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Abgtract: The article is related to recent research focusimghe design of flexible manufacturing systenhss Inot
possible to design a flexible production systenhauit planning the related logistics, material flamd its management.
A key component of flexible manufacturing systemmaterial handling systems, which are often meaimg AGVs to
transfer parts from station to station. With ther@asing prevalence of the advanced control logiud artificial
intelligence, AGV is poised to become a fundameaiainent of many production lines and logisticsrafiens. Many
studies focus on how many AGVs are needed for@angdvroduction line or logistics area. However, ¢hpapers do not
deal with the effect of battery degradation dutimg life cycle of the production line or logistiagea. During this period
the battery of these devices degrades and thusddyedcity is significantly reduced. The articleoksins how discrete
event-based simulation can support the plannidg3f-based systems, particularly analysing the imp&&GV battery
degradation during the life cycle of a flexible mfacturing system. The result of this article igemeral methodology
that is suitable for determining the required numdfeAGV units for the entire life cycle of a givgmoduction site or
logistics activity.

1 Introduction and production lines and its elements. In the sg:pant of
A very exciting period of transformation of prodiect ~ the article, the AGV (Automated Guided Vehicle)eaf
processes is taking place these days. Customes rmged the most common material handling devices in fllexib
changing significantly, customers want to buy manel ~Production systems, is examined from a design pofint
more unique and customized products [1]. Accorgingl View. Finally, we analyse an example how the dewelent
manufacturing companies must also transform from tiof the capacity of AGVs during the life cycle ofeth
former mass production to flexible production [Zhis Production line can be considered with digital ool
change happens so dynamically that in many casgs th ] ]
are no developed methods and practices for creatidg Literaturereview
production lines and production processes that rieet Production  systems  produce  products, SO
needs. Important factor is that flexible productisually understandably their life cycle cannot be separ&iau
requires more flexible and therefore significanthore the life cycle of the product manufactured on thbenfact,
expensive equipment, therefore it is realistic fothe production line is also a product, so its tiele is
manufacturing companies to expect that this equipicen  characterized by everything that is characteristica
be used for a longer period [2]. It means thatifeecycle product's life cycle [1], although the names of iases
of flexible production lines getting longer. In $harticle, are closer to the terms used in production (Figyre
we examine the life cycle of flexible productiorsyms
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Figure 1 Lifecycle of a production lifj8]

In the case of production lines, the design phase hwidespread methods is the construction of a digitad of
changed a lot over the years. In addition to thstemce of the production line and conducting experimentsrtd the
many manual methods for planning production lide8]]  appropriate operating parameters.
the increase in the complexity of production preess Table 1 summarizes what the digital twin can beduse
required the introduction of new methods. One efrtiost  for in the different life cycle steps of the protiao line.

Table 1Lifecycle steps and use cases of the Digital Twiing the lifecycle steps
Use casesfor a Digital Twin

Process planning (manufacturing agistics)
Capacity planning
Resource planning (number of machines, palette$/s\&tc.)
Line balancing
Cost/investment optimizatit

Ramp-up analysis
Virtual commissionin

Bottleneck analysis
System parameter optimization
Update of process parameters from real world
Energy efficiency optimizatic

Further optimisation of the system
Operational support for the shop floor
New product introductions (NF

Lifecycle step
Layout design

Installation and ramp-up

Improvement

Normal operation

End of life maintenant

Maintenance plannit

3 Conceptual framework .
The basic purpose of flexible manufacturing systems

to ensure the production of different products inittihe

same system. Flexible production systems can peoduc

products that are even significantly different frarach

other if their technological steps and needs amélai.

Another typical purpose of flexible production ®yss is

to support the customization of products duringdpadion .
[3]. .
Most flexible manufacturing systems consist of the -«

following 3 main elements [7]: .
»  Work machines, which can be machining or any
other processing machines.
» The material handling system, which, depending on
the design, can be conveyor or AGV-based material
handling system.

The control system, whose task is to operate the
system in changing conditions, controlling both the

working machines and the material handling

system.

In terms of layout, 4 main types can be distingedsh
[7,8], these are as follows:

In-line layout,
Loop layout,
Ladder layout,
Open-Field layout.

