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Abstract. This paper present a new approach forRezumat. Aceasi lucrare propune o ndéuabordare

optimizing the loading level of the work centers an
manufacturing system or supply chain. The loadagl
problem is solved when the following information is

pentru optimizarea gradului de #incare al utilajelor de
fabricgie in cadrul unui sistem de fabrieasau lande
aprovizionare. Problema gradului de drmare este

available: how many parts can be produced at eachezolvai cand urmitoarele informéi sunt disponibile:

resource and from each material, considering thengi
time span, the routing file with more alternatizesl the
product mix based on the customer orders. In thgep
optimization is based on the adoption of matrixcahls
combined with linear programming simplex algorithm.
The opportunity of such a model is that the cladsrRP
data structure is directly manipulated with thepmse of
obtaining the loading level and the production céya
The results are used in the rough-cut capacitynitay,
budgeting process, and customer order confirmation.
addition, the facile integration in MRP systems isital
point. The model was created also to serve a faagety
of manufacturing systems.

Keywords: loading level, alternative routings, MRP
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1. Introduction

The finite capacity planning is one of the most
managing manufacturing este unul dintre cele mai importante subiecte in

important topics in

cate piese pot fi produse la fiecare resyrgin fiecare
produs finit, considerand intervalul de timp dahseele
tehnologice alternativg mixul cererii de produse bazate
pe comenzile clientului. In aceasiucrare, optimizarea
se bazeavrpe adoptarea calculului matriceal combinat cu
algoritmul de programare liniaisimplex. Avantajul unui
astfel de model estei structura clasic MRP este direct
manipulai cu scopul de a gime gradul de Trizcaresi
capacitatea de prodie. Rezultatele sunt folosite in
planificarea capaditii de produgie pe termen medisi
lung, in procesul de bugetagiein confirmarea comenzii
catre client. De asemenea, integrarea fatil sistemele
MRP este un punct esgal. Modelul a fost creat pentru a
deservi o varietate cat mai mare de sisteme de&ier

Cuvinte cheie:grad de Tnircare, traseu alternativ,
sistem MRP, planificarea capatit, Simplex

1. Introducere
Planificarea finif a capacitilor de produge

systems and supply chains. To define the productiogestiunea sistemelor de fabtiea Definind capacita-

capacity it can be said that it is the maximum attp

tea de produe, se poate spuneicaceasta

of a system that can be produced in a certaimeprezini cantitatea maxith ce poate fi produas
product mix, in a given time span and with theintr-un anumit interval de timp, respectand un

available resources. With other words,

production capacity illustrates how many units candisponibile.

theanumit mix al cereriisi tindnd cont de resursele

Cu alte cuvinte, capacitatea de

be produced from each product in a given unit ofprodugie araii cum pot fi produse mai multe ufit

time.

The subject cannot independently exist and

de produs intr-un interval de timp dat.

Acest concept nu poate exista Tn mod

therefore it appears in strong connection withindependent, el fiind mereu asociat cu planificarea
several adjacent topics such production planningi programarea prodtiei, investiii in vederea

and control, master planning, scheduling, capacityextinderii

capacittii de produgie si cererea

investments, budgeting processes, market demarekisteni pe piaa. Casi domeniul, conceptul poate

and fulfilment.

Adjacent keywords and concepts related to the
topic are: capacity management, capacity planning;apaciftilor

capacity requirements plan,
capacity available and capacity required.

The use of the production capacity appears in

fi incadrat in Supply Chain Management, Ingineria
Industriak si Managementul Opetianilor.

Concepte adiacente planifiti finite a
sunt: managementul capdi,
capacity control,planificarea capaditii, planul necesarului de

capacitate, controlul capaitii, oferta de capacitate
si necesarul de capacitate.

Utilizarea conceptului de capacitate de

the long, mid and short term planning, investmentgprodugie apare in planificarea pe termen scurt,
and budgeting processes, make or buy decision andediusi lung, procese de investisi de bugetare,
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customer orders. Hence the order to better manag#ecizii de tip fac sau cumip si in comenzile

this activity in the management of production clientilor. De aici rezuli si scopul de a organiza cat

systems [1]. mai bine aceastactivitate de gestiune a sistemelor
de produge [1].

Arnold, Chapman, and Clive (2008) divide the Arnold, Chapmansi Clive (2008) Tmpart
capacity concept in two categories: capacityconceptul de capacitate 1Tn dou categorii:
available and capacity required. The capacitycapacitatea necegarsi capacitatea disponilil
available is maximum volume of goods that can beCapacitatea de prodjie disponibif este volumul
produced in a given time span. The capacitymaxim de bunuri ce poate fi produs intr-o perioad
required is the capacity of the system needed tde timp dai. Capacitatea de prodig necesdreste
produce a desired output in a given period [2]. capacitatea necegarproducerii unui volum de

bunuri dorit ntr-o perioadde timp [2].

