruburi).
semi-balls and mechanical assembly (by screws). Pentru efectuarea analizei este necesar

The analysis claims to know the advantagesunogterea tuturor aspectelor legate de avantajele,
and disadvantages and such the particularity oflezavantajelgi particularititile implicate de fiecare
these procedures. Further and shortly, they ardintre aceste procedee. Acestea sunt prezentate pe
show. scurt in continuare.

The centrifugal casting of hollow balls (P1) Turnarea centrifugal de bile goale (P1)
requires a centrifugal casting installation with necesii o instalaie de turnare centrifugal cu
simultaneous rotation by three axes. Generallyrotaie simultari dupi doui sau trei axe. in general
centrifugal casting installations do not requirgé&  instalgiile de turnare centrifugal nu necesit
investments. Casting is done in metal chills. Theyinvestitii mari. Turnarea se realizeadn cochile
have a relatively simple construction. The metalice. Acestea au 0 constiigcsimph. Se pot
procedure allows the manufacturing of balls fromobtine bile din orice material. Este poskbil
any material. Further, balls with superficial gextti  obtinerea de bile cu gradient de propiietla
properties can be obtained (e.g. balls with asuprafsi (de exemplu bile din foatcenuie cu strat
superficial layer of white cast iron). The efficign  superficial din forit alba). Randamentul de utilizare
of liquid metal utilisation in casting is high. al metalului lichid la turnare este foarte mare.
Productivity is high. Manufacturing costs is Aceasta este posibil deoarece nu sunt necesare
reduced. retele de turnare. Productivitatea este ridicat

Costurile de fabriggée sunt reduse.
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Manufacturing of full metal balls by gravity Turnarea gravitgonak de bile pline in forme
casting in sand moulds (P2). This is the mostdin amestec de formare (P2). Este procedeul de
frequently utilised procedure in industry. Castingturnare cel maiaspandit in constrgi@a de maini.
can be manual casting (in less equipped shops) droate fi aplicat sub forinde turnare manual(in
mechanised (in modern foundries). Theateliere mai ptn echipate) sau sub foidm
manufacturing of hollow balls by this procedure is mecanizat (in turritorii moderne). Otinerea de bile
not recommended, as it would entail using innergoale prin acest procedeu nu este recomandat
cores. The utilisation of cores would considerablydeoarece ar necesita folosirea de miezuri intexioar
complicate the technological process (due to cordltilizarea de miezuri ar complica considerabil
manufacturing, assembling in the mould andprocesul tehnologic (este necésaxectia miezurilor,
eventually their extraction). The casting of fudllls  asamblarea in forin extragerea miezurilor din piese
is achieved by means of simple equipment (modelsjupi turnare). In cazul tuemi de bile pline
mole supporting plates, etc.). Are necessandispozitivele sunt simple (modele,apl portmodel
equipment currently existing inner foundry. No etc.). Se utilizeazinstalaiile existente Tn mod curent
investment in installations is required. The In turratorii. De aceea nu sunt necesare inyiesti
manufacturing of balls with structure and propertyinstalgii. Obtinerea de bile cu gradient de strutsir
gradient (as in the case of cast-iron parts) wouldroprietiti (in cazul pieselor din fod} ar necesita
entail using exterior coolers, what would utilizarea de citori exteriori, ceea ce ar complica
significantly complicate the technological process.mult procesul tehnologic. Pot sapai defecte de
Defects known as “displacement in the separatioiurnare de tip “deplasarea in planul de sejmra
plane” could occur. The yield of liquid metal Randamentul utilirii metalului lichid la turnare este
utilisation in casting is small because of thergggi  redus, datordt reelelor de turnare. Procedeul de
Casting in sand moulds also impacts on theurnare in forme pe bazle nisip are impact negativ
environment (polluted foundry shop atmosphereasupra mediului nconjator (prin  poluarea
and the quantity of moulding materials removedatmosferei in ateliere de turnafieprin cantitatea de
from the technological flow). materiale de formare scoase fluxul tehnologic).

