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Abstract. This paper aims to conduct a brief Rezumat. Lucrarea de fa isi propune & realizeze o
presentation, but based on examples of two differenprezentare succiiit dar bazdt pe exemple, a dd&u
methods of selecting the technological equipmedttan metode diferite de alegere a utilajelor tehnologicei
provide a completion to the method of selectioredasn  adué o completare la metoda de alegere pe baza
technology influenced costs. The completion reefers costurilor influenate de tehnologie. Completarea se
the fact, that the input parameter is not a fixeeel of  refer la faptul @ parametrul de intrare nu este nivelul fix
production, but its variation interval. Based oristh al produgiei, ci un interval de varige al acesteia. Pe
expansion, the method becomes more realistic, sinse baza acestei extinderi metoda devine mai aprbplat
able to respond to what happens when volumerealitate, intrucat este capabdh ofere un ispuns la ceea
production oscillates. A last point is representegd ce se intdmgl cand produga variaz. Un ultim punct
several different assessments on different cosatian este reprezentat de cateva aprecieri privind tiaria

in different, but equal, intervals. diferita a costului pe intervale diferite, dar egale.
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1. Introduction 1. Introducere

There are moments in the life of any company  Exisd momente in vign oricrei socieiti
where managers are in the position to make &omerciale in care condiorii acesteia se dflin
decision that is consistent with the policy andpostura de a lua o decizie, cafiefie Tn concordati
objectives. Moving through the history from a cu politicasi obiectivele. Trecand prin istorie de la o
period to another, the concepts of business approagerioada la alta, conceptele de abordare ale dtacer
is radically changed from policy oriented solely to se schimb radical, de la politici exclusiv orientate
maximize profit by minimization of production citre maximizarea profitului prin minimizarea costu-
costs, to broader policies, aimed on increasingilor de produge la politici mai cuprinitoare care
shareholders wealth by providing better services taurmaresc sporirea averii aonarilor prin asigurarea
customers, as supply and distribution efficiencyunui serviciu cat mai burate clieni, eficientizarea
through supply chain management, new approacheaproviziordrii si distribuiei prin supply chain mana-
on the concept of quality. gement, abori noi privind conceptul de calitate.

These ,upgrades” in managers thinking have an  Aceste ,modernizri” in gandirea managerilor
impact on decisions, new factors in consideringse &sfrAng asupra deciziilor, intervenind noi factori
opportunities intervene, the actual operating cost$n considerarea oportusfior, costul efectiv de
no longer being necessarily a priority. In the prés exploatare nemaifind neagt prioritar. 1n
context, for example, the Bullwhip effect that contextul actual, de exemplu, este binecunoscut
occurs in a supply chain is well known and whichefectul Bullwhip care apare intr-un supply chsin
shows that a small change in demand downstreamare evidetiaza ca o varigie mica a cererii Tn aval
results in a much greater change upstream. Itteesuldetermira o variaie mult mai mare in amonte. De
that a production system must be prepared to baici rezult ca un sistem de prodte trebuie § fie
competitive, not only in terms of costs but also topregitit nu doar & fie competitiv din punct de
absorb these demand shocks, without beingedere costuri cki sa absoarb acestesocuri ale
.seriously” affected. Considering well known and cererii, fird sa fie ,grav”’ afectat. Considerandu-se
real the fact that variations large enough incunoscutsi adevirat faptul @ varigiile suficient de
operating costs of the equipment (duet o changes imari ale costurilor de exploatare ale utilajelor
demand that disturb the unit cost of a product)datorate varigilor cererii care perturb costul
causes disturbances in the entire national economignitar al unui produs) provoacperturbai in
system of the society and the in the planning doneintregul sistem economic intern al sogigt precum
intervenes the following question: is it preferable si n planificarea realizat intervine urnitoarea
system that is more rigid to the changes in demandntrebare: este de preferat un sistem cargesmai
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or a more flexible, by which to transmit shocks?rigid la variaiile cererii ori unul mai flexibil, prin
Here’s a question that is pseudo-independent to theare & se transmit socurile? lai o intrebare care
idea of cost. este pseudoindependgide ideea de cost.

