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ECONOMIC ANALYSIS OF CASING PARTS PRODUCTION
IN A FLEXIBLE MANUFACTURING SYSTEM

The paper presents a method for the determination of economic feasibility of the production
of casing-class parts in a flexible manufacturing system (FMS) without the necessity of developing
technological processes of their machining. The justifiability of the production of parts is deter-
mined on the basis of their technological complexity. Machining of parts in FMS is justified when
their technological complexity is lower than the threshold technological complexity determined for
the manufacturing system.

Keywords: economic feasibility of manufacturing of parts, flexible manufacturing system, techno-
logical complexity of parts.

Anroni ITIBiubs, Apkagiym T'ona

EKOHOMIYHU AHAJII3 BUTOTOBJIEHHS TETAJIEN KOPITYCIB
Y THYUYKI BUPOBHUYIN CUCTEMI

Y cmammi nodano memoouxy eusHa“eHHs eKOHOMIMHOT peHMAbeAbHOCMI 6U20MO06ACHHS
Kopnycie y enyuxiii eupoonuuiii cucmemi (I'BC) 6e3 neoOxionocmi po3poOKu mexnoao2ivHux
npouecige ix o6poOKku, o6TpyHmoeano, w0 douirbHicmv 06poOKuU demaai 6CMAHOBAIOEMbCA HA
0CHOGI IT mexHoa02iuHoI cKaadHocmi, 00pooka demani y I'BC 6yoe o6Tpynmosanoro y eunaodxy,
Koau it MexHoA02IMHA CKAAOHICMb € He MEHWO 6i0 2PAHUMHOI MEeXHO.102IMHOI CKAadHOCH,
GU3HAYEHOT 0451 6UPOOHUMOT cucmemu.

Karouosi caosa: penmabenvnicmov eueomoeneHus demaneli, eHyuka 6upoOHuU4a cucmemd,
mexHono02iuHa ckaadnicms demani.

Anrtonu IIBunp, Apkaguym l'ona

DKOHOMMWYECKHNI AHAJIN3 ITPOMU3BO/ICTBA
KOPITYCHBIX JETAJIEN B TUBKOM ABTOMATHU3VMPOBAHHOM
ITPOU3BOJACTBE

B cmamve npedcmasaena memoduxa onpedeneHuss IKOHOMUHMECKOU uerecoobpaznocmu
npou3eo00cmea KopnycHoix demaaei 6 cubkom aemomamusuposannom npouzéoocmee (IAI) Ges
Heobxodumocmu pazpabomxu mexHoa02u1ecKux npoueccogé ux oopaéomru. Ob6ocnosano, 4no
yeaecoobpaznocmo o6pabomxu Oemasaeii onpedeasiemcss Ha4 OCHOGE ee MEeXHOA02UHeCKOll
caoxcnocmu. O6pabomka demaau 6 IAIl seasemcs obochoeannoli € cayuae, Koz2oa ee
MeXHOA02UMeCKaAsl CAONCHOCMb He MeHbule NPeoeabHOl MeXHOA02UMeCKOl CA0NCHOCHU,
onpedeenHoli 045 npou3600CMEEHHOI CUCEMDbL.

Karouesvie caosa: penmabenvnocmov npouszsoocmeéa demaneil, eudkoe agmomMamu3uposaHHoe
npou3600CmMeo, MexHOA0UMECKAs CAONCHOCIb 0emanu.

1. Introduction. The present market requirements, manifested e.g. in individual-
isation of customer requirements and growing pressure of cost and quality competi-
tion on the global scale, create a situation where for a company to develop or some-
times even to survive at a market it must possess the capability of effective manufac-
turing of its products in small production batches at minimal production costs. Thus,
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the manufacturing equipment used in the production process must be characterised
by high efficiency on the one hand, and by a high level of adaptability to variable pro-
duction tasks. The means of production should, therefore, be characterised by high
levels of automation, flexibility and — at the same time — of economic effectiveness.
Those conditions are met by flexible manufacturing systems (FMS) (ESP) [4, 5, 11,
14, 16].

The production of parts in FMS should be economically profitable. Therefore,
an important problem is the development of a methodology of qualification of the
parts for production in FMS so as to ensure economic profitability of the system
operation [12, 15].