Forging or die-forming full metal balls (P3). Forjarea sau matdrea la cald a bilelor
Forging (die-forming) is a widely deployed metalice pline (P3). Forjarea (madnea) este un
procedure in industry. The procedure includesprocedeu de fabrigi@ mult utilizat in constru@ de
operations like cutting, heating, die-forging, masini. Obtinerea bilelor prin acest procedeu
deburring and finishing. This procedure is noteiit cuprinde ca opeti debitarea, Tin@izirea,
for the manufacturing of balls of any material (e.g matritarea, debavurarea, ajustarea. Acest procedeu
from cast iron or other fragile and brittle mate&sja nu permite obinerea bilelor din orice material (de
Productivity is high, but beneath that of centrdlug exemplu din forit sau alte materiale fragile sau cu
casting. This procedure require a forging hammer oplasticitate redug. Productivitatea este ridicatdar
press, equipments currently existing inner forging mai redus decét la turnarea centrifugalUtilajele
pressing works. The devices (dies) are subject tmecesare sunt ciocane de matrsau prese, utilaje
strong dynamic strain and increased wear. The diesare exist curent in atelierele de forjare - mgre.
are complex and cost-intensive. Dispozitivele (mattele) sunt supuse la soliit

dinamice puternicesi au grad de uzare ridicat.
Matritele sunt mai complexe, trebuie executate din
aliaje specialgi au costuri mai ridicate.

Manufacturing (hollow) metal balls by casting Realizarea bilelor metalice (goale) prin turnare
of semi-balls and assembling by welding (P4). Thede semibilesi asamblare prin sudare (P4). Imglic
advantages and disadvantages are the same asaicelea avantajesi dezavantaje cai procedeul P2.
procedure P2. The casting of semi-balls and theifurnarea de semibilg asamblarea ulterioarprin
subsequent welding together, while holding thesudare are avantajul ce pot obine bile goale prin
benefit of manufacturing hollow balls by casting turnare, dar apare dezavantajul introducerii unei
has the disadvantage of additional operation®peraii suplimentare (sudargi ajustare). Aceasta
(welding and finishing). This causes a decrease imonduce la swlerea productivitii si la cresterea
productivity and increased manufacturing costs.  costurilor de fabricge.

Manufacturing (hollow) metal balls by forging Realizarea bilelor metalice (goale) prin forjare
of semi-balls and assembling by welding (P5)de semibilesi asamblare prin sudare (P5). Imglic
involves the same advantages and disadvantages aselea avantajesi dezavantaje csi procedeul P3.

209



RECENT, Vol. 16, no. 3(46), November, 2015

procedure P3. Die-forging of semi-balls Matritarea de semibilgi asamblarea ulterio&rprin
subsequently welded together has the advantage stidare are avantajul se pot obne bile goale prin
obtaining hollow balls by plastic forming, while deformare plasti; dar apare aceladezavantaj al
incurring the same disadvantage of additionalunor operéi suplimentare (sudarei ajustare) cu
operations (welding and finishing) impacting on implicaii asupra productiviiii si costurilor de
productivity and manufacturing costs. fabricgie.

The two latter variants — manufacturing Ultimile doua variante — realizarea bilelor
(hollow) metal balls by casting of semi-balls andmetalice (goale) prin turnare de semibilg
mechanical assembly (by screws) (P6) andasamblare mecariigprinsuruburi) (P6)si respectiv
manufacturing (hollow) metal balls by forging of realizarea bilelor metalice (goale) prin forjare de
semi-balls and mechanical assembly (by screws$emibilesi asamblare mecaridprin suruburi) (P7)
(P7), respectively — are similar to variants (Pddl a — sunt ase#nitoare cu variantele (P4) respectiv
(P5), respectively regarding the manufacturing of(P5) din punct de vedere al toterii semibilelor.
the semi-balls. They differ by the modality of thei Ele difed prin modul de asamblarg rigidizare a
assembling and fastening inside hollow balls.acestora in bile goale la interior. Asamblakga
Assembling and fastening by screws is lesgigidizare prinsuruburi este mai pgin productiva si
productive and more cost-intensive than welding. mai costisitoare decéat solidarizarea prin sudare.