Solving the production capacity determination Problema capaditii de produgie presupune
means to determine the capacity required andleterminarea capasiii de produgie necesdr si
available at resource and material level and talisponibik la nivel de utilaj de fabrigee si la nivel
determine the loading level of every resource inde produs finiti determinarea gradului de #rcare
order to monitor the bottleneck, considering theal utilajelor Th vederea monitotdi locului Tngust,
product mix and time constraints. In order toconsiderand mixul cererii existegit constrangerile
optimize the capacity utilization by increasing it, legate de timp. In vederea Tmbatinirii utiliz arii
routing files with more alternatives should be capaciitii de produgie sunt consideratg traseele
considered. tehnologice alternative ale reperelor sistemului.

As inputs to the problem, there are the classical Casi date de intrare sunt considerate structurile
data structures from any MRP system. In this papeclasice de date folosite Tn orice sistem MRP. in
are considered as inputs: the bill of materialg, th aceast lucrare sunt considerate ca fnir lista de
routing file with more alternatives related materiale, variante alternative ale traseelor
technological cycle times, the structure of demandehnologice cu timpii de ciclu afengnstructura
and the period considered or analysis. The outputsererii si perioada de timp considefatpentru
of the model are: the capacity available and theanaliz. Ca si iesiri ale modelului propus sunt:
capacity required of finished product level and thecapacitatea de prodie disponibi& si necesat la
loading level of each resource. Transforming thenivel de produs finiti gradul de Tnércare la nivel
inputs in outputs is done by matrix calculus and byde utilaj de fabricge. Transformarea intrilor in
formulating a linear programming problem solvediesiri este realizat prin calcul matricialsi prin
by the Simplex algorithm. formularea unei probleme de programare liiar

rezolvabik prin algoritmul Simplex.

2. Literature review 2. Stadiul actual
The specialized literature offers, at a first look, Literatura de specialitate ofeda o prind privire,

a very good and complete theoretical image of the imagine teoretic complef a conceptului, dar este
concept but which is mainly word-based presented.indeosebi prezentabazandu-se pe expuneri teoretice.
Arnold, Chapman and Clive (2008) present the  Arnold, Chapmansi Clive (2008) preziri

analysed concept in a tight correlation with theconceptul analizat Tn corel@ strang cu subiectul
production planning subject in an MRP environment.planificarii  produgiei ntr-un mediu MRP. O
Zandin (2001) proposes a similar approach. As wasbordare simildreste propusde Zandin (2001). #a
said, there are actually two important concepts: thcum s-a mai spus, existde fapt doa@ concepte
capacity required and the capacity availableimportante: capacitatea de progemecesdrsi cea
Depending on the time span there are differentsplandisponibii. Depinzand de intervalul de timp exXist
for the capacity such as the resource plan foloig  diferite abordri pentru capacitatea de prodec
term range, the rough-cut capacity plan for theprecum planul strategic, planul opgoaal si cel
medium range and the capacity requirements plan fdactic, precunsi planificarea necesarelor de material
the short range. As technical calculus, the appr@gac pe termen scurt. Abordarea calculului tehnic se fac
by using the classic MRP calculus and concepts [3]. utilizAnd calculuki conceptele MRP-ului clasic [3].
Harris, Lewis and Cook (2002) who used the O abordare interesa@ngi originali este cea a lui
matrix formulation in order to completely describe Harris, Lewissi Cook (2002) care au folosit formula
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the BOMs and use this information further for the matriceai cu scopul de a descrie listele de mategiale
calculus of the capacity, which is also expresasd, de a folosi informga mai departe pentru calculul
a matrix make an interesting and original approaclttapaciiti de produg@e, care estesi el exprimat
[4]. matriceal [4].

