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Fig. 1. A modified procedure for the analysis of material flows 

 
The process of material flow analysis remains similar (Fig. 

1), but it is necessary to modify some of the stages and process 
in more detail. This is because under detailed examination of 
various options for transportation, some manipulations in terms 
of length and time manipulation behave differently. In some 
cases, when comparing two variants, one is better in terms of 
the length of the route and the second in terms of the handling 
time. For example, when manipulating a 300 kg pallet with a 
forklift and a 300 kg workpiece by crane, we have a situation 
where we have the same length of route for both, but because of 
the different speeds, a completely different time. 

This is why the procedure was modified. The first step 
remains the analysis of properties of materials and their 
production volume. However, it is necessary to examine the 
properties of materials more closely, because they form the 
basis for determining the means for handling the material. 
Creating the layout and determining the intensity of material 
flow is identical to the standard method. At this point a new 
step is introduced to finding time of manipulation. Then, using 
the length of route, speed and number of types of handling 
equipment we set the manipulation time between the 
workplaces. The input data for the analysis of material flows 
are the intensity of material flow, handling route length and 
time of manipulation. To calculate the time of handling the 
following formula is used 

 
ݐ  ൌ ∑ ௞ݎ · ଵ

௩ೖ

௠
௞ୀଵ ൅ ∑ ௝ݐ

௡
௝ୀ଴   (2) 

 
Where ݐ is time of handling, ݐ௝ the time needed to move the 

handling means and the index j is the number of such 
movements, ݎ௞ is the length of the section of transport routes 
and the index k shows the number of sections and ݒ௞ speed of 
handling in a given section. 

The same tools are used to view the material flows. The 
Sankey diagram can be drawn directly on to the drawing layout. 
However, it is necessary to take into account the relationship 
between intensity and time of manipulation. If we imagine the 
material flow diagram as a rectangle, the width is of the 
intensity, length is distance and area is transportation 
performance between workplace. Length and transportation 
performance must be maintained, but the intensity can be 
modified with respect to the capabilities of the most commonly 
used software. Therefore, the intensity is divided by the average 
speed of the entire route of manipulation, then we see material 
flows in the correct proportions. An I-D diagram is simply 
prepared, when the length of the transport is located, handling 
time is given.  The same rules apply here as for the standard I-D 
diagram. Another variable that can be adjusted, the 
transportation performance, is now dependent on time, not on 
the length of the carriage. To calculate the transport 

performance the transport intensity in relation to the handling 
time is used. 

 
 ௧ܲ ൌ ܳ ·  ሺ3ሻ  ݐ

 
Where ௧ܲ is transport performance, according to the 

manipulation, ܳ is the intensity of material flow, which 
represents the amount of material transported per unit time, and 
 .is the time for handling the transmission route ݐ
 
3.2 Case study 

The proposed method of optimizing the layout using 
material flow analysis was verified on a case study of a new 
production line in company Škoda Transportation. The case 
study focused on the production of a tram skeleton. 
Manipulation from individual parts to the assembly of the 
skeleton takes place. Different handling equipment from pallet 
trucks to gantry cranes are used. The analysis was applied to the 
layout by a design company, which was created according to a 
revised proposal taking into account any shortcomings. Both 
variants respect the requirements of the company. For 
comparison the analysis was performed using the standard and 
the modified method. For both aspects - the length of runway 
and the handling time – the optimized version was better. 
Reducing transport performance in terms of handling time by 
5% and in terms of length manipulation routes by 19%. 

 
4. CONCLUSION 
 

The proposed analysis of material flows is based on 
standard methods. Among its advantages are relative simplicity, 
speed and, compared to the simulation mentioned, lower costs. 
By contrast, it cannot fully replace the simulation. Its 
functionality was successfully tested on a case study in practice. 
The next step will be to modify existing software tools for 
creating and optimizing layouts.  

In the future, we would like to develop this approach to 
production system design in more detail and to try to apply it in 
practice. 
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