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Abstract

Capacity is one of the most important measures of resources used in production. The conventional
capacity measures do not include the value of the equipment in the production system and so their
application can lead to erroneous operations management decisions. A new measure, the ‘cost of
unused capacity’, is more frequently used to characterize resource usage. Flexible manufacturing
systems (FMS), where the machining methods, machine tools, handling equipment, control systems
and computer systems are used in an integrated way, become rather complex. Under these circum-
stancesthe process of production planning turnsinto amore complicated one, and as aconsequence of
the high value of the resources the drive for decreased cost of unused capacity issignificant. A linear
programming model was formulated with the aim of taking into consideration the cost of unused ca-
pacity. The model makesit possible to take into account the unused capacities of various machinesin
different degrees, while increasing the contribution at the sametime. If the cost of unused capacity is
considered in capacity planning, theidle time of valuable resources can be exploited more efficiently.

Keywords: cost of unused capacity, linear programming model, Flexible Manufacturing System.

1. Cost of Unused Capacity

Capacity isone of the most important measures of resources used in production. Its
definition and analysisistherefore one of the key areas of production management.
The use of conventional parameters often leads to wrong decisions. There are
three aspects of the problem of conventional capacity measures. the absence of
economic content, quantity based approach, and the unduly high emphasis laid on
technical processes. If capacity measures could side step the problems discussed
above, i.e. if they could include the value of resources, and could refer to the costs of
unused capacity, then better decisions could be madein anumber of cases. Changes
in the nature of production, and the enhanced significance of auxiliary processes
made calculations necessary for production and service systems where processes
are difficult to quantify. The appearance of activity-based costing (ABC) solved
precisely these problems, because the main goa of the method is to analyse and
differentiate the overhead costs associated with capacity maintenance and operation
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and support processes. When using ABC for the determination of cost data, the
results are also appropriate for performing capacity usage calculations.

The ABC calculation attempts to approximate an ideal situation where the
overhead is incorporated in the product only to the extent it actually exploits its
resources. In the past, due to the small ratio of overheads, it was sufficient to
use asingle cost driver for overhead alocation. The presently observed growth of
the ratio of overheads makes it important to allocate them accurately to different
products. Different products use resources to a different extent, therefore, severa
cost driversare used. Theideal case would beto use aseparate cost driver for every
codt, but thisisimpossible to realize. Costs must be collected in cost centers, and
a characteristic cost driver must be assigned to each cost group in the center. The
ABC method works on the basis of this principle [3].

To perform a capacity calculation, we have to know the ratio of the costs
of the machine, equipment, plant or division depending on, and independent of
the output. These costs are closely related to the resource where they appear. The
operated resources can be divided into groups on the basi swhether they are provided
according to their usage needs or in advance, without the prior knowledge of these
needs [1]. There is no capacity problem associated with resources provided on
the basis of direct needs, because these are provided on the basis of known or
estimated needs. Resources provided in advance are those that are made available
independent of direct needs. Even though needs are forecasted by different methods
to some degree, still there is the constraint of availability prior to the time when
the need actually appears. There are three typical groups of resources provided in
advance. One of them isinvestment. The company investsin machines, equipment,
or buildings that present coststo be paid in advance and that are expected to operate
for quite anumber of years. Another cost typeisthe contract costs. Inthiscase, the
company signs a contract for the future use of a service. The third and last typical
example is that of workforce. This includes those employees who are paid a fixed
wage.
Thecost of unused capacity can becal culated when thefix cost of theresource,
the actual resource usage and the effective capacity are known. The determination
of the group of resources allocated in advance, the collection of their fixed costs,
and the measurement of the actual capacity usage require the development of the
management information system [2]. The analysis of the cost of unused capacity
is based on the following simple formula (1):

Activity Availability = Activity Usage + Unused Capacity. (1)

The cost of capacity isthe entire cost paid beforehand to obtain the resource
under consideration. This consists of the costs of capacity rightfully used in opera-
tion —also called exploited — and the cost of unnecessarily allocated, that is, unused
capacity, as shown in Fig. 1 [1], [2], [8]. The separation into two parts of capacity
costs can be appropriately done by linear approximation. There also exist theoret-
ical models for the description of capacity utilization costsin terms of anon-linear
function, but they are seldom used in practice. Dividing the costs of availability of
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Fig. 1. Interpretation of the cost of unused capacity

the resource during a given period by the quantity of the resource available during
the same period, we obtain the unit fix cost of the resource in question, which is
just the slope of the linear function shown in Fig. 1. Knowing the quantity of the
used resource and the unit cost it is easy to calculate the cost of unused capacity
(2). If u; isthe capacity, h; isthe actual production, and F is the total fix cost of
the resource, then the unused capacity is given, according to Fig. 1, as

hi
P=F (1_u_i>' ()

