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ABSTRACT 
The aim of the present work is the application of 
simulation techniques to the project of the handling 
system of a semiautomatic line for the assembly of 
electrical switches. In particular, we have studied an 
Automatic Guided Vehicle (AGV) transport system.  
The maximum assembly capacity is 48 units per hour:  
- Switches single-pole: 25%, 12 units;  
- Switches 2 poles: 25%, 12 units; 
- Switches 3 poles: 50%, 24 units.  
 
A main line has been designed in order to connect the 
following stations:  
• An input station for the loading of components for the 
assembly of each kind of product;  
• Two machines for the preparation of subgroups;  
• A machine characterized by two stations: assembling 
and testing of all products (physical, electrical and 
magnetic);  
• Two final warehouses; one of finished products and 
another of products sent back to the testing station by an 
operator (inspector), through an handling system.  
We have a worker in each working centre. 

 
1.1 The internal transport system  
 
We have considered a particular type of AGV: 
ROBOMATIC 500p. This vehicle is a trolley with 3 
wheels, wire-guided, suitable for handling loads up to 
300 Kp and equipped with a battery to feed the onboard 
computer and the transfer along the direction of an 
inductive circuit (FL circuits). It is possible to recharge 
the battery through the contacts placed under the chassis 
at the charging stations. The plant is controlled by a 
Layout Controller: LC2-40/2/1. The data transfer 
between controller and vehicles, is realized through 
fixed installations on the floor, the signal frequency 
modulation FE (6.3 KHz) and the vehicle transmitter 
AW. There are two stop-points where data about path 
and destination are transferred to the vehicle, able to 
communicate its presence, its identification number and 
the battery recharging conditions. Each trolley, 
equipped with rollers, permits to load and unload the 
trays containing the assembly kits, from the warehouse 
to the assembly area.In order to reduce the problem of 
balancing the production line and to maximize the 
worker saturation, a job-shop layout has been chosen.  
The signals received by each vehicle, are converted by 
the onboard computer into driving instructions.  
Starting from the warehouse, the AGVs are able to 
recognize the workstation for unloading the assembly 

kit, thanks to a particular code located on the floor.  
Arrived at its destination, the trolley stops with a 
precision of ± 25 mm. 
 
1.2 Detailed Design 
 
Some authors propose very approximate methods to 
value the needed number of AGVs; often, these 
deterministic evaluations don’t work correctly. In the 
following, a particular formulation is used: 
 

                                C = ∑
⋅

ni

tiNi
i  

 
Where:  
C = number of trolleys needed;  
Ni = number of load units per hour for each item i;  
ni = number of load units carried by a trolley;  
ti = trolley transport time, considering its speed and the 
particular path followed (curves, crossings, arrests, 
loading and unloading of load units). In the case 
studied, the number of trolleys calculated is 5. 

 
 

1.3 Simulation Model  
 
The above deterministic methods are very uncertain, so 
it is useful their validation through computer 
simulation. It is necessary to realize a plant model, 
including all data concerning the geometry of the 
system and the functional properties of each elementary 
layout part. The model of the analysed system is shown 
in the below figure: 

 

 
 

We have used the simulation software “Witness”, 
Release 2. 
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In order to understand the plant model, we describe the 
main characteristics of each workstation:  
 
• At the beginning of the production line, there are five 
buffers to storage five different components. 
Subsequently, in the first workstation, there are three 
machines to assembly the different trays of switches, 
characterized by the same box, called component C. To 
simplifying the model comprehension, the trays 
characterized by a different switch production cycle, are 
marked with different colours: green for single-pole, 
blue for two-poles, grey for three-poles. 

 
 

 
 
The AGV path starts from the exit of the above 
machines, where they load and unload the trays.  
 