The question has its maximum utility especially Intrebareasi are utilitate maxiria mai ales cand
when technology requires investment in newse impune invegta in noi utilaje tehnologice. Deci,
equipment. So, beyond the operating costs of thee lang costurile de exploatare ale noului sistem de
new system of technological equipment, it has to baitilaje tehnologice, trebuie luain considerarsi
taken into account also their ability to be rigicthe  capacitatea acestora de a fi rigide la flutitea
fluctuations in demand. Approaching the issue bycererii. Abordarea problemei prin ipoteza anterior
the above mentioned hypothesis, suggests that theertionat sugereax ca evaluarea unui sistem nu
assessment system can not be done discretely, atpaate fi realizat discret, la un nivel fix al
fixed level of production, but continually, on rang produgiei, ci continuu, pe un interval de vai@aa
of variation in the level of production, variation nivelului produdiei, varigie determinat evident de

determined obviously by the demand. cerere.

2. Methods of choice for technological 2. Metode de alegere a utilajelor
equipment tehnologice

2.1. Approach in terms of managerial 2.1. Abordare prin prisma contabilitatii
accountancy manageriale

This method will be analyzed briefly, based on an ~ Aceast metod: va fi analizai pe scurt, pe baza
example. Context decision is: a lamp producingunui exemplu. Contextul deciziei este dtorul: o
company wants to develop its activity, by assiimiat  firma produdétoare de dmpi i doreste dezvoltarea
in its production, two new models of lamps, David activititii prin asimilarea in produi® a dod noi
and Goliath. The new models will be manufactured ormodele de dmpi, David si Goliath. Modelele cele
a new production line. This will produce only tee®t noi vor fi fabricate pe o linie de fabriga nou.
new products. One of the decisions involved in theAceasta va fabrica doar cele dquroduse. Una din
proposed development of the company is to choosdeciziile care intervin in dezvoltarea propude
the manufacturing line. In the appendix the initlata  societatea comercial este alegerea liniei de
for the two alternatives and calculations condgctin ~ fabricaie. In anes sunt prezentate datele tiale
the final results summarized in the tables from thepentru cele dau alternative, casi calculele care
appendix, are presented in Table 1. conduc la rezultatele finale centralizate in tabglu

Table 1. Net present value
Tabelul 1. Valoarea actualizatet

Alternative |
Year 0 1 2 3 4
Carrying costs DKK/year 2,236,704 2,236,704 2,266 | 2,236,704
Wages DKK/year 6,851,250 6,851,250 6,851,250 (D
Machinery DKK 14,930,000 2,880,000
Net cash flow DKK 14,930,00(Q 9,087,954 9,087,954 089,954 | 6,207,954
NPV 39,229,263
Alternative |
Year 0 1 2 3 4
Carrying costs DKK/year 1,847,412 1,847,412 1,847 | 1,847,412
Wages DKK/year 6,717,375 6,717,375 6,717,375 ®IH
Machinery DKK 17,500,000 3,140,000
Net cash flow DKK 17,500,000 8,564,787 8,564,787 568,787 | 5,424,787
NPV 40,156,976
Once implementing costs of the two O dat oktinute costurile de implementare ale

alternatives, as well as the yearly operating costselor dod alternative, céatsi a cheltuielilor de
being obtained, a single step remains in obtainingxploatare anu&l mai @mane un singur pas in
the optimal alternative, namely to include in thedeterminarea alternativei optimesi anume
decision the time effect on the money. So, for theénglobarea in decizie a efectului timpului asupra
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decision, NPV (net present value) is used [1]. banilor. Pentru decizie se folgse indicatorul VAN

By comparing the NPV indicators for the two (valoarea actualizane®) [1].
alternatives, the selection of the first variant is Comparand indicatorii VAN pentru cele dou
recommended. alternative se recomafhdlegerea primei variante.