2. Decisionsin Flexible Manufacturing Systems (FM S)

This chapter examines the effect of production planning methods on the production
planning of flexible manufacturing systems. In a complex flexible production sys-
tem consisting of several machines and several products the production processis
characterized by many parameters. Asaresult of planning the amount of products
manufactured and the utilization of the machines has to be defined; it also has to
be decided which manufacturing possibility is worth choosing from the available
options. By comparing the calculated parameters it becomes possible to analyse the
effect of the capacity indicator which has economic content. The significance of
using the new capacity indicator in flexible manufacturing systemsisthat optimiza-
tion can be carried out on several routes while taking into account the value of the
machinery. The two fundamental goals of contributing as much to company con-
tribution as possible and utilizing the machines as much as possible in the desired
way, can be achieved on a complex system.

We present two modelsto proveour case. Theaimof thefirst model isto create
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aproduct structure in manufacturing which chips in best to company contribution.
The second model also takes the value of the machines and their under utilization
into account in addition to the contribution realizabl e on the manufactured products.
Therefore the first model is extended with aspecial function that takes into account
the value of the machines. The use of the model isillustrated and analysed with the
machines of a manufacturing plant.

2.1. Characteristics of Flexible Manufacturing Systems (a View of Cost Systems)

The increasing of the profit is an important goal of manufacturing companies; an
effective way to achieve thisis the rationalization of the production process by im-
proving production planning. In a manufacturing plant several products often are
manufactured simultaneously, which can be produced on the same assembly line
due to the similarity of the ordered products. We require modern manufacturing
systems to be flexible; manufacturing tools becoming universal is a key feature in
achieving this. A primary aim of developing flexible production systems is the
fast reaction to customer needs. If operations are performed by multifunctional,
computer-controlled machines, usually connected to computer-controlled material-
forwarding machines, then we have a flexible manufacturing system (FMS). Flex-
ible manufacturing systems are an efficient and economical solution primarily in
the case of products requiring different technologies and manufactured in medium
numbers.If a product is manufactured in very large volume, the effective method
is the use of specialized, high-productivity machines, whereas in the case of small
volume, job-shop production is recommended.

The development of flexible manufacturing systems has been one of the most
important developments of recent times in the field of industrial automation. Flex-
ible manufacturing systems operated with proper manufacturing parameters and in
a proper management environment are characterized by high flexibility, excellent
utilization of machines and low work-in-process. The aim of developing FMSwas
to increase productivity, while flexibility had to be kept for quick response to cus-
tomer needs. Inthecaseof flexible manufacturing systems, likegenerally inthecase
of other modern tendencies, the most important aspects are quality, dependability,
cost, and flexibility [6], [7].

Beside the above-mentioned goal s, the effective management policy isalso an
important factor [11]. FM S demands an intelligent scheduling strategy to realizeits
potential advantages, that is, to increase productivity while retaining its flexibility
at the same time. Various scheduling policies, heuristics and mixed integer linear
programming models have been devised and researched by a number of experts
recently [9].

Miltenbug and Krinsky defined flexibility in three different ways [10].

« Different kinds of products can be manufactured on one machine, and one
product can be manufactured on different machines.
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» When the production of a new product starts, the existing machines can be
used in the existing manufacturing system.

» When the form of a product is changed, it can still be manufactured in the
system.

Production using flexible manufacturing systems have several advantages. In
one manufacturing period, several operations can be performed by the same tool
set on different products. In this way it requires fewer specialized machines to
complete thetasks. Manufacturing similar products does not require the use of sep-
arate workshops and a separate series of machines. Unusedness can be more easily
avoided by using FM S. When starting new products, we can put them in our already
existing manufacturing system. Flexible manufacturing systems can therefore pro-
vide a competitive advantage by their adaptability. When flexible manufacturing
systems are used, efficient management policy becomes very important because
such systems are not only more costly than traditional manufacturing systems but
the managing production is al'so more complicated.