There is a special category of approaches Existi o categorie spectalde modele care
during linear programming. Billington, McClain abordeaZ domeniul utilizand tehnicile prograimi
and Thomas (1983) formulated a capacity-liniare. Billington, McClainsi Thomas (1983) au
constrained MRP system as a mixed-integeformulat un model de planificare fii capacitii
program (MIP) [5]. The limitations of the proposed de produge folosind conceptul de mixed-integer
model are that there are not any lot size condtrain program (MIP) [5]. Limitirile modelului propus
and there is the same lead-time structure. Sum arglint acelea a nu exist constrangeri privind
Hill (1993) described a method that adjusts loésiz dimensiunea lotulusi ca existé aceed duraé de
to minimize set-ups and determines the start angrelucrare a lotului. Surgi Hill (1993) au descris o
finish times of production orders while considering metod: care ajusteazdimensiunile lotului pentru a
capacity constraints. The algorithm splits orminimiza reglajelesi care determid timpii de
combines production orders to minimize set-up angrodugie initiali si finali considerand constrangerile
inventory cost [6]. Tardif and Spearman (1997)capacifti. Algoritmul divizeaz sau combin
proposed a computationally fast procedure, which i€omenzile de prodtie pentru a minimiza reglajele
labeled MRP-C. It starts with a production capacitysi costul stocului [6]. Tardi§i Spearman (1997) au
aggregated formulation, which is then solved via gpropus o metaidlde calcul rapidl denumii MRP-C.
greedy heuristic algorithm. The resulting solutisn Problema este abordatu o formulare agregata
then disaggregated via a second heuristic algorithroapaciitii de productie, care este rezobvatilizand
[7]. Nagendra and Das (2001) propose a modehlgoritmi greedy. Folosind o a doua eurigtic
where the MRP progressive capacity analyzerezultatul olinut este apoi dezagregat [7].
(PCA) procedure, in which finite capacity planning Nagendrasi Das (2001) propun o proceduMRP
and lot sizing are performed concurrently with thenumiti analiza progresiiv a capacitii Tn mediul
expansion of the list of materials (MRP BOM (PCA), in care planificarea fidita capacitii de
explosion process) [8]. produgie si determinarea #rimii lotului de

fabricgie sunt realizate Tn paralel cu procesul de
expansiune a listei de materiale (MRP BOM
explosion process) [8].

Taal and Wortmann (1997) made a literature  Taalsi Wortmann (1997) au realizat un studiu
survey in the field of integrating MRP and thetini al stadiului actual Tn domeniul MR planificarea
capacity planning [9]. finita a capacitii [9].

Drift (1993) integrates a number of methods to Drift (1993) a dezvoltat o serie de metode
solve capacity problems, which are detected after @entru rezolvarea problemelor de capacitate ce apar
MRP run. A number of heuristic algorithms are in urma ruirii procesului MRP. Sunt prezenitgi
described and tested. A weakness of this approadestai o serie de algoritmi. Una din lindiile acestei
is that it solves capacity problems after MRP runabordiri este & problemele sunt rezolvate dup
[10]. rularea procesului [10].

As a conclusion, we can say that there is no  Ca 0 concluzie, se poate spurienu exisi o
established method, which takes into account almetodi consacrdat care & tini seama de toate
capacity constraints, to solve the problems ofrestrigile de capacitate, Tn vederea rezoiv
planning. problemelor de planificare

3. Proposed model 3. Modelul propus

The problem formulation proposed to be solved Formularea problemei propuse pentru rezolvare
by the model is: being givemt materials of which  este: fiind daten produse finite care sunt prelucrate
“n” materials are finished goods, which arepe k utilaje de fabricde, se cere determinarea
processed overk' resources, it is required to capaciiti de produgie necesdr si disponibik la
determine the capacity available and required ahivel de material, precursi determinarea gradului
material level and to determine the loading leeel f de inércare al utilajelor de fabrigie, tindnd cont
each resource, by considering the given time spade structura data cereriisi de perioada conside#at
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and product mix. The single stage BOM and thede timp. Se consid&r cunoscute traseele
routing file with more alternatives are consideted tehnologice optimei cele alternative.
be known.

To clarify the idea of alternative technological Pentru a clarifica ideea de traseu tehnologic
route, it has to be said that one product may balternativ, trebuie spusacun produs poate fi
processed using different resources with differenprelucrat prin utilizarea resurselor diferite, cu
technical and economical performances. Bydiferite performatge tehnicesi economice. Prin
processing every material on its optimal prelucrarea ori@rui reper pe traseul tehnologic
technological route, it does not mean that ther@nti optim, aceasta nu Tnseainoa intregul sistem de
manufacturing system is working optimally. In produgie este optim. Pentru a optimiza utilizarea
order to optimize the capacity utilization, more capaciitilor, trebuie luate n considerare mai multe
variants of the technological route are considered. variante ale trasee tehnologice.

A holistic approach means to see the entire O abordare holistic presupune abordarea
system as a whole without reducing it to the sum ofntregului fira reducerea sa doar ca sum prtilor
its parts. This idea is the starting point in depglg  sale componente. Aceasidee este caracteristica
the current model. Transposing the concept foprincipai a modelului propus. Transpunand
determining the production capacity, its calculatio conceptul Tn cazul deterndini capacititi de
is intended for the entire system and not gettingorodugie, se dorgte calculul acesteia pentru intreg
them in determining the capacity of the sistemul si nu olfinerea ei prin determinarea
manufacturing equipment level. capacittii la nivel de utilaj de fabrigge.