Method characterization. As it can be seen  Caracterizarea metodei. Dugrum se poate
from the calculations made, the method is basediedea din calculele realizate, metoda se bazeaz
almost exclusively on the expression of fixed costsaproape exclusiv pe exprimarea costurilor fixe
resulted from the use of production equipmentgenerate de utilizarea unui echipament de pnoeluc
These include: implementing costs of theAcestea cotin: costul de implementare a utilajelor
technological equipment, and the cost resulted frontehnologice catsi costul generat de megnerea
maintaining, during a year, the stocks of semi-stocurilor, pe durata unui an, de semifabricate, a
finished products, of final products and thoseanf r produselor finitesi a celor de materie prim(nivelul
materials (the level of these stocks is considéved acestor stocuri este considerat a fi cauzat de o
be caused by ,good” load of the equipment). Theincarcare ,bui” a utilajelor). Singura categorie de
only category of variable cost is those relateth® cost variabil este cea legate salariile muncitorilor
wages of the equipment operating workers. care deservesc utilajele.

This method has a static character, not showing Metoda are un caracter static, neilustrand ce se
what happens to the variation of production,inthmph la varigia produdiei, mai mult, ea nu
furthermore, it doesn’t approach the issue ofabordeaz problema de capacitatea de pratu@
production capacity of all machines. Neither ansamblului de utilaje. Nu sunt incluse nici
maintaining, nor repairing costs of the technolabic cheltuielile de fintrgnere si reparaie a utilajelor
equipment is not included, this information beingtehnologice, acestea fiind géée departamentului
attached to the maintenance department. The targde mentenas. Tinta metodei este de a setiob 0
of this method is to obtain the most cost-effectivevarianti cat mai rentabil din punct de vedere al
variant in terms of financial indicators. indicatorilor financiari.

A supplement to this variant is represented by  Un complement la acedsvarianti de analiZ
the selection of technological equipment by usingeste alegerea utilajelor tehnologice utilizand rdato
the method of costs influenced by technology andtosturilor influenate de tehnologig dotare [5].
endowment [5].

2.2. Influenced costs method 2.2. Metoda costurilor influertate

This method consists in calculating the Metoda congt in calculul costurilor de
manufacturing costs, at equipment level, taking int fabricgie la nivel de utilaj, tindnd seama de
account the investment, maintenance, operatingaloarea invediiei, Tntrginerii, exploafirii si
value and the production volume. Through thevolumului de produge. Prin analiza mai multor
analysis of several variables used, which meet theariante utilizabile, care indeplinesc ceeie
technical requirements, will be able to selectdhe tehnice, se va putea alege cea care, la un anumit
that leads to minimum costs, at a certain level ohivel al produgei, conduce la costuri minime [2].
production [2].

Mathematic model of influenced costs Modelul matematic al costurilor influgate.
Total influenced cost (1): Costul total influerat (1):
Cinf, = Cf, + Cy, Q)
Cf; — total fixed costs [MU/year] (2) Cf; — costuri fixe totale [UM/an] (2)
Cv, — total variable costs [MU/year] (3) Cv; — costuri variabile totale [UM/an] (3)
The two components of total cost are: Cele dod componente ale costului total sunt:
Cfi= Gy + G = IV/100 x (A+R), (2)
Ca — annual depreciation costs [MU/yeatr]; Ca — costuri anuale cu amortizarea [UM/an];
Cr — annual equipment maintenance cost, if notCr — cost anual al intgerii utilajului, daé nu este
used [MU/year] folosit [UM/an];
Iv — acquisition value of the equipment; Iv — valoarea de achire a utilajului;
A — annual standard rate of depreciation [%]; A — cota anual de amortizare din normativ [%];
R — annual rate of repair or scheduled maintenanceR — cota medie anual repargei sau ntrénerii
planificate;
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Cvi=Q x Cyp=Q x Cy x TC/ Ny, 3
Q — production volume; Q — volumul produgei;
Nec — NO. of finished parts in a work cycle; Ny — Nr. piese finalizate ntr-un ciclu de lucru;
Tc — period of work cycle; Tc — perioada ciclului de lucru;
top — Operational time; top — timp opergonal;
Cv,: — operating variable cost per time unit; Cv,— cost variabil de funionare pe unitatea de timp;
Cv,p, — operating variable cost per product unit. Cv,p— cost variabil de futionare pe unitatea de produs.