2.2. Concepts and Definitions

A flexible manufacturing system isagroup of machines capable of completing one
or more operations and usually connected to an automatic material forwarding sys-
tem, al controlled by a central computer [4]. A flexible manufacturing system is
capable of manufacturing various products. The products can be produced by using
different machines. The route shows which machines the product goes through
technologically during the production process. In aflexible manufacturing system
the products can usually be produced on severa different routes. The routes are
specified by the technologists of the manufacturing system based on the character-
istics of the necessary operations to be carried out on the products and the properties
of the available machines. Thetechnologist identifiesthe operations required by the
product and matches the operations to the capabilities of the machines. The route
therefore shows which machines and to what extent are needed for a product with
its given manufacturing variation. We identify as many manufacturing routes by
product as many manufacturing possibilities the product has. When two different
manufacturing routes use the same machines for the same amount of time, the two
routes will be the same and appear as one route in the model. If the time spent
on the machines is different, they appear as different routes. It is not necessary to
consider every manufacturing route in the model, only those which arefound viable
by the production manager. In this way certain routes can be ignored according to
the production policy of thefirm. For example, if we wish to use amachine that can
produce several products to manufacture only one product because of production
policy, we do not include those routes in the model which the management has
excluded, even if the application of the machine would be possible technologically.
In the manufacturing system in question, a total of P different products must be
manufactured. The products are denoted by index p. The number of the routes of
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product pisR, (p =1, ..., P). Theroutes are denoted by index r. The manufac-
turing system contains M machines, indicated by index m. The planned capacity
of the machine is indicated by ky, (m = 1,..., M). In the illustration, the unit
of measure of the planned capacity is minute. The planned capacity indicates the
capacity that the machine can reach under ideal conditions[12]. The operation time
shows how many minutes spends the given product on the applied machine using
the given manufacturing route. The operation time of product p on router using
machinemisindicatedby t,m (p=1,...,P;r=1,...,Rpym=1,..., M). If
aproduct needs amachinein severa different stages of the manufacturing process,
the operation time will be the total of the times spent in the individual stages.
The operation time aso includes the time necessary to change the tools and the
pieces. However, these times are significantly less than the working time, therefore
they can be ignored. The order means the product quantity to be manufactured in
the given manufacturing system. The order of the product p isindicated by x,
(p=1,..., P). Theamount of product p manufactured on router isindicated by
Xpr (P=1,...,P; r=1,..., Rpy). Theprimary result of the models set up with
different purposes is the product quantity to be manufactured, indicated by x,.
The notations can be found in Table 1

Table 1. The notation used

Xp — theamount of p manufacturedin the given period (p=1,..., P),

Xpr — theamount of p manufactured on router intheperiod (p=1,..., P),
r=1...,Rp),

km — the capacity of resource m availableinthegivenperiod(m=1, ..., M),

tprm — the time necessary to manufacture product p on route r on machine M (p =
1..., P,r=1..., Rp), (m=1,..., M),

Up — themaximum amount of product p that can besold onthemarket (p =1, ..., P),

lp — theminimal amount of product p to be manufactured (p=1,..., P),

fp — the contribution realizable by selling product p (p=1, ..., P),

Cm — theunitcost of resourcem(m=1,..., M).

The sum of the orders manufactured on the various routes is the order of the
product (3).

D Xor = X, p=1...,P, r=1...,R (©))
-

The lower limit of the product is the minimal amount the market demands. This
product quantity must be produced in any case. The minimal amount of the product
to be manufactured can come, for example, from avalid contract with acustomer, or
the mother company may have already ordered agiven quantity from one of itsown
plants for the next period. The minimal amount of the product to be manufactured
(lower limit) isindicated by I, (p = 1,..., P). The upper limit of the product
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is the maximum amount that can be sold on the market and is indicated by u,
(p=1,...,P).

2.3. Production Planning Models for Flexible Manufacturing Systems

The production planning of flexible manufacturing systems is made complex by
the far larger number of manufacturing possibilities than in traditional systems.
Several machines are capable of manufacturing the product and the machines are
versatile, that is capable of performing several operations. In planning a goa can
be for example the maximization of realizable contribution or the reduction of the
machines unusedness. In flexible manufacturing systems there are usually CNC
machines of different types, life spans, and levels of technological development.
The differences are mostly in the value of the machines and in the support activities
therefore fix costs are different [5]. In addition to the usual goals of management,
anew goa emerged — the maximization of the cost of unused capacity.

Before setting up the model, the following steps are hecessary:

* identification of the products to be manufactured

* identification of the machines and routes that can be applied in the manufac-
turing process

* identification of routes consistent with production policy

* definition of operation times valid for the machines used and products to be
manufactured

« finding the planning objectives

Table 2illustrates in ageneral layout the data that characterize the planning of
a manufacturing system. The columns of the resource-product (machine-product)
table show the resources, the rows show the products and routes while the cells
show the operation times.