5. Establishing and ranking the criteria of 5. Stabilireasi ierarhizarea criteriilor de
comparison comparatie
The criteria of comparison detailed below were Avand in vedere ceriale care se impun bilelor
established by taking into consideration thedestinate morilor de #gcinat s-au stabilit urtoa-

requirements of mill balls: rele criterii de compatee:
C1 — material consumption per product unit; C1 — consum de materiale pe unitate de produs;
C2 — duration of execution per product unit C2 — durat de exectie pe unitate de produs
(productivity); (productivitate);
C3 — manufacturing cost per product unit; C3 — cost manopa&de fabricgie pe unitate de
C4 — cost of the necessary devices per product unit produs;
C5 — impact on the environment; C4 — cost dispozitive necesare pe unitate de produs
C6 — the possibility of processing adequate mdgeria C5 — impact asupra mediului;
for mill balls; C6 — posibilitate de a prelucra materialele adexvat
C7 — the possibility of ensuring the properties realizarii bilelor pentru mori de macinat;

required for adequate deployment (hardness, weaC7 — posibilitate de a asigurare progiidst de

strength, ball mass) of the end-product at lowest utilizare (duritate, rezistg¢hla uzare, masa bilei)

possible costs; ale produsului final cu costuri cat mai reduse;
C8 - the investment required for the implementationC8 — investii necesare pentru implementarea

of the process (investment for devices, equipment, procedeului (in dispozitive, utilaje, etc. pe utdta

etc. per product unit); de produs);

C9 - reliability of the end-product (service lifane C9 — fiabilitatea produsului final (durata de
until removal of the balls from operation); fundionare, de scoatere a bilelor din uz);
C10 — work safety (risk of accidents during C10 — protega muncii (pericol de accidente in

manufacturing). timpul procesului de fabrici).

The criteria established for the comparative Criteriile stabilite pentru analiza comparéatia
analysis of the manufacturing variants are notvariantelor de fabrigee analizate nu au aceea
equally important. The importance (weighting) of importana. Cuantificarea importaei (ponderii)
the criteria in view of their ranking is set by criteriilor in vederea ierarhiri acestora se face prin
calculating “weighting coefficients” Y The calculul unor ,coeficiett de pondere” Y Ponderea
weighting of the criteria is set according to acriterilor se stabilge pe o “grii cu 3 valori”
“3-point-grid” (the corresponding values being “0”, (valorile sunt “0"; ,0,5"si ,1"). Se lucreaz tabelar.
“0.5” and “1”). A square table is set up, with the In acest scop se atcieste un tabel fitratic, avand
same number of rows and columns equal to theumarul liniilor egal cu nurarul coloanelosi egal cu
number of criteria bkt. (The number of criteria numarul criteriilor Ncrr (Ncrr reprezind numarul
Ncrr in the present study isdir = 10). criteriilor, Tn cazul de f& Ncgrr = 10).
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The criteria are compared two by two, and of Criteriile se compdr doui cate dod, stabilind
each such pair the one more important forcare dintre ele este mai important pentru evaluarea
evaluating the analysed variants established. Eachariantelor analizate. Fiecare criteriu de pe @elin
criterion on a row is compared to each criteriomof este comparat cu fiecare criteriu de pe cadloan
column and a value (a coefficient) is assignedacordandu-se o valoare (un coeficient) in raport cu
according to the criterion’s qualitative importance importana calitativa a acestora. Completarea
The table is filled in by the following rules: tabelului se face dapregulile urnatoare.

- If the criterion on a given row is more important - Dad criteriul de pe linie este mai important decéat
than the criterion on the corresponding column, it cel de pe coloat in tabel se atribuie valoarea ,1”;

is assigned value “1”; - Daa criteriul de pe linie este la fel de important ca
- If the criterion on a given row is equally impemt si cel de pe coloan se atribuie valoarea ,0,5";
as the criterion on the corresponding column, it is - Dac criteriul de pe linie este mai i important
assigned value “0.5"; decét cel de pe coloarse atribuie valoarea ,0".
- If the criterion on a given row is less important - Cand un criteriu se comgiacu el Indsi se atribuie
than the criterion on the corresponding column, it valoarea 0,5. in consec¢immatricea rezultédtare
is assigned value “0". pe diagonala principalalorile 0,5.
- When a criterion is compared to itself, valueie.5 Suma tuturor valorilor dintr-un astfel de tabel
assigned. Hence the main diagonal of the matrix este totdeauna egalcu jumitate din gtratul
will display values 0.5. numirului de criterii. Tn continuare se Thsumaae