It appears that this method complements the Se constat ca aceast metodi este
previous one, by the fact that it takes into actouncomplementar celei anterioare prin faptulagine
the capacity of a production system, the repaitscos cont de capacitatea unui sistem de prgduale
directly attached to the technological equipmernt. A costuri de repatee care sunt asate in mod direct
the same time, it doesn't takes into account tte co utilajului tehnologic. In acekatimp nu setine cont
of maintaining stocks caused by the system’'sde costul metinerii stocurilor cauzate de
operation [4]. functionarea sistemului [4].

Example. Are considered two technological Exemplu. Se consid&doua utilaje tehnologice
equipment characterized by the costs from Table 2.caracterizate de costurile din Tabelul 2.

Table 1. Influenced cost method
Tabelul 1. Metoda costurilor influgate

COST Line 1 Line 2
Cf 86666.7 98333.3
Cv 160 120
g (capacity) 3000 2000
Total cost function is expressed in relation (4). undia costului total este exprinadn relaia (4).
CT(Q =[Q/q+1]xCf+QxCwu, (4)
CT — total cost function; CT - fungia costului total;
Q — production level; Q — nivelul produgei;
Cf — fixed costs; Cf — costurile fixe;
Cvu — variable costs per product unit. Cvu — costuri variabile pe unitatea de produs.

The decision reduces itself to the equipment Decizia se rezumla alegerea utilajului care
selection, leading to minimum costs for a given Q,conduce la costuri minime pentru un Q dat, care
which is a fixed number. este un nudr fixat.

On the chart below can see that for a Q = 2500 Pe graficul 1 se vedei pentru Q = 2500 buc.,
pc., the equipment leading to minimal costs isutilajul care conduce la costuri minime este utilaj
equipment 1. 1 (cel care are capacitatea de pro@umai mare).

x10°
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/

o 1000 2000 3000 4000 5000 6000 7000
Figure 1. Total cost variation according to voluamel capacity
Figura 1.Variéia costurilor totale in funie de volumsi capacitate
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This method answers the question about what Aceasi metodi rispunde intrefrii legate de ce
happens in a fixed point of the production levelse intdm@ ntr-un anumit punct fix al nivelului
(output), but it is unable to answer the questionprodugiei, dar nu este capabiki ofere un &spuns
what happens to the demand variation within aa intrebarea ce se intarifh variaia cererii Intr-un
given interval. interval dat.

To understand what happens to the demand Pentru a itelege ce se intamplla variaia
variation within an interval, a slightly different cererii intr-un interval este dezvollamai jos o
approach of the total cost function is developdovibe  abordare ptin diferita a fungiei costului total.

3. A new approach of the selecting decision 3. O noui abordare a deciziei de alegere

To analyze what happens to the demand Pentru a putea analiza ce se petrece latiaria
variation, which implicitly determines the variatio cererii, ceea ce implicit deternivarigia nivelului
of the production level (output), the total cost produgiei, fungia costului total trebuie integtape
function has to be integrate don the respectiventervalul respectiv, aindndu-se astfel o sunde
interval, thereby achieving a total costs amourdtt t costuri totale ce intervin pe intervalul respectiv.
occur on the respective interval. Thus, the optimaAstfel alternativa optith nu va fi cea care conduce
alternative will not be that, which leads to minlma catre costuri minime ntr-un singur punct, ci cea
costs in a single point, but the one, which leads t care conduce la costuri minime pe un interval al
minimal costs on a production interval. produgaiei.

The question of function integration involves Problema de integrare a fuillor, implica
their continuity or at most the existence of atéini continuitatea acestora sau cel mult exigtennui
number of discontinuity points of I. kind. As shawn numir finit de puncte de discontinuitate de gpé
the total cost function has a finite number of Dupd cum se vede, fumi@ costului total are un
discontinuity points of I. kind. Therefore the numar finit de puncte de discontinuitate, de tspk
Riemann integral is applied. Asadar se poate aplica integrala Riemann.

