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8. ábra. Részben „zajmentesített” vonalhalmaz 
 
A kapott geometriát egyszerűen a másolás-

beillesztés parancskombinációval a 3D-s CAD 
rendszerben egy önkényesen választott referencia 
síkra sketch-ként átmásolhatjuk. Itt kell megoldani a 
geometriai anomáliákat, amelyek közül jó esély van 
valamennyi fennállására: 

• Szöghiba; 
• Mérethiba; 
• Pozíció hiba; 
• Szimmetria hiba. 
 
A szöghiba kijavítása illetve csökkentése nem 

jelent problémát, ha feltételezzük azt, hogy a 8. ábra 
szerinti körvonal jobb oldala sík felület volt. A 
mérethiba, illetve a meglévő geometriához tartozó 
méret korrigálásához vissza kell nyúlni a korábban 
befényképezett alkatrészhez, és a befoglaló méreteit 
rögzíteni kell. Ezek ismeretében a szoftver 
lehetőségeit kihasználva, a „Move”, valamint a 
„Scale” ikonok használatával a méret és a pozíció 
hiba is kiküszöbölhető. 

 

 
9. ábra. Módosított geometria 

 
3.2. Rekonstrukciós lépések 2D-ben 

 
Az elkészült vázlat, amely egyenes vonalak 

halmaza, zárt görbét alkot, tehát a kihúzás paranccsal 
akár 3D-s solid modell megépíthető belőle.  

 
10. ábra. 3D-s modell (1. változat) 

 
Az eredmény szempontjából kritikusan szemlélve 

a modellt az látható, hogy a felület valóban zárt, de 
korántsem folytonos. A felső felület lekerekítését így 
jó eséllyel nem fogja tudni a szoftver elkészíteni. 
Ezért javasolt a vázlat lépéshez visszatérve a korábbi 

zárt vonalhalmazra egy spline-t illeszteni, amelyet 
tetszőlegesen sok felvett kontrollponttal definiál-
hatunk. Az így kapott görbe már nemcsak zárt, de 
többedrendben folytonos is lesz, amely lehetőséget 
biztosít a végleges modell elkészítéséhez. 

 
11. ábra. 3D-s modell (2. változat) 

 
Ekkor már nem hagyható figyelmen kívül a 

hagyományos tolómérővel felvett geometriai 
információk használata sem. A vékonyfalúság 
funkcióval a belső üreg, a kivágás funkcióval az USB 
nyílás kialakítható (11. ábra). 

 
4. ÖSSZEGZÉS 

 
A kész modellt egy hobbi célú 3D nyomtatóval 

kinyomtatva szinte tökéletes, de mindenképpen 
használható és esztétikus burkolatot hoztunk létre.  

 
12. ábra. Elkészült burkolat 

 
Értékelve a feladathoz kapcsolódó teljes 

tevékenységet megállapítható, hogy a befektetett 
ráfordítás korántsem rentábilis, ha csak rövidtávon 
gondolkodunk. Azonban ha távlatokban tekintünk a 
saját és gyermekeink jövőjére, mindenképpen 
követendő példát adhattunk arra, hogyan őrizzük meg 
minél hosszabb távon Földünk „egészségét” azzal, 
hogy használati eszközeink élettartamát 
meghosszabbítjuk, csökkentve a saját ökológiai 
lábnyomunkat.  
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ABSTRACT 
 

The rise of unmanned aerial vehicles in multiple 
sectors and the stricter environmental regulations 
initiate a growing need for sustainable design and 
manufacturing approaches in the drone industry. 

The mass of components can be reduced using 
generative design, while the mechanical properties can 
be preserved or even improved. This optimization is 
useful in drones, where flight duration and payload 
capacity are important parameters. Generative design 
supported by additive manufacturing reduces raw 
material consumption, which is a key principle in the 
circular economy. 

The aim of the paper is to explore how advanced 
technologies combined with circular principles can 
contribute to a more resource-conscious, sustainable 
future in drone manufacturing. These areas complement 
and enhance each other and together can form a 
powerful manufacturing solution that redefines 
engineering design while lowering environmental 
impact. 