Thefollowing chapters present the traditional production planning model and
itsintegrated, modified versions.

2.3.1. Increasing Contribution
In the case of the first production planning model the goal is to make a produc-
tion plan that maximizes contribution while fulfilling manufacturing and market

requirements. The objective function includes the contribution; therefore the unit
of measure of the target equation is a currency, in this case thousand dollars.

z=Max [Z prxpr:| (49)
p r

subject to
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Table 2. Resource-product table

Machine-l Machine-2 ... Machineem

Product-1 ri t111 t112 .. t11m
ri2 t121 t122 tiom

rRr1 tir11 tir12 t1r1Mm
Product-2 ro1 to11 to12 ... to1m
ro1 21 t222 toom

r2R2 tor21 tor22 tor2m

Product-P rp1 tp11 tp12 tp1im
Mp2 tp21 tp22 tpam

l'bRP tprP1 tprRP2 tPrRPM

ZthrmXprSkm, p:l,...,P, r:l,...,Rp, m:].,...,M
p r

(4b)
lp < Xp < Up, p=1...,P, (4c)
> Xor = Xp, p=1...,P, r=1..., R (4d)
r

In the objective function (44) there is contribution. In this model we try to find the
maximum of the objective function. The first condition (4b) represents the limit
stemming from the capacity of the machines. The second condition (4c) limits
the minimal amount to be produced and the maximum marketable amount. The
third condition (4d) defines the amount to be manufactured by product category, by
adding up the amounts manufactured on the individual routes.

The result of the model is a product mix, which maximizes the contribution.
The machines, however, represent different values and manufacturing character-
istics. The result of the model does not take into account the fixed costs of the
machines the products are manufactured on.

2.3.2. Increasing Contribution Considering the Cost of Unused Capacity

The aim of the second model is to create a production plan that not only helps to
maximize the contribution but also helps to minimize the cost of unused capacity.
Theunit of the elementsin the objective function isacurrency, in this case thousand
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dollars.

z=Max [Z fo > Xpr + Y Cm (km—Zthrmxp,)} (58)
p r m p r
subject to

ZthrmXpr Skm, pzl,..., P, r=1,..., Rp, m=1,...,M (5b)
P r
lp < Xp < Up, p=1...,P, (5¢)

T K = %o p=1...P. r=1...R, (5d)
r

In objective function (5a) there is the contribution margin and the cost of unused
capacity. With this model we try to maximize the value of the abjective function.
The conditions are the same as those of the previous models (5b)—(5d).

The result of the model is a production plan that not only yields company
contribution but a so influences the utilization of resources. The model takes into
account the fact that contribution margin is different on different products and
also where unused capacity occurs. Therefore, the aim is not only to increase
contribution but al so to manufacture those productsthat can be produced on different
machines on such routes that do not use expensive resources. The rational use of
expensive machinery isimportant because this way valuable resources are freed. If
we can use less of high-value resources without significantly changing the product
structure, the unused resources can be used freely, providing the management with
new opportunities.

2.3.3. lllustration of the Application of the Model

We will illustrate the use of the capacity planning model presented earlier with
an industry example. The data and the characteristics of the production environ-
ment are from a plant producing hydraulic and pneumatic parts. The products are
manufactured on CNC machines. The machines are indicated by machine-n and
products are indicated by product-n. The manufacturing system produces seven
different products. In the production process five CNC machines can be used. The
machines are versatile and can perform many operations necessary for production,
and the products can be manufactured on several routes. In specifying the produc-
tion routes, we can use the capacity of the machines flexibly.

The columns of the resource-product table contain the machines, and therows
contain the products and the product routes (Table 3). For the sake of data security
we have changed and simplified the data used for the calculation. The production
manager chooses the production routes of the products used in the manufacturing
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process based on thetechnology, hisown experience, and the production policy. The
routes chosen by the production manager can be found in the table below, broken
down to products. For example product-1 can be manufactured on two routes.
The first route of product-1 (r11) means that manufacturing the product requires
machine-1 and machine-4. The second route of the product (r;2) means that the
product can be manufactured using machine-3 only. The cells of the resource-
product table contain the operation times of the individual products, that is, the
timethe machines spend carrying out the given operation on theindividual products.
The production manager specifies the operation time of the products. For example,
product-2 can be manufactured completely on the third machine in 1.6 minutes (1
minute 36 seconds).

