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goals. There were also included the number of finished parts, 
machine utilization and flow time in objective function besides 
the costs which represents the important goals of production. 
The objective function was defined as follows: 

IF No_out_parts () > default value of finished parts AND 
Machine utilisation () > default value of machine utilisation 
AND Flow time () < default value of flow time  

Unit_Costs = SumCosts / No_out_parts  
RETURN Unit_Costs 
ELSE 
Unit_Costs = SumCosts / No_out_parts + constant 
RETURN Unit_Costs 
ENDIF 
Default value represents quantitatively evaluated production 

goals. The constant should be about order higher than 
Unit_Costs value. Partial values of the objective function are 
always calculated when the specific element of production 
system finishes its activity. 
• The selection of the optimization method  

The selection of method is very important step of solution 
procedure. Simulator Witness was used. This simulator 
provides several algorithms. Result used by algorithm will find 
the global extreme of the objective function (Waller,2004).  

The selection of input parameters is realized in optimizing 
module. It is very important to constrain the input parameters 
meaningfully. We recommend to set up the constraints of input 
parameters through special designed preparatory simulation 
experiments. 
 
4. METHOD VERIFICATION 
 

The authors have prepared the simulation model of 
flexible manufacturing system for verification of proposed 
method. This model is a typical flexible manufacturing system 
for batch production in machine industry. The manufacturing 
system has been designed to produce two kinds of parts 
(hydraulic cylinders for hydraulic equipments) at the same 
time. They are labelled as VD1 and VD2. These parts were 
produced in batches.  

Each workstation of the FMS is defined as an independent 
module. All these modules form the structure of FMS according 
to the following rules: 
• 2 compatible machines constitute the Group1 and the 

Group2, 
• the workstation SRP1 and the workstation SRP2 are the 

components of the Robotic cell, 
Each workstation has its own input and output buffers. The 

transport system consists of four automated guided vehicles 
(AGV). In the given FMS, there is used a combined storage, 
(main storage is also system input and system output of the 
FMS; each workstation as well as FMC has own buffer and 
there is one emergency storage).  

The objective function is defined as real function inside the 
simulation model in Witness. 

 
4.1 Results of optimization and their comparison 

Minimal value of the objective function has been found 
according to proposed method. We have obtained the following 
results according to the proposed method for the given FMS.  

The result of optimization process evaluates optimal lot size 
6 for batch VD1 and a lot size 3 for batch VD2. The optimal 
values of input intervals have been calculated at the same time. 
These values for input intervals are 22 minutes for VD1 and 11 
minutes for VD2. The followed parameters and production 
goals have been reached (see Table 1). 

We have compared the results according to our method 
with calculation according to economically optimal lot size 
method that is defined by formula (1). We have used the values 
obtained from simulation model in the best experiment. The 
values are in Table 1. 

Parameter Quantitative Value 
Unit costs 3.134 € 
Average capacity utilisation 70.31% 
Average flow time 54.21 min. 
Number of finished parts 784 parts per day 
Storage costs per day 300.40 € 
Set up costs per day 130.70 € 

Tab. 1. The gained results with optimal lot sizes of batches 
 
The gained values have been used for calculation of the lot size 
value according to economically optimal lot size method: 
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The computed value 15 represents the sum of the both 
values of lot size. It means that the result according to our 
method is more accurate because it brings lower unit costs than 
mathematical calculation. 

The result according to formula (2) is 8 pieces in one batch. 
It means that our method is more accurate. The method accepts 
the real conditions of the manufacturing process. If the 
conditions change, it will be possible to repeat the method. 

Here it is important to notice that no classic methods 
determine input intervals for batches. It is very important 
parameter that is determined by our method unambiguously. 
We have tested and have compared our alternative method on 
the next different manufacturing systems. We can certify that 
the method has brought more accurate results than classic 
procedures. 
 
5. CONCLUSION  

 
It is necessary to mention some important facts that have to 

be fulfilled. The simulation optimization is more accurate 
method for determination of lot size than the classic methods 
because it is able to respect much more factors which influence 
lot size. But it also requires the existence of simulation model. 
On the other side the simulation model allows research in the 
detail way of the real manufacturing process. Classic methods 
are fast and simple. The simulation optimization can take a long 
time according to the restriction of the possible solving 
combinations. The simulation optimization seems as proper 
method for accurate method for determination of lot sizes, 
especially for flexible manufacturing systems where the set up 
time is markedly reduced.  

This paper has been supported as a part of a solution of 
projects VEGA 1/0170/08.  
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