 
1. INTRODUCTION 

 
As the technology advances, the use of drones 

(unmanned, remotely or autonomously controlled aerial 
vehicles) is further increasing. Nowadays, drones are 
used for many tasks, from precision agriculture to 
military operations [1]. In commerce, drones are 
revolutionizing traditional logistics systems: in 2024, the 
number of drone deliveries was 5 million, but this 
number is predicted to reach 808 million by 2034 [2]. As 
the usage of drones increases, the associated 
environmental issues are also on the rise. 

According to the European Union’s Circular Economy 
Action Plan, „up to 80% of products’ environmental 
impacts are determined at the design phase" [3]. This 
emphasises that product design plays a crucial role in 

reducing resource use and creating a more sustainable 
future. 

The aim of this paper is to explore the synergies 
between generative design, additive manufacturing, and 
circular product design principles in the context of drone 
manufacturing and to provide a conceptual framework.  

First, generative design and additive manufacturing 
are defined, followed by the description of product 
design guidelines in circular economy, discussing in 
detail the advanced materials in the field of drones. Then, 
we analyse the synergies and possible integration of 
generative design and additive manufacturing with 
circular design principles in drone manufacturing. 
Finally, the current limitations and challenges are 
presented, pointing the way towards future research and 
innovation opportunities. 
 

2. GENERATIVE DESIGN AND ADDITIVE 
MANUFACTURING 

 
Generative design is an algorithmic design method 

that generates a large number of design solutions based 
on given input data as instructions and rules: constraints, 
loads, and performance goals, which are usually 
maximising strength or minimising weight. The steps of 
the generative design process are shown in Figure 1 [4]. 

 Generative design is a genetic algorithm-driven 
process; genetic algorithms work similarly to selection 
and genetics observed in nature [5]. 

Generative design results in lightweight, organically 
structured parts with excellent mechanical properties. 
One of the most important goals in aerial vehicle design 
is to reduce mass. Lighter drone components improve 
flight performance, reduce power consumption, and thus 
extend battery life. Reducing energy consumption not 
only reduces operating costs but also supports 
sustainability. Generative design also promotes material 
efficiency by concentrating material only at structurally 
necessary points, reducing the raw material usage. 
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To solve these problems, it is very important to set the 
correct printing parameters and examine how they 
influence the mechanical properties. 

The manufacturing challenges can be critical in 
industrial applications, for instance in the case of 3D 
printed gears they can affect the reliability and 
performance of the gears [11]. This draws attention to the 
fact that additive manufacturing has limits, and the 
production technology and material of the part must be 
selected with great care, in accordance with the 
application. 

 
3. CIRCULAR PRINCIPLES 

 
The circular economy (CE) differs from the traditional 

linear model of economy. The main goals of the circular 
economy are to reduce the use of primary raw materials 
and the loss of resources. The circular economy is a 
system-based model, called „circular”, because it 
preserves the value integrated into products by keeping 
them in a closed loop for as long as possible. 

Value preservation can be achieved through reuse, 
repurposing, repair and maintenance, recycling, 
refurbishment, remanufacturing and recovery. 

 
3.1. Circular design principles 

 
When applying the principles of the circular mindset 

to drone manufacturing, it requires drastic changes 
throughout the life cycle of the product, such as how 
materials are chosen, the design process, production 
methods, utilization, and management after the servicing 
life of the product. 

Considering this, product design guidelines aligned 
with the goals of the circular economy can be 
summarised as follows: 
 
Product life extension related principles:  

• Creating durable products, 
• Designing modular products, 
• Designing products that are easy to maintain 

and repair, 
• Designing products that can be easily upgraded, 
• Designing products that can be easily 

disassembled and reassembled. 
 
Material related principles: 

• Incorporating recycled and/or recyclable 
materials, 

• Designing for easy material recovery, 
• Minimising material use with not completely 

filled internal areas, 
• Minimising material use with proper geometry, 
• Minimising material consumption by using 

advanced materials with improved mechanical 
properties. 

In addition, the choice of manufacturing technology is 
also an important aspect. Circular guidelines require the 
use of energy-efficient and low-waste production 
technologies, and generative design combined with 
additive manufacturing fits well into these sustainable 
engineering principles. 

 
3.2. Business model related principles 

 
The circular economy model forces manufacturers to 

take responsibility for their products throughout the 
entire product life cycles. Manufacturers can support this 
by: 

• Operating a service network, 
• Creating repair manuals and tutorials for 

consumers, 
• Producing spare parts, 
• Operating return logistics systems, 
• Ensuring the integration of waste into the 

secondary raw material stream. 
 