Table 3. Routed resource-product table

Product Route Machine-l Machine-2 Machine-3 Machine-4 Machine-5

Product-1 1 12 0 0 1.6 0

2 0 0 1.2 0 0

Product-2 4 16 0 0 1.65 0

5 0 0 1.6 0 0

Product-3 7 0 1.238 0.965 0 0
Product-4 10 0 0 0 0 14
11 0 0 0 0.9 04
Product-5 13 0 0 0 0 1.2
14 0 0 0 11 0.4

Product-6 16 1.73 0 1.3 0 0

Product-7 19 1.36 0 1.1 0 0

In order to apply the model the effective capacity of the machines has to be
specified. The unit of capacity will be minute in this case. The test period of the
model is one month, therefore every capacity figure and demand has to be given
for one month. Each machine worksin two shifts on weekdays. At weekends each
machine works in one shift except machine-5. The capacity of the machinesis 480
minutes per shift. The capacity (k) of the machines can befound in the table below
(Table 4).

The lower and upper market limits of the products indicate the minimum
amount to be manufactured and the maximum amount that can be sold. The system
produces seven products, so seven lower and upper limits have to be specified. The
lower market limits of the products are defined by the parts orders sent from the
main headquarters of the company. The lower and upper limits of the products
can be found in Table 5. In the case of product-1 for example, the ordered amount
(thereforetheminimal amount to be produced) is500, and the maximum marketable
amountis1500. Theupper market limitscan be cal cul ated based on variousbusiness
policy, storage, market analysis, and marketing considerations.
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Table 4. Machine-product table

Machines  Capacity [min]

Machine-1 25000
Machine-2 25000
Machine-3 25000
Machine-4 25000
Machine-5 21100

Table 5. Market limits

Lower limit  Upper limit

Product-1 500 1500
Product-2 600 2200
Product-3 8000 30000
Product-4 1000 4000
Product-5 1000 4000
Product-6 1100 4000
Product-7 800 1310

We have solved the large linear programming tasks that were required by
the models with the LINGO mathematical program. For the sake of creating the
algorithms and because of the properties of LINGO technical changes had to be
made in specifying the LP tasks because the number of the routes of the products
had to be the same. To fulfil this condition the Ry, variable had to be introduced,
which isthe number of routes the product with the most routes has (6). In this case
Rmax = 2.

Rnax = Max (Rp), p=1,...,7 (6)
Every product has Rya routes. In the case of products that originaly had fewer
routes, the operation times and amount of products to be manufactured are zero
on the other routes, therefore the LP task has to be supplemented by the following
condition (7).

Xpr:O
if
D tum =0, p=1....,P, r=1,...,Ruax, m=1,....M. (7
m

Thefirst model strivesto maximize contribution. The solution provides the ordered
amounts of the individual routes, that is, how many of the products have to be
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manufactured on the given route in the given period (1 month).

In the LPtask of the second model, in addition to increasing the contribution,
the unused capacities are weighted by the fixed cost of the machines. We aim at
creating a product structure that uses less of our machines with high fixed costs.
We maximize the cost of unused capacity. The weight numbers indicate the cost of
unused capacity for unit capacity, and can be found in Table 6.

Table 6. Unit cost of resources

The cost of unused

Machines - oacity [1000 dollar]
Machine-1 2
Machine-2 1
Machine-3 1
Machine-4 2
Machine-5 1

In the objective function the individual variables have to be multiplied by the
degree of unused capacity. Unused capacity is the difference between the capacity
and the load (used capacity) of the first machine. The limits and conditions of the
LPtask are identical with those of the previous model. The following contribution
margin has to be realized on the products (Table 7).

Table 7. The unit contribution that can be realized on the products

Unit contribution

Products [1000 dollar]
Product-1 10
Product-2 5
Product-3 15
Product-4 5
Product-5 5
Product-6 10
Product-7 10

The optimal solutions of the L P tasks composed with the help of the models,
the summarized orders can be found in Table 8.