Inputs Date de intrare

The novelty is that all the inputs are expressed Noutatea esteactoate intérile sunt exprimate
using the matrix concept. As it can be seen, thdolosind o transpunere la nivel de matrice. drike
inputs are the Routing Files, the available timd an sunt traseele tehnologice, cererea de prodiise

the order book information. timpul disponibil considerat, dépmodelul de mai

* R ={Ry, R, ..., R} is the set of all the materials jos.
considered in the model; * R ={Ry, R, ..., R} multimea produselor finite;

e U ={Uy Uy ..., U} is the set of the resources = U = {Ui, Uy ..., U} multimea utilajelor de
considered to process the’ materials; fabricaie;

* (TV)nk = (E(V)i)ne Wheret(v); is the cycle time of  * (Tv)nx = ({t(V)i)nxe Undet(v); este timpul de ciclu al
material §” on resource j, considering the materialului j” la utilajul ,j” considerand
routing ,v"; traseul tehnologicy)’;

* Qs = (dy)xm Wheredy is the required quantity, in ¢ Qs = (dy)um Unde dy este cantitatea necesain
units, for material j,’; unitati, pentru materialulj,’;

* C = (cy)wk Wherecy is the available time for < C = (cy)1« Undecy; este timpul disponibil pentru
resourcej,’; utilajul ,,j";

k k
* =) represents the sum of the total* q=> q; reprezini cererea totédlde produse, in

i=1 i=1
requirements, in units. unitati.
Step 1: Determining the available capacity usireg th Pasul 1: Determinarea capagit disponibile
Simplex algorithm. utilizand algoritmul Simplex.
First, will be explained more detailed the Mai intai, va fi explicat mai n detaliu

concept of a routing file with more alternativebeT conceptul de traseu tehnologic alternativ. Ideea de
basic idea is that a material can be processed Hyaz este & un reper este procesat uinnd un
following a route, which is considered to be opfima traseu tehnologic care este considerat a fi optim.
under technical and economical considerationsDar, in afara acestuia, mai pot existalte trasee
However, there may also exist other routes, whichltehnologice care nu sunt néggt optime din punct
are not necessarily optimal but not by far. When th de vedere tehnologic, dar nu sunt nici foarte depar
production capacity has to be utilized at maximumde valoarea aceasta. Atunci cand este nevoie de
then it makes sense to use also non-optimal routedilizarea la un nivel cat mai mare a capatide

but still useful for increasing the available cdpac produgie, face sens utilizarea traseelor tehnologice
Continuing the idea, it has to be determined fehea care nu sunt optime. Continuand ideea, trebuie
material which quantity will be processed on eachdeterminat la nivelul fieaui reper ce cantitate va fi
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route with the general purpose of reaching theprelucrai pe fiecare traseu tehnologic definit, cu
maximum available capacity of the manufacturingscopul de a maximiza utilizarea capatit de
system, considering the product mix and withprodugie, considerand mixul ceregi considerand
respect to the considered time. This problem can bperioada de timp dat Aceasi problena poate fi

solved using linear programming techniques. rezolvat folosind tehnicile oferite de programarea
liniara.
Next, will be considered for every material the in continuare va fi considetatpentru fiecare

quantity, which may be produced on each routeprodus in parte, cantitatea care va fi pradps
The capacity available for every material will be fiecare traseu tehnologic in parte. Capacitatedatot
then the sum of the quantities per each route. disponibik la nivelul fiedrui produs este datde
insumarea caniitlor paniale stabilite pentru
Let be considered the matr@ with m lines  fiecare traseu tehnologic.
and p columns. The lines represent the finished Fie matriceaQ care cofine m linii si p
good materials and the columns represent theoloane. Liniile reprezidt reperele finite si
routing file alternative. An arbitrary element ¢fet coloanele reprezidt capacitatea disponibil a
matrix g; represents the quantity, in units, which istraseului tehnologic. Un element oarecaje al

processed from materiabver the routg. matriceiQ reprezind cantitatea, Tn uriti, care este
Next, it will be formulated the linear produd din materialul pe traseuj.
programming problem. The purpose of the In continuare, va fi formulat problema de

algorithm is to determine and to maximize theprogramare liniar. Obiectivul algoritmului este
available capacity. The objective function it will determinareai maximizarea capaditi disponibile.
then be: Fungia obiectiv a problemei este in rgta

m P
Max}_ > g 1)
i=1 j=1

To be noted that the sum from above is nothing De menionat &, suma de mai sus nu este
else but the total available capacity of the systenaltceva decat capacitatea disporibitotai a
obtained by summing all elements of the ma@®ix sistemului, okinutd prin Thsumarea capadiit
which means the capacity for each material andlisponibile la nivel de material la nivel de traseu
each route. tehnologic, mai exact prin fnsumarea tuturor

elementelor matriceD.