The sum of all values of such a table is alwaydfiecare linie punctele din dreptul figwi criteriu. Se
equal to half of the squared number of criteria.stabilgte astfel nurirul punctelor obnute de
Further on along each row the points assigned tfiecare criteriu. Se ordoneagriteriile Tn fungie de
each criterion are added. Thus the obtained scorgmuinctajul oinut. Importama unui criteriu este dat
by each criterion are establishing. The criteria ar de locul ocupat Tn acest clasament. Locul ocupat
ranked by their scores. A level of importance isreprezini numirul de nivel al importaei
assigned according to the position held in thiscriteriului respectiv. Dat dou sau mai multe
hierarchy. If two or more criteria obtain the samecriterii oltin acelai numar de puncte, nuanul
score, the position held will be the same and idocului ocupat este acslasi se calculeax ca fiind
computed as the arithmetic mean of the positionsnedia aritmeti&# a locurilor care revin acestor
held by these criteria. For example, if two crieri criterii. De exemplu, dacdou criterii okyin acelai
obtain the same score and rank on positions 2 and Bunctaj si le revin In clasament locurile & 3,
then the level of importance assigned to themis 2. atunci nurdrul de nivel al importagei care se
If three criteria are on positions 3, 4 and 5tlalee  atribuie este 2,5. Dadrei criterii ocug locurile 3,
will be assigned score 4. 4i 5, la toate trei se atribuie punctajul 4.

Further, in according to the obtained values In continuare pe baza rezultatelortiobte la
concerning criterion importance analysis, isanaliza importagei criteriilor se calculedz
calculated the weighting coefficient of the criteri coeficientul de pondere al criteriilor. Coeficignle
The weighting coefficients “Y of the criteria can pondere “Y’ al criteriilor se pot calcula cu diverse
be computed by various mathematical formulaerelaii matematice. Rel@a recunoscuat pe plan
Globally recognised the “FRISCO formula”, an mondial ca fiind cea mai performénéste numit
empiric relationship developed by a San Franciscdrelatia FRISCO" (relde empirici da& de un grup

creation group: de crede din San — Francisco, USA):
+m+ 05+|A
Pldu -3 @
|Ap}+ Negr /2
where: unde:
* p — the sum of points obtained by the considered p — suma punctelor @gbute pe linie de criteriul
criterion on a row; respectiv;

» Ap — the difference between the score of thee Ap — diferema dintre punctajul criteriului luat n
considered criterion and the score of the criterion calcul si punctajul criteriului de la ultimul nivel
ranking last. If the considered criterion is exactl  (ultimul loc n clasament). Dacelementul luat Tn
the last ranking oneyp will be “07; calcul este chiar cel situat pe ultimul nivel, fezu

valoarea “0”;
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* m — the number of outranked criteria, i.e. thee m — nunirul criterilor surclasate (criterii care au
number of criteria with lesser scores than the punctaj mai mic decéat elementul respectiv);

considered criterion; ¢ 0.5 — coeficient fix;
* 0.5 —fixed coefficient; * Ncrt — nundirul total de criterii luat in considerare
* Ncrr — the total number of considered criteria (in  (in cazul de f@ Ncrr = 10).

this study Nrr = 10). « Ap’ — diferena dintre punctajul criteriului luat in

» Ap’ — the difference between the score of the calcul si punctajul criteriului de pe primul loc
considered criterion and the criterion rankingtfirs  (rezulé o valoare negatl). Daa elementul luat n
(the value of Ap’ will be negative). If the calcul este situat pe primul loc (nivel) atunci fpen
considered criterion ranks first, thap’ will be 0. Ap’ rezult valoarea “0”.

Conducting an objective and correct Compararea obiectivsi corecti a importagei
comparison of the relative importance of the cater relative a criteriilor este determinamgentru rezultatul
is decisive for the final result of the analysisble final al analizei. Compararea calitétia importarei
1 illustrates the qualitative comparison of therelative a criterilor nominalizate mai sus in vese
relative importance of the above described criterizanalizei performaglor variantelor analizate in cazul
in view of analysing the performance of the variantelor de fabricare a bilelor destinate moride
manufacturing variants of mill balls. Table 2 macinat este datin Tabelul 1. Tn Tabelul 2 sunt date
features the computed results of the weightingezultatele privind calculul coeficientului de penel
coefficients assigned to the criteria. al criteriilor.