The solution is to define the function on Soluia este de a defini furie pe intervale de
intervals of length equal to the production capacit lungime egal cu capacitatea de prodigc Pentru
Therefore the total cost function is replaced ulith  aceasta se Tinlocyie funaia costului total cu
total unit cost function of a product, which, ftvet  functia costului total unitar al unui produs, care
same data as for the previous question, has thgentru acelea date de la problema precedeiatre
shape as in Figure 2. alura asemeni Figurii 2.
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Figure 2. Total unit cost function graph for tweeahatives
Figura 2. Costul total unitar pentru dioalternative

The total unit cost of a product can be Costul total unitar al unui produs poate fi
expressed similar tot hat of total cost, by theexprimat ase#mnator cu cel al costului total, prin
following function: urmitoarea funtge:
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CQ)=[Q/qg+1]xCf/Q+Cv. (5)

Obviously the division has sense, because Q is Evident Tmfrtirea are rost, intrucat Q este mai
greater than zero. mare decat zero.

From the full part inequality we obtain the Din inegalitatea frtii intregi se okine
framing of this function between two continuous incadrarea acestei fufidntre dou fungii continue
function, expressed as below: care sunt exprimate astfel:

Cinf(Q) = Cf/ q + Cv, (6)
lower bounding function on C(Q), and furgccare mirgineste inferior pe C(Q)si
Csup(Q)=Cf/g+Cv+Cf/Q, @)
upper bounding function on C(Q). functia care mrgineste superior pe C(Q).

Thus, the chart of the three functions show as  Astfel graficul celor trei fungi arati ca in

in Figure 3. Figura 3.
280y
20|
200
20|

1?(11) 2000 3000 4000 5000 6000 7000
Figure 3. Unit cost function and its boundaries
Figura 3. Costul unitagi limit arile sale

It should be noted that although Q is variable, Trebuie remarcaticdesi Q este variabil, fun@a
the full part function is constant on defined parte intreaf) este constait pe intervalele de
intervals. Knowing for each interval of equal lemgt integrare definite. Cunoscéndu-se pe fiecare iaterv
to g (production capacity) the value of integertpar de lungime egal cu q (capacitatea de prodyuc
in the formula presented as above, can define thealoarea prti intregi din formula anterior
integral from total unit cost function as: prezentat, integrala din funga costului total unitar

se defingte ca fiind:

1
F(Q) = Cf x=+Cv) d
(Q) =[(mx XQ+ v) LdQ ®)
F(Q) =mxCvxInQ+CvxQ

Reconsidering m as the integral part of the Reconsiderand pe m ca fiind partea intéeag
ration Q/q + 1, are completely know both the totalraportului Q/q + 1, se cunosc in mod complet atat
unit cost function and its primitive, which alloWwet  functia costului total unitar, c&f primitiva acesteia
study of the consequences of demand variations. care permite studiul conseg#or varigiei cererii.

Fundia costului unitar este Unit cost function is

F(Q):{%+1}<Cf +é+CV, 9)
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iar primitiva costului unitar este and primitivetbe unit cost function is
F(Q)=[9+1}><Cf><InQ+Cv><Q. (10)
q

Returning to the previous example, we assume  Revenind la exemplul anterior, se presupune ¢
that the demand varies between 2700 and 2900ererea varigzintre 2700si 2900 de budti pe an.
pieces per year. To see what equipment is adequateentru a vedea care utilaj este oportun se
are calculate, for both equipment, the definitecalculeaZ, pentru ambele utilaje, integrala definit
integral from 2700 to 2900; the one having lowerde la 2700 la 2900, cea care are valoare mai mic
value represents the optimal solution. reprezind soluia optimi.

The chart of both functions is represented in  Graficul celor doa fungii este reprezentat in
Figure 4, remarking that the interval [272@®00] Figura 4, observandu-se faptula cintervalul
pieces, includes also the intersection point of thg2700-2900] de buati contine si punctul de

two functions. intersedie ale celor do@ufundii.
The following variations are calculated: Se calculeazastfel urnitoarele varigi:
F1(2900) — F1(2700) = 38,100; F1(2900) — F1(2700) = 38100;
F2(2900) — F2(2700) = 38,000. F2(2900) — F2(2700) = 38000.