The economic feasibility of machining of parts in a flexible manufacturing sys-
tem (FMS) can be determined:

- in the case of a range of the parts for the machining of which the FMS will be
designed and constructed,

- for an actual (existing) system.

We must also consider that either:

- the parts have been manufactured earlier — then the technology developed for
the FMS can be compared with the previous processes as a reference [1, 3,9, 10, 13,
15],

- the parts will be introduced into production for the first time.

To determine the economic feasibility of machining of a part in a system, it is
necessary to develop the technological process of its production. The development of
such a process is labour-consuming and costly, and at this stage it is still not known
whether the part will be produced in the system (whether the technological process
will be utilised). The study demonstrated that the feasibility of machining of a part in
a flexible manufacturing system can be determined on the basis of its technological
complexity, without the need of technological process.

2. Determination of feasibility of machining of parts in a FMS based on their tech-
nological complexity (without designing a technological process). The feasibility of
machining of parts can be determined on the basis of their technological complexity
(Z), taking into account the functional relationship between the cost and time of
machining and the technological complexity, production program and the size of the
batch [2, 6, 7]. The technological complexity of a part is the degree of complexity
involved in achieving the desired shape, dimensions, surface roughness and mutual
positioning of surfaces of the part in accordance with the adopted technical require-
ments of machining the part on the available technological means.

The technological complexity of a part comprises: shape and geometrical dimen-
sions, the accuracy of machining and mutual positioning of features, roughness and
the distribution of machined surfaces on the shape of a part.

Analysis of methods for the determination of the complexity of parts, applied in
their selection for machining on CNC machine tools that can be adapted for FMS
conditions, revealed that each of the methods emphasises different elements of com-
plexity [6]. Increments of complexity are not uniform for various methods, so basing
on them it is not possible to determine the applicability of a part for production in a
FMS. Therefore, it was necessary to develop a new method. The essence of the
method consists in the technological complexity of the technological elements and of
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the part as a whole being determined on the basis of the time of performance [6]. In
the case of the parts with a known production program and batch size there is a
known threshold technological complexity (Z,) — after achieving of which the
machining of the parts in a FMS will be economically feasible. The threshold tech-
nological complexity is the complexity of the parts machined in a system, for which
at a given volume of production program and production batch size their production
in the system becomes economically feasible. This means that at a technological
complexity of a part being equal to the threshold technological complexity the cost of
producing the part in a FMS (Kggp) is equal to the cost of its production on conven-
tional machine tools (Kqk): Kgsp=Ko-

Therefore, the threshold technological complexity of a part determines the
threshold or economic feasibility of its production in a flexible manufacturing system.

To determine the threshold technological complexity of the parts machined in a
given FMS it is necessary to determine the unit cost of machining, for various pro-
duction batch sizes, in the system and in the case of the base variant. The results
obtained permit the identification of the functional relationship between the cost and
time of production and the technological complexity, batch size and production pro-
gram. A part for which the technological complexity Z is greater than Z, meets the
conditions for machining in FMS (the machining of the part will be efficient) — Fig.
1. The threshold technological complexity should be determined for a specific FMS
and a representative group of parts so that the obtained result could be applicable to
a whole set of parts of a given class, machined in the system.

3. Determination of rational scope of application of FMS. The best will be such a
process of machining through which the maximum effect will be achieved (K,,;, —
minimum cost of machining, 7,,,, — minimum time of machining).

The cost and time of machining are functions of input variables: RO — group of
machine tools applied in the process, Z — technological complexity of the parts
machined, P — production program, N — batch size, O — environment (current
organisation, economic and technical conditions) — Fig. 2:

K =f(RO,Z,P,N,0), (1
T=f(RO,Z,P,N,0). (@)

Practice shows that only in rare cases the output parameters K and 7 can simul-
taneously assume levels of importance corresponding to the maximum effect. The
usual situation is such that the levels of importance of variables (RO, Z, P, N, O) at
which the most satisfactory values of one output variable are achieved do not permit
the same for the other. In such cases the maximum effect is achieved at compromise
levels of importance of the input variables.