Table 1. Results of the individual comparison dtiecia importance for the seven analysed variants
Tabelul 1. Rezultatele compdri individuale a importagi criteriilor pentru analiza variantelor de falagie analizate

Criteria | TotaI'Score
Ci Cl| C2 C3| C4| Ch Cg C C8 CP Cl1l0 (points) Rank
p
Cil 05| 05| 1.00 05 1. 1.0 10 05 140 1.0 8.0 , 8,4
C2 05| 05| 1.00 05 1. 1.0 10 05 140 1.0 8.0 , B, 4
C3 0 0 0.5 0 1.00 1.0 1.0 0 0 d 3.5 7
C4 05| 05| 1.0 05 1. 10 10 05 10 1.0 8.0 ,B,2
C5 0 0 0 0 0.5/ 1.0 0 0 0 0 15 9
C6 0 0 0 0 0 0.5 0 0 0 0 0.5 10
C7 0 0 0 0 1.0/ 1.0 0.5 0 0 0 2.5 8
C8 05| 05| 1.00 05 1. 1.0 10 05 140 1.0 8.0 , B, 4
C9 0 0 1.0 0 1.00 1.0 1.0 0 05 0|5 5.0 5, 6
C10 0 0 1.0 0 1.0 1.0 1.0 0 05 0|5 5.0 5, 4
Table 2. Computed results of the weighting coedfit$ Y assigned to the criteria
Tabelul.2. Rezultatele calculului coeficidor de pondere Yasociai criteriilor
Criteria | Score,| Meanrank, Ap= Number qf . Total .““mber of Ap’ = Weig_h_ting
Ci 0 i = D - pn outranked criteria criteria, = D — e coefficient,
m NcrT Yi
C1l 8.0 2.5 7.5 6 10 0 4.400
C2 8.0 2.5 7.5 6 10 0 4.400
C3 3.5 7.0 3.0 3 10 -4.5 1.315
C4 8.0 2.5 7.5 6 10 0 4.400
C5 1.5 9.0 1.0 1 10 -6.5 0.347
C6 0.5 10.0 0 0 10 -75 0.080
C7 2.5 8.0 2.0 2 10 -55 0.666
C8 8.0 2.5 7.5 6 10 0 4.400
C9 5.0 55 4.5 4 10 -3.0 1.750
C10 5.0 55 4.5 4 10 -3.0 1.750

Remark / Obsentee: pmax= 8, pmin= 0.5
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6. Analysis of the extent to that the 6. Analiza indeplinirii criteriilor de c atre
considered variants satisfy the criteria variantele analizate
This step of the multiple-criteria analysis In cadrul acestei etape a analizei multi-

entails assigning grades or scoresj;)(No the criteriale se acokd note N; pentru variantele
analysed variants (index J) as to how they satisfyanalizate (indice J) Tn raport cu satisfacereaifigc
each criterion (index i). The grades scores are alscriteriu de analiz (indice i). Notele acordate se mai
known as ‘importance scores’ or ‘contribution numesc note de importg@rsau note de contrilie a
scores” of each criterion. They have to be integersiecarui criteriu. Notele trebuie asfie un nunir
from 1 to 10. Each variant is analysed in turnthe  intreg de la 1 la 10. Se analizég®e rand fiecare
sequence of index “J” (here “J” ranks from 1 to 7)variant (indice “J”, in cazul de fa J = 1-7)si se
and scores are assigned in relation to each oniteri acordi not in raport cu fiecare criteriu (indice ",
in the sequence of index “i” (here “i" ranks from 1 in cazul de f@ i = 1-10) pa#a se epuizedztoate

to 10), until all variants and criteria are exhadst variantelesi toate criterile. Notele N acordate
The scores h awarded to the seven mill ball celorsapte variante de fabritia a bilelor, analizate
manufacturing variants are analysed in Table 3. Thgunt date in Tabelul 3. Aceste note s-au acordat pe
scores were awarded based on the advantages apdza avantajelosi a dezavantajelor implicate de
disadvantages entailed by each objective in relatiofiecare obiectiv in raport cu fiecare criteriu de
to each criterion. analiz.

