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INTRODUCTION 

Over the last 30 years, businesses have under-
gone significant changes. A lot of them have start-
ed using the Lean methodology [7, 9]. Most of 
the methods used for streamlining come mainly 
from Japan. Among these, there are for example 
lean, kaizen or six-sigma methods [2, 8]. Busi-
nesses have to learn to respond to their custom-
ers‘ demands very quickly, which can be, and of-
ten are, very specific, and which can often change 
with the environment and market expectations, 
revising legislation or sustaining society. In con-
junction with Industry 4.0, dynamic simulations 
are being increasingly often used as an effective 
tool for optimizing a wide range of processes [4, 
12]. Especially the automotive industry is an area 
where the use of simulations already belongs 
to common practice [5]. The paper presents the 
possibility of using the simulation in the area of 

optimization of handling demands in the design 
of inter-operative transport solutions.

BASIC METHODOLOGY 

The paper deals with optimization of the pro-
cess, involving handling the material using fork-
lift company in the automotive industry. The aim 
was to reduce the amount of unproductive trips 
generated due to the chaotic movement of fork-
lifts in operation using dynamic simulation.

Interoperable transport and 
material handling 

Interoperable transport and material handling 
represent a relatively wide area which consists 
in the entire transfer of raw materials, produc-
tion stocks and the movement of finished goods 
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within the manufacturing plant, including entry 
and exit storage. The main goal of interoperable 
transport and the related necessary material han-
dling is to ensure the smoothest possible flow of 
material and to achieve a continuous manufactur-
ing process [11].

In order to determine the material handling 
complexity of forklifts, it was essential to estab-
lish a database. The basic elements of the data-
base are:
 • its own system observation and timing,
 • determination of the distance matrix,
 • vehicle fleet identification.

Dynamic simulation

Simulation modelling involves model devel-
opment which imitates real-world operations, sta-
tistical analyses and their performance with the 
aim to improve efficiency and effectiveness. The 
term simulation denotes creating accurate mod-
els which represent real-world systems and allow 
us to experiment at the level of debugging and 
replenishing models within the simulation. Thus, 
we can ask “what if” questions that have to be an-
swered without any risk of disruption of the real 
system. The simulation principle is simple – to 
copy the operation of a real business system by 
means of a computer simulation and then to mon-
itor the system behaviour during various experi-
ments and testing of different variants (Figure 1). 
An example of such a model system may be a 
production line, storage space, information flow 
in the enterprise, etc. [3]

In practice, applications have shown that the 
use of simulation can be widely used not only for 
business processes but also in such areas as trans-
port simulation, where financial, material and 
personnel savings can be achieved. [4, 6, 10].

A CASE STUDY ON THE APPLICATION OF 
DYNAMIC SIMULATION IN PRACTICE

The case study concerns optimization of the 
material handling process by using forklifts in 
an automotive business. The enterprise is a me-
dium-sized company with 125 employees. The 
aim was to reduce the number of non-productive 
rides which arise from the chaotic movement of 
handlers.

Input data

The analysis of the current state involves 
determination of a database which includes the 
manipulated material volumes over a one month 
period. An overview of the manipulated pallet 
volume is stated in Figure 2 [1].

Five forklifts owned by the company were in-
volved in this total number of pallets transported. 
Each of these pallets represents one requirement 
for the material handling which had to be trans-
ferred from the place of loading to the place of 
unloading given by the process.

Another element of the database is the deter-
mination of the handling points where the loading 
operations take place. Placed upon the production 
hall layout, 46 manipulation points were identi-
fied (Figure 3). The matrix of distances between 
the handling locations was determined based on 
this background.

The last element of the database is the deter-
mination of the frequency of material handling 
needs. The longest handling time is over an hour, 
the shortest span is 0 seconds. The average value 
between the handling needs is less than 10 min-
utes. The current handling equipment capacity 
is 5 forklifts. It was necessary to determine the 
present state of distances for the productive and 

Fig. 1. Principle of the simulation [3]
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Fig. 3. Identification of the manipulation points in the layout [1]

Fig. 2. Overview of the manipulated pallet volume [1]
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non-productive rides over the reference period 
(Table 1). The principle of defining the produc-
tive and non-productive rides is shown in the fig-
ure (Figure 4) [1]. An important piece of infor-
mation regarding the forklifts is the cost of their 
work hours. An overview of the work hours and 
their conversion to costs is given in Table 2.

The simulation of the assigned problem was 
carried out using the Witness software. The pri-
mary data were acquired in the company and had 
to be adjusted for the simulation requirements 
so that the simulation system was easier to set 
up. An example of primary and modified data is 
shown in Table 3.

The linking of the Witness and Excel data 
is shown in Figure 5. The input data are based 
on a distance matrix which determines the dis-
tance of particular manipulation points. A work 
algorithm has been defined to guide the forklift 
operator. The core of the solution consists in the 
fastest possible serving of the material handling 
requirement. There are 5 forklifts available. The 
decision-making process is based on an algorithm 
that is defined in such a way that when a new re-
quest is entered, the forklift that can handle the 
request in the shortest possible time is selected.