• In the second e third position, we have two identical 
workstations, both with two machines to assembly 
subgroups. Only for the first workstation, we have set a 
busy_time breakdown, therefore failures happen 
according to total working time; therefore we have 
defined the time between breaks (breakdown interval), 
through a lognormal distribution with an average value 
of 60 minutes, and the time of reparation (repair time of 
3 minutes), made by a specialized worker. 
 

 

 
At the exit of each workstation, there is an 
interoperation buffer (Warehouse 1 and Warehouse 2), 
useful to separate the different switch production 
speeds. In the first buffer there are only single and 

three-poles switches; instead in the second one only 
single and two-poles switches.  
 
• In the ending part, there is a machine in witch all 
products are assembled and tested by a worker. At the 
exit of this workstation there are two different 
warehouses, one for finished products and another for 
products sent back by the inspector to the testing station 
and finally to the warehouse of finished products. To 
realize the above diversification, in the machine form 
we have set a particular output rule, called “percent”. 

 

 

Statistical Reports 
 

Running the simulation, after 60 minutes, we observe 
50 finished products realized: 13 single-pole switches, 
12 two-poles, 25 three-poles; according to the real 
production capacity, in spite of the introduction of 
failure events. So, thanks to simulation, we can verify 
the correctness of the number of AGVs, previously 
valued with the analytical method.  
The below diagram shows the data about production 
output and work in progress (WIP): 
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Then, we report statistical data relating to each machine 
and trolley, including delays and failures, in order to 
suggest possible improvements of the handling system. 
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• First workstation: 
Machine %free %busy %stop n. 

operations 
       1 19.37    5.33   71.25      20 
       2 24.41    3.33   68.63      14 
       3 20.34    6.00   69.82      27 
 

• Second workstation: 
Mac
hine 

%fr
ee 
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usy 
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op 
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down 
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n. 
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1 
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11 

    
0.0
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32.
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0.0
0 

   1.58       
1.33 

     23 

 
 
• Third workstation: 

Machine %free %busy %stop n. 
operations 

       1 46.58    28.06     0.00      29 
       2 46.58    27.50     0.00      27 

 
 
• Fourth workstation: 

Machine %free %busy %stop n. 
operations 

       1   21.20    71.30     0.00        51 
 

• Fifth workstation: 
Machine %free %busy %stop n. 

operations 
       1   70.64    29.36     0.00       50 
 

• AGVs: 
Tr
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Analysis of Results 
 

Analyzing the statistical reports, we can notice very 
high stop percentages of the trolleys, causing high 
values for the first work station too and consequently a 
reduction of production speed.This problem is mainly 
due to two factors:  
• The single transport path for all trolleys, causing 
frequent jams of the AGVs;  
• Long machine cycle times, causing frequent queues of 
the AGVs, waiting for loading and unloading products 
in the workstations.  
Both the above causes are non simply to remove, 
requiring significant economic investments:  
- In the first case, it is possible to increase the number 
of paths for the AGVs, through the creation of new 
inductive circuits followed by the trolleys; 
- In the second case, it is possible to buy new machines 
of the first workstation, able to reduce cycle times.  
 
Conclusions  
The main reason for using computer simulation is the 
evaluation in advance of changes of the production 
process, reducing realization time and cost.  
In the case-study proposed, we have analysed the 
material handling system of a company assembling 
electrical switches, using wire-guided vehicles. 
Initially, we have calculated the needed number of 
trolleys through an analytical formulation.  
Subsequently, we have decided to verify the 
deterministic result through a simulation model, using a 
specific software. The simulation software lets us 
represent graphically the material handling system and 
confirms a correct choice of the number of AGVs.  
Subsequently, thanks to the analysis of statistical 
reports, it was possible to identify the critical points 
along the production line, characterized by many stops, 
and to suggest possible solutions to apply. 
After the economic evaluation of the technical solutions 
proposed, consisting of a reduction of machine cycle 
times and/or an increase of transport paths, it will be 
possible to create the new model of the production line 
and to value the productivity increase.    
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