3.3. Sustainable materials in drone manufacturing  
 

Carbon fiber composites are now widely used in drone 
manufacturing due to their remarkable stiffness, 
durability, and strength-to-weight ratio. 

However, the production of conventional carbon fibre 
requires a lot of resources and is challenging to recycle, 
which causes problems for the environment and the 
economy. Recent efforts have shifted toward utilising 
Recycled Carbon Fiber Composites (rCFCs) to enhance 
sustainability in drone design and production [12]. 

The RECICOM project is one of the most prominent 
efforts in this field. Its goal is to develop hydrothermal 
recycling methods for recovering high-quality carbon 
fibres from thermoset composite waste [12]. The 
mechanical qualities of the fibres can be preserved for 
use in new components by using this technique to 
separate the resin and fibres under controlled heat and 
pressure. Examples of non-structural and semi-structural 
drone components that can be repurposed from these 
recycled fibres include arms, landing gear, and housing 
panels. Their performance is sometimes comparable to 
that of virgin carbon fibres when used in non-woven or 
short-fiber mat formats [12]. Because they can retain 
80 – 90 % of their initial mechanical strength, rCFCs are 
a good substitute for other materials. rCFCs not only 
provide advantages for the environment, but they are also 
cost saving alternatives. This is especially beneficial for 
drone producers who want to scale sustainably or who 
work under strict financial limits. 

There are still difficulties, especially when it comes to 
preserving fibre alignment, scaling up recycling 
procedures, and guaranteeing matrix bonding 
homogeneity.  

 

Due to their unique geometry and complexity, parts 
created with generative design are typically made using 
additive manufacturing technologies. In traditional 
subtractive manufacturing, such as turning, material is 
removed from a solid mass to achieve the desired final 
shape. In contrast, additive manufacturing (AM) is a 
waste-saving production method, because it creates 
objects by combining material layer by layer [6]. 

The term 3D printing refers to the process of building 
an object layer by layer. Additive manufacturing and 3D 
printing are often used interchangeably, but additive 
manufacturing refers to industrial applications and is a 
more complex process that includes postprocessing. 
There are different AM technologies; Figure 2 shows the 
core part of the fused deposition modelling (FDM) 
technology compared to subtractive manufacturing [7]. 

Because it enables the rapid and cost-effective 
production of unique parts, additive manufacturing is 
often used to reconstruct machine components thus 
produce replacement parts.[8]. 

The surface of the printed parts is staircase-like due to 
the layered structure, which results in poorer surface 

quality than if it had been made using subtractive 
technology [9]. Because of this, after the component is 
built up layer by layer, if necessary, post- processes can 
be performed to improve the surface quality. For 
example, in the case of FDM technology, this can be 
achieved by ironing post-processing, which can 
significantly reduce surface roughness [10]. 

The layered structure also weakens the mechanical 
properties, because the interlayer bonding is much 
weaker than the material structure within the layer. Since 
the new layer is placed on top of the previous, already 
solidified layer, the bond will not be as strong as in a 
homogeneous material. The mechanical properties of 3D 
printed objects are direction-dependent, they behave as a 
block of material within the layer, the bond along the 
layers is weaker, so they can separate from each other 
more easily. On the other hand, microscopic voids, 
defects and poorly adhered parts can form between the 
layers. These act as stress accumulation sites and 
promote the formation of cracks, and they appear quickly 
especially under dynamic loads. 

 

 
Figure 1. The process of generative design [4] 
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To solve these problems, it is very important to set the 
correct printing parameters and examine how they 
influence the mechanical properties. 

The manufacturing challenges can be critical in 
industrial applications, for instance in the case of 3D 
printed gears they can affect the reliability and 
performance of the gears [11]. This draws attention to the 
fact that additive manufacturing has limits, and the 
production technology and material of the part must be 
selected with great care, in accordance with the 
application. 

 
3. CIRCULAR PRINCIPLES 

 
The circular economy (CE) differs from the traditional 

linear model of economy. The main goals of the circular 
economy are to reduce the use of primary raw materials 
and the loss of resources. The circular economy is a 
system-based model, called „circular”, because it 
preserves the value integrated into products by keeping 
them in a closed loop for as long as possible. 

Value preservation can be achieved through reuse, 
repurposing, repair and maintenance, recycling, 
refurbishment, remanufacturing and recovery. 