The simulation model was developed on the 
basis of riding circuits for all the handling equip-
ment owned by the company. Loading and un-
loading in the model is represented by the paths 
on which the forklifts stay for a set period of time. 
This results from the measurements in operation. 
At the first request, the forklift leaves the depot 
and sets out for loading, which has a length ac-
cording to the distance matrix, then the loading 
follows. After the loading time, it goes on to the 
unloading, the length of which is again found in 
the distance matrix. After unloading, the forklift 

remains at the end of the loading route and waits 
for the next request. Once the request is assigned, 
it sets out for the loading again (Figure 6) [1].

Evaluation of simulation experiments 
and results

Two solutions were designed and simulated. 
The first solution concerned  handling the re-
quest in the shortest possible time by a forklift 
which can carry it out as soon as possible. The 
graphical representation of the achieved results is 
shown in Figure 7. It shows that the savings oc-
curred not only in the travelled distance, but also 
in the saved time. An important comparison of 
the current state and the proposed variant is the 
financial savings in the monitored period. Reduc-
ing the non-productive rides can save CZK 826, 
which includes fuel savings equivalent to a total 
of 22.9 litres [1].

The other solution dealt with the number of 
forklifts necessary to meet the requests. The re-
sult of this solution was to recommend the op-
timal number of forklifts for the business. The 
Optimizer tool which enables to search for the 
optimal solution to complex problems in a simple 
way was used. A solution to track the changes in 
the modified number of forklifts from one to ten 
devices has been proposed. Table 4 shows the 
savings when comparing the original state with 
the simulation results. It is obvious that as the 
number of forklifts increases not only the savings 
in the travelled distance, but also the time and fi-
nancial costs associated with the forklifts are re-
flected [11]. 

The results of the above-mentioned solutions 
offer possible savings in the reduction of non-pro-
ductive rides, which is only CZK 826 per month 
when using 5 forklifts.

With five forklifts, the workload is only 3.1%, 
while the operator waits for the next handling 
requirement for the rest of the time. If the com-
pany uses one forklift only, the savings are much 
more interesting: this would increase the work-
load to 15.9%. The other forklift would serve as a 

Table 1. Odometer in the current state [1] 

 Breakdown of distances Current state [m]
Productive rides 303 726

Non-productive rides 420 902
Total distance 724 628

Fig. 4. Scheme of non-productive and productive rides [1] 
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Fig. 5. Witness window and Excel workbook [1] (only illustrative picture) 

Table 3. Primary and modified model input data [1]

Date From To Article Time [min] From To ID_article

1.9.2011 
1:10:40 KB58/VG9 D207 6071083.06AND 0 37 39 169

1.9.2011 
2:27:00 KB58/VG9 D207 6055043R01.023C 86 37 39 126

1.9.2011 
2:47:50 KPQ35EHS D043 6540209R00.00 97 28 26 200

1.9.2011 
2:55:59 KC170/C3 E333 9613540.E 105 36 38 251

1.9.2011 
3:00:51 KAUDI D207 6604052R01.04 110 30 39 216

Table 2. Costs per work hour at current state [1]

Breakdown of times Number of work hours [h] Costs per work hour [Kč]

Productive rides 52:44 3 987

Non-productive rides 48:43 3 683

Loading the pallets 10:08 766

Unloading the pallets 11:03 835

Total time 122:38 9 271
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back-up in the event of a major overhaul or break-
down (Figure 8) [1].

On the basis of this result, the company can 
be recommended to reduce the number of work-
ing forklifts to one that can meet all handling re-
quirements without any problems. The compari-
son of costs is shown in Table 5.

The results of the executed simulations and 
the drawn conclusions confirm what the company 
managers suspected intuitively. The disorganized 
movement of five not fully loaded forklifts led 

to many non-productive rides. The rides did not 
often arise from the real operational needs, but 
from the needs of the operator to fill the working 
hours with some work. Therefore, it is obvious 
why the company felt the need to bring a work 
system into the movement of the forklift opera-
tors in the plant.

One way of implementing the suggested work 
system is to use an on-line forklift terminal. With 
the purchase of the terminal, it is also necessary to 
establish a radio network in the plant.

Table 4. Comparison of the original state and the new solution [1]

Fig. 7. Comparison of the original state and the new solution [1]

Fig. 6. The principle of riding circuits of the forklifts [1]
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CONCLUSIONS

The paper presents the findings regarding the 
field of manipulation and use of dynamic simula-
tion, which is a powerful tool in the optimization 
of production processes. The aim of the simula-
tion was to introduce the system into the move-
ment of forklifts in the plant and thus reduce the 
overall handling effort.

Numerous businesses are currently facing 
the problem with the low workload of material 
handling operators. Manipulators working in the 
company usually find their own system they fol-
low. However, when the manufacturing process 
changes, their movement becomes disorganized 
and chaotic.

The suggested solution should help the com-
pany to better organize the work and to use the 
created algorithm even for the changes that may 
occur in the manufacturing system.
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