Their schematic diagram is shown in Figure 2.
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Figure 2 Types of the Flexible Manufacturing Systérh

In the case of Loop, Ladder and Open Field layoutgjsadvantages of AGVs compared to conveyor-based
material handling is solved either with conveyosteyns material handling (Table 2)
or often with AGVs. There are several advantages an

Table 2Advantages and disadvantages of using AGVs
Advantages Disadvantages
Flexible material handling Although the price of the technology is fallingetprice
of the battery limits further significant price redion:
It helps to make the surrounding production sy{A more advanced IT environment is required fo

more flexible contro
It enables good material flow cont Due to the battery, the environmental impact iséi
The layout they serve is easily to modify Due to the charging cycle, a complex control sysig

required for their best utilizatit

Easily replaceable in case of failure or breakd
Easy maintenan
Flexible and adaptive control can be built arou

From the table above, most of the disadvantages of Currently, there is relatively little long-term eqence
AGVs (price, more complex control, etc.) are dugh® with AGV battery degradation, so we had to relytbe
nature of the battery, so it is worth examining ttaipic in  (sometimes admittedly optimistic) specificationsypded
more depth. Older AGVs mainly use Lithium-ion be#és, by manufacturers. However, it is clear [6] thateaft
which have a lifetime of about 2000 charging cy¢#sin  approximately 4,000 charging cycles these batteréas
the modern AGVs Lithium-titanium (LTO) batteriesear already suffer a significant capacity reductiomafre than
typically used [10]. These batteries have a verpss life  15% (Figure 3).
cycle, they can withstand approximately 20,000 ghar
cycles [11,12].
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Figure 3 Degradation of the LTO batteries over tinee[10,13]

Apart from degradation there are several addition@ Research methodology

factors that affect the lifetime and behaviour attbry During the research, we used a discrete event
powered AGVs [13]: simulation system for the concept building andethelysis

+ Operating temperature - this can reduce capacityof the results [14,15]. Discrete event simulatoa reliable

by 5-10% in extreme cases [13], tool to analyse systems, where the eclapsed timetisial

* Number of charging cycles, factor [16,17]. We selected the Siemens Plant Sitiaud

» Depth of Discharge (DoD), system to prepare the analyses. This discrete event

» Storage time, simulation software is widely used by manufacturing

« Number of starts and stops during the operation, companies [18,19]. The system also has the advamtg

« Weight of the transferred load. supporting the modelling of AGVs, and even hasthnil

functions to manage AGVs' battery-related chareties

The influencing effect of these can be determine@nd battery charging. Plant Simulation handles the
mainly by experimentation and measurement. following battery characteristics for AGVs [20] @la 3)
and collects the following statistical values frotime
In the case of AGVs, two main methods are used féimulation (Table 4).
recharging, battery swap and battery charge. In a

production environment, the latter can be implemeaind Table 3 Battery related simulation attributes fdB¥s
handled more simply, so we will deal with this imet |Attribute Description
following. Charge (Ah) The active charge of the battery (

Charge < Capacit

An average AGV can operate for 4 hours with onddasic consumptigBasic consumption no matter if {
charge, followed by 1-2 hours of charging, so ia tase [(A) AGYV is moving or nc
of a three-shift production, it goes through 4 gy |Driving Addition to the Basic consumptior]
cycles per day, counting the minimum typical 200kimg  |consumption (A |the AGV drive:
days, this is 800 cycles per year. This also mehats [Capacity (Ah The capacity of the batte

approx. After 5 years, only approximately 90% of it|Reserve (Ah) Below this value the battery need
original capacity can be used, and after anotlyesss, this be recharged, system calls the ch
value may drop to 80-85%. In extreme cases (fomgie, contro

AGVs which are carrying car bodies) the operatidima¢ |Charge current (4 | The value of the charging curre
between two charges is less than 2 hours, the icigatime

is 1 hour. In this case, for an AGV which works3ishifts Table 4 Battery related statistical values collecby the
every day, it has 8 charging cycles. It meansttiebattery simulation model
degradation will have significant effect on thefpenance |Attribute Description
after just 2 years of usage. Number of ChargefNumber of times the battery w
charge:
Portion Portion of its lifespan during whic
the battery of the AGV was charg
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During the modelling, AGVs can be either fixed-ktac 5 Experimental analysis and presentation
or free-moving. Among the FMS layout types, the jhoo of theresults
and Ladder layouts usually have fixed tracks, witiie

- ) . To analyse the previously discussed problem area,
Open field design uses freely moving AGVs. y previously discu P W

used an example from the automotive industry. Eigur
shows the model and its layout. It is a flexibledarction
%?/stem with a loop layout, with robotic welding and
automatic assembly stations. The products are ody b
parts. The line is designed for a life cycle ofesst 10
years. The factory works in 3 shifts in 7 days.