Parameters RO and O are quality parameters: they are discrete values and there-
fore the functions shown above, in the case of the analysed set of parts (Z0,)) and set

of machine tools (RO,,), are defined by the set of their possible realisations.

In the case of a batch of the parts, the most advantageous will be the process
realised on machine tool group RO; = b, permitting the achievement of the best

results:
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Tizp =Tizp =AT >0. (4)
At the same time the process should proceed at such levels of importance of Z,

P, N that:
Kicp = (Ki:b )min Ticp = (Ti:b )min

Parameters (Z, P, N), meeting the conditions (3), (4), determine the rational
scope of application of the selected group of machine tools.

Functions (3), (4) should be constructed on the basis of industrial data of a spe-
cific company, as in the case of different manufacturers even similar organisation,
economic and technical data (O) do not provide the grounds for the claim that the
production results achieved will be similar.

The determination of the rational scope of application of machine tools that are
mutually exchangeable technologically in the analysed manufacturing system and in
the base production consists in the analysis of a set of the parts that fulfil the relations
(5), (6).

AK =Kpa, —Kesp >0, Q)

AT =T,,, —Tegp >O0. (6)

Parameters (Z, P, N), for which the condition AK > 0 and AT > 0 is fulfilled,
define the rational scope of application of FMS. As an example, for a machining sys-
tem composed of two machining centres type C2H, the rational scope of application
of the system in the production of casing-type parts of various complexity, batch size
and production program was determined graphically: Fig. 3 — with relation to the
cost of machining of parts, Fig. 4 — with relation to the labour requirements of
machining, and Fig. 5 — the full rational scope of application of the FMS (common
area relates to cost and labour requirements of machining).

The flexible manufacturing system should be applied to produce the parts with
complexity, production program and batch size below the threshold surface shown in
the diagrams, separating the areas of economic feasibility of machining in FMS and
on conventional machine tools.

In Fig. 5 one can see that:

- machining of small batches of the parts with low technological complexity in
FMS is cost effective only in the case of a large production program,

- the parts with high technological complexity can be cost effectively machined
in FMS even at a small production program.

4. Conclusions.

1. Determination of technological complexity of the parts in accordance with
the developed methodology permits the definition of rational, with relation to the
cost of production, scope of application of an existing FMS.

2. On the basis of the determined threshold technological complexity Z,
based on the rational scope of application of a designed FMS, we can determine
at what batch sizes and production program the machining will be cost effective.
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Figure1. Algorithm of determination of feasibility
of part machining in a system
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Figure 2. Model of the process of machining of the parts in FMS: k — unit cost
of part machining spent on processing of a unit of information, t — unit time
of machining necessary for processing of a unit of information
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Figure 3. Graphical interpretation of the area of application of FMS and
conventional machine tools (OK) with relation to cost of machining of the parts
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Figure 4. Graphical interpretation of the area of application of FMS and
conventional machine tools (OK) with relation to labour requirements
of machining of the parts
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Figure 5. Graphical interpretation of the rational area of application of FMS and
conventional machine tools (OK)

3. The developed method of determination of the technological complexity of
the parts permits the identification of the applicability of the parts for machining in
an existing FMS without the need to develop the technological process (the techno-
logical complexity is determined and compared with the threshold technological
complexity determined for the manufacturing system. The method, though simple,
permits the obtainment of sufficiently accurate results as it takes into account a
greater number of factors determining the technological complexity of the parts.

4. The efficiency of operation of a flexible manufacturing system largely depends
on suitable choice of the parts to be machined. The qualification of the parts to be
machined should be conducted on the basis of the threshold technological complex-
ity on their machining in the system.

5. The results of the study will be useful in:

- determination of feasibility of designing and constructing a flexible manufac-
turing system planned for the production of a specific assortment of the parts,

- determination of feasibility of machining parts in a system already in operation,

- determination of cost effectiveness of transferring production of the parts from
conventional machine tools to a FMS.

6. The developed method for determination of technological complexity of parts
and of cost effectiveness of production of the parts can be applied not only in relation
to flexible manufacturing systems but also to various kinds of convertible production
systems extensively used in industry.
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