 
3.1. Circular design principles 

 
When applying the principles of the circular mindset 

to drone manufacturing, it requires drastic changes 
throughout the life cycle of the product, such as how 
materials are chosen, the design process, production 
methods, utilization, and management after the servicing 
life of the product. 

Considering this, product design guidelines aligned 
with the goals of the circular economy can be 
summarised as follows: 
 
Product life extension related principles:  

• Creating durable products, 
• Designing modular products, 
• Designing products that are easy to maintain 

and repair, 
• Designing products that can be easily upgraded, 
• Designing products that can be easily 

disassembled and reassembled. 
 
Material related principles: 

• Incorporating recycled and/or recyclable 
materials, 

• Designing for easy material recovery, 
• Minimising material use with not completely 

filled internal areas, 
• Minimising material use with proper geometry, 
• Minimising material consumption by using 

advanced materials with improved mechanical 
properties. 

In addition, the choice of manufacturing technology is 
also an important aspect. Circular guidelines require the 
use of energy-efficient and low-waste production 
technologies, and generative design combined with 
additive manufacturing fits well into these sustainable 
engineering principles. 

 
3.2. Business model related principles 

 
The circular economy model forces manufacturers to 

take responsibility for their products throughout the 
entire product life cycles. Manufacturers can support this 
by: 

• Operating a service network, 
• Creating repair manuals and tutorials for 

consumers, 
• Producing spare parts, 
• Operating return logistics systems, 
• Ensuring the integration of waste into the 

secondary raw material stream. 
 

3.3. Sustainable materials in drone manufacturing  
 

Carbon fiber composites are now widely used in drone 
manufacturing due to their remarkable stiffness, 
durability, and strength-to-weight ratio. 

However, the production of conventional carbon fibre 
requires a lot of resources and is challenging to recycle, 
which causes problems for the environment and the 
economy. Recent efforts have shifted toward utilising 
Recycled Carbon Fiber Composites (rCFCs) to enhance 
sustainability in drone design and production [12]. 

The RECICOM project is one of the most prominent 
efforts in this field. Its goal is to develop hydrothermal 
recycling methods for recovering high-quality carbon 
fibres from thermoset composite waste [12]. The 
mechanical qualities of the fibres can be preserved for 
use in new components by using this technique to 
separate the resin and fibres under controlled heat and 
pressure. Examples of non-structural and semi-structural 
drone components that can be repurposed from these 
recycled fibres include arms, landing gear, and housing 
panels. Their performance is sometimes comparable to 
that of virgin carbon fibres when used in non-woven or 
short-fiber mat formats [12]. Because they can retain 
80 – 90 % of their initial mechanical strength, rCFCs are 
a good substitute for other materials. rCFCs not only 
provide advantages for the environment, but they are also 
cost saving alternatives. This is especially beneficial for 
drone producers who want to scale sustainably or who 
work under strict financial limits. 

There are still difficulties, especially when it comes to 
preserving fibre alignment, scaling up recycling 
procedures, and guaranteeing matrix bonding 
homogeneity.  

 

Due to their unique geometry and complexity, parts 
created with generative design are typically made using 
additive manufacturing technologies. In traditional 
subtractive manufacturing, such as turning, material is 
removed from a solid mass to achieve the desired final 
shape. In contrast, additive manufacturing (AM) is a 
waste-saving production method, because it creates 
objects by combining material layer by layer [6]. 

The term 3D printing refers to the process of building 
an object layer by layer. Additive manufacturing and 3D 
printing are often used interchangeably, but additive 
manufacturing refers to industrial applications and is a 
more complex process that includes postprocessing. 
There are different AM technologies; Figure 2 shows the 
core part of the fused deposition modelling (FDM) 
technology compared to subtractive manufacturing [7]. 

Because it enables the rapid and cost-effective 
production of unique parts, additive manufacturing is 
often used to reconstruct machine components thus 
produce replacement parts.[8]. 

The surface of the printed parts is staircase-like due to 
the layered structure, which results in poorer surface 

quality than if it had been made using subtractive 
technology [9]. Because of this, after the component is 
built up layer by layer, if necessary, post- processes can 
be performed to improve the surface quality. For 
example, in the case of FDM technology, this can be 
achieved by ironing post-processing, which can 
significantly reduce surface roughness [10]. 