The problem restrictions are the time constraint ~ Condiiile problemei sunt constrangerile legate
and the product mix that has to be achievedde timpsi cele legate de structura cererii de produse
Relation (2) has to be written separately for everycare trebuie realizat Relaia (2) va fi scrig separat
resource. The number of equations is equal to thpentru toate utilajele de fabrita Nurmirul
resources number. This relation states that necuaiilor este egal cu cel al ndirului de resurse.
resource will be loaded more than the availableAceast relaie condiioneaz faptul @ nicio resurs
capacity expressed in time units. nu va fi ind@rcai mai mult decat capacitatea

disponibik exprima Tn unitti de timp.

m p

Z ZQij xt (i <k - 2)

i=1j=1

The available time per resource can be split in ~ Timpul disponibil la nivel de resurspoate fi

brutto available time and netto available time. Theimpartit Tn timp disponibil brutsi net. Fondul brut
brutto available time is equal with the consideredde timp disponibil este egal cu perioada considerat
period for which the available capacity is computed pentru care se deterrdirtapacitatea de procdhie
When determining the capacity available over aSpre exemplu cand se detertioapacitatea de
period of 250 days, then the brutto available timeprodugie pentru o perioadde 250 de zile, fondul
period for each resource is 250 days. Howeverbrut de timp va fi egal cu 250 de zile. Dar in
from the brutto value have to be consideredcalculul capacitii trebuietinut contsi de elemente
following aspects like the number of shifts, the ce influeneaz acest fond de timp, precum: némul
percentage of setup-time from the total amount ofle schimburi lucrat, timpii aloga reglajelor si
time and others. One way to measure and determirgchimbirilor de reper. In vederea cuantifit

170




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

the netto available time may be using the Overallcestor timpi se poate folosi indicatorul Overall
Equipment Effectiveness (OEE) indicator that canEquipment Effectiveness (OEE), indicator ce
be applied to the brutto available time. Developingconine elementele mai sus prezentate. Dezvoltarea
or presenting methods for netto available timesau prezentarea metodelor de calcul a fondului de
calculus is out of the scope of this paper. timp net nu sunt un scop pentru acéastrare.

The next step is to consider the production mix. Urmatorul pas este considerarea mixului de
The relation (3) considers the ratio between therodugie. Relaia (3) considei raportul intre cantitile
finished good products. As it can be seen, the baseperelor finite. Dup cum se poate observa, baza
is considered the first material. All others areeste considerat primul material. Toate celelalte
expressed based on it and therefore, in totalnate cantititi vor fi exprimate in funge de aceasta. In

relations: total suntm-1 relaii:
P dyj P
Zij _d_EE:qJJ =0. )
i= 11 i=1
At this point, the linear programming problem In acest punct, problema de programare liniar

is completely defined and by using the Simplexeste complet defirit iar prin utilizarea algoritmului
algorithm then the resulting matri@ is obtained. Simplex se ofine matricea rezultaf. Programele
Current computer programs, for numerical actuale de calculator, destinate calculului numeric
computation (such as Matlab), based on SimpleXcum este Matlab), bazate pe algoritmul Simplex,
algorithm, is an easy way to solve linearreprezini o cale goara de rezolvare a problemelor
programming problems. Therefore, in this paper,de programare liniér De aceea, in aceasta lucrare,
they are only inputs, and outputs linearsunt prezentate doar idtle, modelul de
programming model. In order to obtain the capacityprogramare liniar si iesirile. Pentru a determina
available in units at material level all columnsrfr  capacitatea disponildilexprimad in uniti la nivel
matrix Q are added forming matri@x of dimension de reper finit sunt adunate toate coloanele dimutad

m lines and one column. matricei Q, rezultand astfel matrice@x, cu m linii
si 0 coloar.
p
Qk =ki1=2.qj - 4)
=1
Step 2: Determining the loading level Pasul 2: Determinarea gradului dezimare