The results can be analysed through the tables and graphs containing the so-
lutions (Table 8, 9, Fig. 2). From the results of the first task it can be seen that in an
optimal scenario we have to manufacture as much as possible of product-1, product-
2, product-4, product-5 and product-7, while the ordered amount of product-3 and
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Table 8. Summarized results

Model 1 Model 2

Product Route Order Tota Order Tota
Product-1 ! 1500 1500 1500 1500

2 0 0

1 2200 600
Product-2 > 0 2200 0 600
Product-3 1 20193 20193 20193 20193

1 0 4000
Product-4 > 4000 4000 0 4000
Product-5 ! 4000 4000 4000 4000

2 0 0
Product-6 1 3132 3132 3132 3132
Product-7 1 1310 1310 1310 1310

product-6 will be between the lower and upper market limits. By introducing the
cost of unused capacity the product structure does not change significantly. The
only change occursin the demand of product-2. While the first model recommends
producing the maximum amount of product-2 (2200), the second model recom-
mends that only the minimal amount (600) should be manufactured. The minimal
change in the product structure leads to a slight change in the contribution. Com-
pared to the contribution of the first model the contribution of the second model is
sightly lower but the utilization of the machines changes significantly.

With the first model contribution is maximized. The application of the first
model yielded the following results: the resources machine-2 and machine-3 are
fully used, while resources machine-1, machine-4 and machine-5 are not fully
used. The amounts of the products manufactured reach the upper limit with the
exception of product-3 and product-4. The contribution of product-3 is high, while
the contribution of product-2, product-4 and product-5 is low. In the objective
function of the model we have maximized the contribution. The largest possible
amount the production possibilities allowe has to be manufactured of product-3.
The amount to be manufactured does not reach the upper market limit but only
machine-2 and machine-3 can manufacture product-3. The two resources are fully
exploited. The situation is similar in the case of product-6. The contribution is
high but it still does not reach the upper market limit. In this case it is also the
manufacturing possibilities which are responsible for this. Product-6 can only be
manufactured on machine-1 and machine-3, but machine-3 is a fully exploited
bottleneck, therefore product-6 cannot be manufactured in the upper limit amount,
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either. The above mentioned outcome isthe result of the complexity of the system.
Beside contribution, the second model al so takesinto account unused capacity.
This model uses more data than the previous model; unit resource costs are also
taken into account. The unit resource costs of machine-1 and machine-4 are double
of the unit resource cost of other resources. The aim is to increase unusedness
on these machines at the expense of other machines. Using the model expanded
by the capacity indicator with economic content our goal can be achieved. The
results proved our theory. Machine-2 and machine-3 were aready fully exploited
in the production plan of the first model, therefore the load of machine-5 can be
increased. Theunusednessof themachinesisillustrated by Fig. 2. Attheexpense of
machine-5, the unusedness of the high-value machine-2 and machine-3 increases.

Table 9. Unused capacities of machines

LPtask 1 LPtask?2

Machine-1 12480 15040
Machine-2 0 0
Machine-3 0 0
Machine-4 15370 21610
Machine-5 14700 10700

25000 4
unused O Model 1

capacity [gé/h] B Model 2
20000 |

15000
10000 1

5000

Fig. 2. The unusedness of machines

The calculations justify our assumptions. With a minimal change in the
product structure and contribution, a significant amount of capacity is freed on the
high-value resources machine-1 and machine-4. With the resources freed up, wedo
not have to bear the costs of renting, or if we own these resources, we can sell them.
Assuming that the value of the machines correlate with the number of operations
they can perform, they can be more easily assigned to other outsourced tasks.
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Thecomplexity of flexiblemanufacturing systemsstem from thelarge number
of operations they can perform and the large number of operations they have to
perform on the products. Such complex and high-value systems also often have
unused capacities. The part of sunk cost can be attributed to unused resources.
That iswhy managers strive to use valuable resources as effectively as possible. If
resources of higher value are less used while keeping the same product structure,
they are freed and can be sold or rented out. It would be alost opportunity if we
did not exploit the concept of rationalizing unused capacities, therefore we try to
maximize the cost of unused capacity. Thisisaso true for the valuable machinery
found in flexible manufacturing systems. The production management hasto strive
to use high-value machinery asrationally as possible. The introduction of the cost
of unused capacity and its maximization isagood way of utilizing unused capacity
and taking into account the values of the machines as well.

3. Conclusion

We have formulated an LP model with the aim of rationalizing unused capacity,
using the capacity analysis principle (based on the resource-product database) of
flexible manufacturing systems. The model presented made it possible to take into
account the unused capacities of different machinesin different degrees because the
cost of unused capacity was introduced. In addition to maximizing contribution,
the model also considered the cost of unused capacity of theindividual resources. It
can be seen that taking into account more aspects, different resultswill be achieved.
With the expansion of the model the results of capacity analysis are in harmony
with the more sophisticated system of aspects. The expansion of the model led to
a new model where the goal of increasing contribution was supplemented by the
reasonable utilization of unused capacities.
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