The AGV energy consumption is can be calculated
follows (1):

Energy consumprion = Basic Consumption +
Driving Consumption (1)

During the test, we are now testing the systenofear

'oroduct type, assuming that:

» The production times of the products at the station
are very similar.
There is no setup between products at the stations
(except the test station).

where the driving consumption could depend on sdver
factors, like the speed, the weight of the tramsfépart or
the environmental temperature as we discussed ebefor
These values can be determined by measurememn teca
extracted from the logs of the control softwarenwiny

AGVs.
(3 4 \ ||
'rg; @ [ acvs M it M caicProcTime
ExperimentManager [ partsTable [ rimesTable ChartMachines
D) Bettery Active I\? ) [Randomized Charge Level AGV Ioop
\-‘ - — — [ —
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Figure 4 The layout of the experimental model

In the example we use SHARP TYPE B AGVs in the
simulation model [21] with load capacity of 200 l&f) During the modelling, we wanted to visualize the
m/min (1 m/s) maximum speed, and 2 series of 42 Atmattery level, hence we extended the AGV objedh wie
batteries. The assumed hours of operation forAB%¥s colouring of the loading plate depending on thetdvgat
are 8 hours, so they can theoretically serve aavhbift level (Figure 5).
without the need of recharge.
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Figure 5 Colour coding of the AGVs based on thelalke

battery capacity

As a result, the charge status of each AGV is ljlear
visible in the model (Figure 6), making the anadyand
understanding of the digital twin easier.

Figure 6 Model run with the coloured AGV battergtes

We developed a 3-step planning process for system
modelling and analysis (Table 5).

Table 5 Steps for

the system planning and analysis

Process Step Comment

1. Calculation of thRun simulation experiments wi
necessary AGIfull capacity AGVs with unlimite
capacit batten

2. Calculations ar|Finding design issues, calculatior
experiments  witthe number of the necess

the actual AGV fleetharging stations. This step g

gives information  for  th
programming of the AGV fle
control software (normally suppli
by the AGV manufacture

3. Experiments wit]

Could include experiments about

The purpose of the first experiment is to deterntimee
number of AGV units required continuously in normal
operation. In the model this is done in an “ideal"
environment, where the AGV battery usage is not
simulated. However, all stochastic parameters eflitre
are included in the study (machine failures, &cenario
1). In the second step, the effect of battery diagran and
recharging of the AGVs is analysed. This tells hmany
AGVs are realistically needed on the productior.lidere
we can also determine how many charging points
required (Scenario 2). And the final, third steptds
examine how many AGVs are needed later in theyldiec
of the production line. At that time the degradatad the
AGV batteries is significant. In this step the n@nlof
required charging stations may also change, as ABVs

are

the future planndAGV degradation and oth worse condition require more frequent charging
changes of the linparameters which will likely chan|  (Scenario 3).
products and AGV&uring the lifecycle of th
production are
~16 ~
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Figure 7 The daily throughput depending on the nema AGVs

Based on the graphical representation of the esulind in the second case, due to blocking of material
(Figure 7), the following conclusions can be drawrhandling devices.
Clearly, too few AGVs result in very low productiyj and
too many AGVs obstruct each other, so the number of It can be clearly seen that, by plotting the resaftall
produced units is drastically reduced. This is dgpi three cases, the AGV number between 30-40 ensuees t
behaviour of all logistics systems where the materimaximum number of manufactured pieces in all three
handling is managed with pallets or AGVs. In thstftase, cases.
the number of produced parts decreases due tog/iti,

2500

8
S

1500

g
o

Number of produced parts

g

551

0 1 2 3 4 5 6
Number of Chargers

Figure 8 Results of the simulation of the necesshayging station number (AGV number is fixed, 35)

~17 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 1 Pages: 11-19 ISSN 1339-5629

Planning of flexible manufacturing lines with AGV material handling for the entire life cycle
Zsolt Molnar, Peter Tamas, Bela Illes

——— /
—f

JIII.

Figure 9 Blocking issues withih'the charging sulploo

Using the above results, a further study was caoig simulation-based digital twin, constantly updatedhw
to determine the required number of recharge sistibhe current data (battery status, etc.), is suitabtepfoviding
result of it is shown in Figure 8. Inthe case & have 1, 2 support in determining the appropriate operating
or 3 charging stations, the reason of the low nunafe parameters during the operation of the actual mriaiu
produced parts was a layout problem. That is gledgsible  line. Since more and more research is being dohaery
in the simulation (Figure 9): life, my future research direction may be a moreueate

« The AGV charging subloop is congested and thigescription of the degradation process in the aigiin.

loop is practically blocked, along with the mainThe advantage of simulation in this case will bat tny
production circuit. This can be handled bymathematical model can be incorporated into théesys
expanding the length of charging subloop in th&his mathematical model can consider the main AGV
layout. degradation parameters, such as the nature ohtrging
« By increasing the size of the charging subloogycles, the operating temperature and the weighhef
another problem arises, that if too many AGVs arfansported pieces.
waiting in line for charging, it may happen that by
the time the AGV gets to the charger, it will runt o References
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