The loading level is nothing else than the ratio Gradul de ingrcare nu este nimic altceva decéat
between the capacity required and the capacityaportul dintre necesarul de capacitgteferta de
available. There can be considered two types of theapacitate. Pot fi considerate doabordiri ale
loading level, both of them with use in practiceeT gradului de Tnércare, ambele cu utilitate practic
first loading level indicator is calculated considg  Prima abordare presupune luarea in considerare a
the demand that has to be produced. The purpose oérerii ce trebuieasfie satisficuti. Scopul este de a
determining it is to see how the entire system isvedea modul in care intreg sistemul estartat si
loaded and to see the potential bottlenecks. Ade a determina eventualele locuri Tnguste. O a doua
second approach is based on the maximum quantitgbordare este bazgte cantitatea maxinde unitti
in units that the system can produde.this case de produs pe care sistemul o poate produce. It aces
only the bottleneck will be charged 100%. The aimcaz doar locul Thgust va fi Taicat 100%. Scopul
of this approach is to obtain an overview of acestei abogdi este de a ame o imagine general
charging workstations. The indicators are basedsupra inarcarii utilajelor. Indicatorii sunt otnui
relationships below. In the relations (5) and (8 a folosind relaiile de mai jos. Tn relgile (5) si (6)
determined the required capacities and in thesunt exprimate capaéitle necesare, iar in rela

relation (7) is expressed the loading level. (7) este exprimat gradul de #ncare.
Qs[T=T; (5)
Qg T =Ty; (6)
tky;
Ki=—. 7
S ()
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3. Application 3. Aplicatie

The requirement is to determine the available  Se cere determinarea capagitdisponibile si
and required capacity, and the loading level for anecesargi a gradului de Tnircare pentru un sistem
manufacturing system that is manufacturing threede produge care are un portofoliu de produse finite
products A, A;, and A over a period of 250 constand in produseleiAA2 si Az, pe o perioadl
working days. de 250 de zile.

The manufacturing system consists of eight  Sistemul de produe este format din opt
different work centers. The routing file has two utilaje de fabricae diferite. Traseul tehnologic are
alternatives presented in Tables 1 and 2. The saluadoui variante, prezentate ih Tabelelgi 2. Valorile
represent the cycle time, in minutes per unit,aahe reprezini timpii de ciclu, in minute pe unitate, ai
material on each resource. When the value is 0 theitecarui reper pe fiecare utilaj. Da® valoare este
the material does not require to be processedain thO, Tnseami ci reperul respectiv nu necesit
work center. prelucrare la utilajul respectiv.

Table 1. MatrixT 1
Tabelul 1. Matriced 1

w1 w2 W3 w4 W5 W6 w7 w8
Al 41 46.6 18.4 17.9 8.7 15.6 8.6 8.3
A2 54.4 38 17.4 4.2 15.2 18.2 9.5 7.7
A3 41 47.4 18.8 19.2 30.6 7.3 7.8 8.1

Table 2. MatrixT 2
Tabelul 2. Matriced 2

w1 w2 W3 w4 W5 W6 w7 w8
Al 41 46.6 18.4 17.9 0 24.6 8.6 8.3
A2 54.4 38 17.4 4.2 15.2 18.2 9.5 7.7
A3 41 47.4 18.8 19.2 12 27.3 7.8 8.1

As it can be observed, the difference between Dupa cum se poate observa, difegge ntre
the alternatives is at the work centers 5 and 6¢ele dod alternative sunt la utilajele § 6, utilajul
number 6 being more loaded in the second one. 6 fiind mai inércat in cea de-a doua variant

The demand (matriQs), presented in Table 3, Cererea (matrice®s), prezentdt in Tabelul 3,
is considered valid for the period of 250 days. Ineste valabl pentru perioada considetale 250 de
Table 4 is presented the netto available time fowzile. In Tabelul 4 este prezentat fondul de timp ne
each resource (matrix). la nivel de utilaj (matrice&).

Table 3. MatrixQs, total demand [units]
Tabelul 3. Matriced)s, cererea de produse [util

Al A2 A3 >

1900 2200 2 600 6 700

Table 4. MatrixC, netto available time [hours]
Tabelul 4. Matrice&, fondul de timp net [ore]

W1 w2 W3 W4 W5 W6 W7 w8
360 000 360 000 120 000 120 00Q 120 000 120 000 000 120 000
Step 1: Determining the available capacity Pasul 1: Determinarea capagitdisponibile
Will first be considered the matr@, with 3 lines Mai intéi, fie matriceaQ cu 3 linii (3 produse

(3 materials) and 2 columns (2 alternatives for thdinite) si 2 coloane (2 alternative pentru traseele
technological routes), which contains the maximumtehnologice), care cgine cantiitile maxime ce pot
guantities that can be produced on every altemativ  fi produse considerand cele dicalternative.