From the above calculation it results that on the  Din calculul de mai sus rezilta pe intervalul
variation interval [2700; 2900] pieces, the secondde variaie [2700; 2900] de bug, este mai eficient
equipment is more efficient. al doilea utilaj.

2000 2100 200 20 240 2500 2600 210 2800 2900 3000

Figure 4. Total unit cost function on [2000;30001 fwo alternatives
Figura 4. Costul total pentru ddalternative Tntre [2000;3000] bitc

Another aspect to be outlined is that, depending  Inca un aspect de subliniat estg i fundgie de
on the production level, the cost can be more s le nivelul produdiei, costul poate fi mai mult sau mai
rigid to its changes. This is suggested by theputin rigid la modificiri ale acesteia. Acest lucru
derivate of the total unit cost, equation (11), ebhi este sugerat de derivata costului total unitastieel
is depicted in Figure 5 (graphs for both equipment(11), care este reprezertain figura 5 (grafice

of the example). pentru ambele utilaje din exemplu).
. Q 1
f =- =+1|xCf x—-.
Q [ ; o (1)
Figura 5 indi@ faptul & o varigie a produgei The Figure 5 shows that a production variation

de aceeqi lungime, dar la niveluri diferite (ex. of the same length, but on different levels (ex.
[500; 700], respectiv [2700; 2900]), va afecta In[500;700], respectively  [2700;2900])  will
mod diferit varigia costului total unitar. differently affect the variation of total unit cost
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Conform figurii, o variie a produgei (pentru
utilajul 1) intre [500; 700] va provoca o vaiede
50 U.M., iar o varige intre [2700; 2900] va
provoca o varige de 2.1 U.M. Se deduce de aigi c
pentru evitarea unor asemenea difezaar trebui ca
produgia $i se realizeze cu utilaje caré aibi o
derivat cat mai aproape de zero.

Implicatiile pe care le-ar putea avea asemenea

varigii ale costurilor pot afecta planifidle si
bugetele sociétii.

According to the figure, a production variation
(for equipment 1) between [500; 700] will lead to a
variation of 50 M.U., and a variation between
[2700; 2900] will lead to a variation of 2.1 M.U. |
can be concluded that to avoid such differences,
production should be done by equipment having
derivates as close to zero.

Implication of such cost variations might also
affect the company’s planning and budgets.
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Figura 5. Derivata costului total
Figure 5. Derivative function of the total unit tdsnction

4. Conclusion

4. Concluzie
To sum up it can be said that using also a

Concluzia acestui studiu esté ¢ imagine de

different approach then the traditional ones, &ebet ansamblu mai bunpoate fi credt folosind metoda
overall image can be created. The advantage of theropug, pe lang utilizarea metodelor clasice de
new approach is that is able to give some answers oealizare a invegtilor in echipamente de prodiie.
what can happen when the production volume isAvantajul metodei este acelé ofera raspunsurisi

flexible.

Acknowledgements

in cazul in care volumul prodtei este flexibil.

This paper is supported by the Sectorial OperatiBnagramme Human Resources Development (SOP
HRD), ID134378 financed from the European Sociald-and by the Romanian Government.

References

1. Seal, W., Garrison, R.H., Noreen, E.W. (200@nagement AccountindylcGrawHill, ISBN 978-0077121648
2. Arnold, J.R.T, Chapman, S.N., Clive, L.M. (201ityoduction to Materials ManagemerRearson, ISBN 978-0131376700
3. Hammond, P., Strom, A., Seierstad, A. (20B8)ther Mathematics for Economic AnalysRrentice Hall, ISBN 978-0-273-

71328-9

4. Calefariu, G., Barbu, M., (2013jisteme de prodte (Production SystemsLux Libris, ISBN 978-973-131-112-8, Bav,

Romania (in Romanian)

5. Zandin, K.B., Maynard, H.B. (200Maynard's Industrial Engineering HandbadWcGraw Hill, ISBN 978-0070411029

Received in July 2014

Lucrare prigin lulie 2014

71