Table 3. Scores Nji awarded to the seven studigdns in relation to each criterion, Ci

Score N; awarded to each procedure, matched against eiaetiorr Ci
Criterion Nota Ny acordai fiecarui procedeu, n fune de indeplinirea criteriului Ci
P1 P2 P3 P4 P5 P6 P7
C1 9 10 10 9 8 10 10
C2 10 9 9 10 9 8 7
C3 10 8 6 6 10 3 2
C4 10 9 10 8 9 7 5
C5 7 8 9 8 7 10 10
C6 5 7 8 8 4 9 9
C7 10 10 10 10 10 8 7
C8 10 9 10 9 10 9 9
C9 9 9 10 9 10 8 6
C10 10 10 10 10 10 10 8
Remark: Scores were awarded according to the emidnt's degree of compliance with the given ciiter
Observde: Notele au fost acordate dumodul in care fiecare varid@nsatisface criteriul respectiv.
7. Calculation of the total value performance 7. Calculul factorului valoric total de
factor and ranking of the analysed performanta si ierarhizarea variantelor
variants (The consequence matrix) analizate (calculul matricei consecitelor)

This calculation is performed in a table called Acest calcul se efectueaintr-un tabel numit
“the consequence matrix”. For each analysedmatricea conseciglor’. Pentru fiecare variahtde
variant of manufacturing procedure matched againgproceeu de fabri¢ee analizat, in raport cu fiecare
each criterion a final value factor jF called criteriu, se calculeazun factor valoric final "',
“performance factor”, is computed. This is the numit factor de performaih Acesta repreziat
product of the awarded scorg; Nl'able 3) and the produsul dintre nota acordal; (din Tabelul 3)si
weighting coefficient of the respective criteriofy,  coeficientul de pondere al criteriului Ycalculat in

(compued in Table 2) Tabelul 2)

F;i =Y [Ny, i=1.10, J=1.7, 2)
where “J” is the index of the variant and “i” iseth unde J repreziatindicele variantei, iar i indicele
index of the criterion. criteriului.

Then, for each variant the sum of these factors  Apoi pentru fiecare variaftse calculedazsuma
is computed, yielding a total value factor "FTV  acestor factori amand un factor valoric total al
The equation utilised is: variantelor analizate "FTM
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i=10
FTV, =) F, . A3)
i=1
According to the values of this factor Pe baza valorilor acestui coeficient de performan-
(performance coefficient) the final ranking of the {a total se stabilge clasamentul final al variantelor
analysed variants is established. First ranks thanalizate. Pe primul loc se va situa varianta eaee
variant with the highest value of FTMf the values valoarea cea mai mare a factorului valoric total/ =T
of the total coefficients FTMthe sum of the scores) Daci valorile coeficiefilor totali FTV; (valoarea
of some of the variants are close, those variantsumei punctajelor) ai unor variante, sunt apropiate
ensure similar performance. Table 4 shows thénseama ci variantele respective asigyverformaie
values of the performance coefficientsdhd of the  apropiate. Valorile coeficigitor de performati Fi
total value coefficient FTYfor all analysed mill si a coeficientului valoric total FTY pentru
ball manufacturing variants, computed by equations/ariantele de fabrigee a bilelor analizate Tn cadrul
(2) and (3). The value of the total performanceacestui studiu, calculate prin rgil@ (2) si (3), sunt
coefficient FT\4is given on the last row of Table 4. date in Tabelul 4. Valoarea coeficientului total de
Figure 1 shows the results represented aperformami FTV; este dat pe ultima linie din
histograms. Tabelul 4. Rezultatele ¢hute sunt reprezentate
grafic in Figura 1, sub foriirde histograri

Table 4. Values of the performance coefficiente&rresponding to each criterion and of the totdlie factor FTY for
the analysed manufacturing procedures
Tabelul 4. Coeficietii de performari pentru fiecare criteriufsi factorul valoric total FTY pentru procedeele de
fabricagie analizate