Second, will be defined the objective function Apoi, se defingte in relaia (8) fungia obiectiv
of the linear programming problem, by using thea problemei de programare lirdar
relation (8):

Max o1+ Gy2 + 01+ Uo2 + 031 + U32- (8)
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In the next stage, the constraints will be In etapa urditoare sunt prezentate constran-
written, according to the relation (2). This meansgerile, scrise ih acord cu rgta(2). Aceasta inseaffin
that for every work center the loading cannot beci pentru fiecare utilaj irizcarea exprimat Tn
more than the available capacity expressed in timenititi de timp nu poate fi mai mare decéat fondul de
units. All the conditions from (9) are obtainedaas timp net al utilajului. Toate congile din (9) sunt
linear combination between the quantity and cycleobtinute casi o combinaie liniarad Tntre cantiti si
time. The quantities are corresponding to thetimpi de ciclu. Cantiile corespund reperelor finite
materials and to the routing file alternatives &mel  si alternativei traseului tehnologic, iar timpii de
cycle times are corresponding to materials, routingsiclu corespund materialelor, alternativei traseulu
file alternative and work center. tehnologicsi utilajului.

W1; 41C{11 + 54.4C{Q1 + 41'C{31 + 41qlz + 54.4q22 + 41Q32 < 360 000
W2: 46.6qll + 38'C{21 + 47.4Q31 + 46.6(]12 + 38'C{22 + 47.4C{32 < 360 000
W3: 18.4Q11 + 17.4q21 + 18.8(]31 + 18.4C{12 + 17.4QQ2 + 18.8(]32S 120 000
W4 17.9qll + 4.2q21 + 19.ZQ31 + 17.9q12 + 4.2q22 + 19.ZQ32S 120 000 (9)
WS5: 8.7q11 + 15.2CIQ1 + 30.GQ31 + O'C]12 + 15.2(:]22 + 1ZQ32£ 120 000
WG6: 15.66]11 + 18.2(:]21 + 7.3Q31 + 24.6q12 + 18.2(:]22 + 27.3Q32£ 120 000
W7: 8.6q11 + 9.5CIQ1 + 7.SQ31 + 8.6q12 + 9.SQ22 + 7.8(]325 120 000
WS8: 8.3Q11 + 7.7q21 + 8.1C{31 + 8.3q12 + 7.7QQ2 + 8.1Q32S 120 000
The last sets of conditions (10) are needed in  Ultimul set de condli este prezentat in (1G)
order to obtain the product mix. Therefore, theare rolul de a dime mixul de produge. Condiiile
relation (3) will be used to obtain the ratio betwwe se oljin folosind conceptul prezentat Tn néda(3).
the materials, based on the demand.
Qo1+ Q22— 1.16q11 - 1.16q12 =0
Os1+Qe2— 1.37¢11— 1.37¢12=0
After writing the linear programming problem Dupa scrierea problemei intr-o foehte poate
in a form that can be used as input for the SimpleXi utilizata casi intrare Tn algoritmul Simplex, acesta
algorithm, this will be used to obtain the outputva fi folosit pentru determinarea matric&),
matrix Q, numerical results being presented below. rezultatele numerice fiind cele de mai jos.

(10)

1867 O
Q=/2162 O (11)
2163 392
Afterwards the matrixQx is determined with Matricea Q« este determinat cu ajutorul
the relation (4): relaiei (4):
1867
Qk =| 2162 (12)
2555
A result for the total available capacity of the In final rezult capacitatea Tntregului sistem de
system is 6584 units. 6584 unitti.
Step 2: Determining the loading level Pasul 2: Determinarea gradului dezimare

The last step in the analysis is to assess the Ultimul pas al analizei este determinarea
loading level for each work center. This is obtdine gradului de Tnarcare pentru fiecare utilaj. Acesta se
by dividing the required capacity by the availableobtine prin Tmprtirea capaciitii necesare la cea
capacity, both of them expressed in time units. Talisponibik, ambele fiind exprimate Tn ugit de
obtain the loading level for each work center, whentimp. Pentru a ofne gradul de ingcare atunci
the whole system is loaded 100%, relations (4) and¢and locul ingust este #rcat 100% se folosesc
(7) are used. The results are presented in Table 5. relaiile (4) si (7). Rezultatul este reprezentat Tn

By dividing the total demand of 6700 units by Tabelul 5.
the total capacity available of 6584 units, it is Prin Tmpirtirea necesarului total de 6700 de
obtained the loading level of the system considerin unitati la capacitatea totalde 6584 de uriti se
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the demands, 101.7%. obgine un grad de Traccare al sistemului de 101,7%.

Interpreting the results of this case, it can be Interpretdnd rezultatele, se poate spurie c
said that the analyzed manufacturing system has asistemul de proddie analizat are o capacitate
available capacity of 6584 units and cannot meet thdisponibik de 6584 de uriiti si nu poate Tndeplini
demand of 6700 units. The bottleneck of the systenmecesarul de 6700 de uiit Locurile inguste ale
is at work centers number 3 and 5. sistemului de produie sunt la utilajele 3i 5.

Table 5. Loading level (bottlenecks are loaded 100%
Tabelul 5. Gradul de Téccare (locurile inguste sunt #rcate 100%)
w1 W2 W3 W4 W5 W6 W7 W8

Required capacity

: 298 915 290 265 120 006 91 55p 119 997 94 965 86 p252 839
CapaC|tatea necegar

Available capacity

X : ... 360000 | 360000 120000 120000 120000 120000 002Q 120 000
Capacitatea disponilii

Loading level

A 83% 81% 100% 76% 100% 79% 47% 44%
Grad Tné@rcare

4. Conclusions 4. Concluzii

This paper shows that when using more Prezenta lucrare asatca atunci cand sunt
alternatives of the technological route, the cagaci folosite mai multe alternative pentru traseele
utilization and the loading level of the system aretehnologice sunt imbdtatite atat Tndrcarea
improved and also means that the available capacitgeneral, catsi capacitatea de prodiie disponibik
is increased. a sistemului.

To proof this affirmation is presented an Pentru a demonstra acest lucru este prezentat
example based on data used in the application froran exemplu bazat pe apli@ anterior prezentat
the previous section. The basic idea is to present Ideea de badz este de a prezenta in paralel
parallel the capacity and the loading figurescapacitateai gradul de inarcare considerand doar
considering only the optimal alternative of the o singué alternatii pentru traseul tehnologic, cea
routing file and the same figures but considerlmgy t optimi, iar apoi considerand mai multe alternative.
second alternative of the routing file also.

From the both alternatives presented in Tables Din cele dod alternative prezentate in Tabelele
1 and 2 it is considered that alternative 1 is thel si 2 este consideratca fiind optind alternativa
optimal one. This fact can also be seen by asgessimin primul tabel. Acest lucru poate fi de asemenea
the sum of all cycle times in both cases. The firstevaluat prin insumarea tuturor timpilor de ciclu Tn
alternative has a smaller value then the second onambele cazuri. Tn cazul primei alternative valoarea
which means that it requires fewer resources tmbtinuti este mai mig, ceea ce insearrca are
obtain the same volume. nevoie de mai pgin timp pentru a ofine acela

volum de produse.

To obtain the capacity and the loading level Pentru okinerea capacitii si a gradului de
figures when having only one way of the routingincircare céand este considérato singué
file, the same steps will be performed as beforte bualternativa, vor fi parcusi aceeai pasi considerand
usingp = 1. p=1.

In the Table 6 is presented comparatively the Tn Tabelul 6 este prezeniatcomparativ
capacity available value in both cases. As a firstapacitatea disponiliilokinuta in cele doa cazuri.
comment, indeed, the capacity was increasing by¥a un prim comentariu, ntr-ad@y capacitatea
using more alternatives with around 6%. disponibik a crescut prin folosirea mai multor

alternative cu aproximativ 6%.

Table 6. Available capacity
Tabelul 6. Capacitatea disponibil

Alternative 1 Alternative 2 Difference
Available capacity 6 207 units 6 584 units +6%
Capacitatea disponilil
Continuing the study and referring now at the Qurdnd studiuki facand referire acum la
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loading level situation, both variants can be seemradul de inércare, ambele variante sunt prezentate
below in Table 7. comparativ in Tabelul 7.

Table 7. Loading level in both cases
Tabelul 7. Gradul de Téccare n cele ddusitugii
w1 w2 W3 W4 W5 W6 w7 w8

> 78% 76% 94% 72% | 100% 68% 44% 42%

Loading level — without alternative
Grad ind@rcare — fira alternative
Loading level — with alternatives
Grad Tné@rcare — cu doualternative

83% 81% 100% 76% 100% 79% 47% 44%

The loading level, together with the available Gradul de Tn&rcare, Timpreul cu capacitatea
capacity, was increasing in the second case, whedisponibik, au crescut in al doilea caz cand sunt
using more variants for the routing files. Alsoalde  folosite mai multe variante pentru traseele
is the appearance in the second case of tweehnologice. De asemenea este de remarcatiapari
bottlenecks. doua locuri inguste simultan in cel de al doilea caz.
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