W.Coef. P1 P2 P3 P4 P5 P6 P7

G Yi Ni | ¥vi'Ni | Ni [ ywNi | N N | Ni| N [ Ni| 7N | N | vN | N | N
Ci1 4.400 9 39.6 1( 44 10 44 ¢) 396 8 35.2 10 44 14
Cc2 4.400 10 44 9 39.6 9 39.6 10 44 9 39.6 8 35.2 B0,8
C3 1.315 10 13.15 8 10.52 6 7.89 6 7.89 10 1315 | 3.94 2 2,63
C4 4.400 10 44 9 39.6 10 44 8 352 9 39.6 7 30.8 522
C5 0.347 7 2.42 8 2.77 g 3.12 8 2.77 7 2.42 10 31470 3,47
C6 0.080 5 0.4 7 0.56 g 0.64 8 0.64 4 0.32 9 0)72 0,72
Cc7 0.666 100 6.66 10 6.66 10 6.66 10 6.66 10 6J66 8.28 7 4,62
Cs8 4.400 10 44 9 39.6 10 44 ¢) 396 10 44 9 39.6 99,6 3
C9 1.750 9 15.75 9 15.7% 10 17.b 9 1575 |10 17.5 814 6 10,5
C10 1.750 10 17.5 10 17.5 10 17.6 10 17.5 10 1y.50 | 117.5 8 14

Total value 227.48 216.56 224.91 209.51 21595 194.61 17p.34
factor FTV,

250

FTVj

200

150

100

50

Total performance coefficient,

0

1 2 3 4 5 6 7

. PL P2 P3 P4 P5 P6 P7 _ _
Figure 1. The total value performance coefficidattor), FT\4, for the analysed manufacturing variants

Figura 1. Coeficientul valoric total de perform@r=TV;, pentru variantele de procesare analizate
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9. Conclusions 9. Concluzii

The multiple-criteria analysis reveals, upon In urma analizei multicriteriale se poate
totalising, that the variant with the highest total obserd ca dupi totalizare, varianta care a totut
performance coefficient (FT)\= 227.48), that is the indicele total de performah cu valoarea cea mai
variant that satisfies best all considered critésa mare (FT\§ = 227,48), deci care satisface cel mai
P1 — manufacturing (hollow) mill balls by centrialg bine toate criteriile luate in calcul, este varmant
casting. Also variants P3 — manufacturing (solid)P1 — Realizarea bilelor metalice (goale) pentru mor
balls by forging and P2 — manufacturing (solid) bile prin turnare centrifugal De asemenea variantele
metal balls by gravity casting in sand moulds haveP3 — Realizarea bilelor metalice pline prin forjgire
close values of the total performance factor ard arrespectiv P2 — Realizarea bilelor metalice (pliprd@)
to be taken into consideration. Actually, these ardurnare gravitionak in forme din amestec de
the variants deployed at present, as the centfifugdormare au ofinut un factor de performgh total
casting installation with three rotation axes il at  apropiatsi meritd si fie luate in considerare. De fapt
novelty, patented and in its pilot phase. acestea sunt variantele folosite in prezent, cargm

a faptului @ instalaia de turnare centrifugaku trei
axe de rotge reprezint inGi 0 noutate, brevetasi
in faz de instalde pilot.

The results of this study show that the Rezultatele acestui studiu a@af realizarea de
manufacturing of hollow balls by three-axis bile goale prin turnare centrifugadlup dou sau trei
centrifugal casting lends itself to other indudtria axe de rotge i poate gsi aplicaie si in alte ramuri
branches too (e.g. bearing balls manufacturingple construgei de maini (de exemplu in industria de
where spherical metal elements (balls) are widelyffabricgie a rulmegilor) unde elementele metalice
used. sferice (bile) sunt utilizate pe sédarga.

Ideas that at first glance appear impossible or Idei cu aspect de imposibilitate sau inutilitate la
useless (e.g.three-axis centrifugal casting) cad fi prima vedere (de exemplu turnarea centrifégel
unexpected applicability and yield significant trei axe de rotge) isi pot dgisi aplicaii neasteptatesi
economic effects. pot conduce la efecte economice mari.
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