The layered structure also weakens the mechanical 
properties, because the interlayer bonding is much 
weaker than the material structure within the layer. Since 
the new layer is placed on top of the previous, already 
solidified layer, the bond will not be as strong as in a 
homogeneous material. The mechanical properties of 3D 
printed objects are direction-dependent, they behave as a 
block of material within the layer, the bond along the 
layers is weaker, so they can separate from each other 
more easily. On the other hand, microscopic voids, 
defects and poorly adhered parts can form between the 
layers. These act as stress accumulation sites and 
promote the formation of cracks, and they appear quickly 
especially under dynamic loads. 

 

 
Figure 1. The process of generative design [4] 
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4. SYNERGY BETWEEN GENERATIVE DESIGN, 
ADDITIVE MANUFACTURING AND 

CIRCULARITY IN DRONE MANUFACTURING 
 

The combination of generative design, additive 
manufacturing, and circular economy principles offer a 
highly compelling opportunity for more environmentally 
friendly and efficient drone manufacturing by creating a 
sustainable design for manufacturing system. Each of 
these areas has an impact on sustainability on its own but 

pairing them maximises the sustainability outcome. This 
systems-based approach reduces the environmental 
impacts of drone products throughout their entire life 
cycle, thereby achieving the goals of the circular 
economy model. 

Figure 3 illustrates the interactions between the three 
investigated areas. The overlapping areas in the diagram 
highlight the synergistic benefits of the integration. 
 

 

 
Figure 3. Intersections of generative design, additive manufacturing, and circular principles in drone production 

 
Additive manufacturing can realize structurally 

optimized, weight-reduced, generatively designed parts 
with minimal material use and waste generation, 
increasing material efficiency. Weight reduction is not 
only carried out through structural optimization, but also 
through the possibility of creating hollow structures. 
Lightweight components designed with these 
considerations help reduce the energy consumption of 
drones, which can increase flight time and payload 
capacity. 

Additive manufacturing also supports circular 
production, with the possibility of small-series, local 
production, thereby reduced environmental pollution 
from transportation. Additive manufacturing is a low-
waste technology, that reduces manufacturing waste. The 
use of recycled materials can reduce the consumption of 
primary raw materials. This combination preserves the 
value stored in the material on both sides of the 
production cycle. Finally, service life extension can be 
achieved with additively manufactured custom-made 
spare parts. 

Integrating circular principles into the generative 
design process could be a future goal and research 
direction. This can be accomplished, for example, by 
incorporating life cycle data or assembly/disassembly 
considerations into the design process. 

5. SUMMARY 
 

The emergence of drones in more and more industries 
makes it necessary to investigate their sustainability. The 
framework presented in this article can help to produce 
more environmentally friendly drone components. 

The integration of generative design, additive 
manufacturing, and circular principles enables 
sustainable drone production and even the realization of 
a closed-loop, design for manufacturing system. 

A continuation of the research could be the design and 
testing of drone components that fit this framework. 
 

6. ACKNOWLEDGEMENT 
 
SUPPORTED BY THE UNIVERSITY RESEARCH 

SCHOLARSHIP PROGRAM OF THE MINISTRY FOR CULTURE 
AND INNOVATION FROM THE SOURCE OF THE NATIONAL 
RESEARCH, DEVELOPMENT AND INNOVATION FUND. 

    
 
Acknowledgement to the CIRCLETECH project 

(101079354) funded by the Horizon Europe programme 
of the European Commission. 

 

 
Figure 2. Subtractive and additive manufacturing [7] 

 
However, these problems are progressively being 

lessened thanks to developments in preprocessing, 
automated layup, and material handling. 

By encouraging material recovery, lifecycle 
extension, and a decrease in embodied energy, the 
incorporation of rCFCs into UAV production is in line 
with the concepts of the circular economy. 

With a focus on incorporating recycled materials to 
lessen environmental effect, improve material efficiency, 
and advance sustainability, circular economy principles 
have progressively influenced drone manufacturing 
processes over the past five years. 

Roboze, producer of industrial 3D printers, has a 
circular economy initiative: recycling broken or unused 
3D printed parts into affordable filaments [13]. These 
types of initiatives support circular drone manufacturing 
at both ends of the raw material-production-use-waste 
cycle. On the one hand, it provides an opportunity to 
recycle the material of worn drone components, and on 
the other hand, it allows drone parts to be manufactured 
from recycled materials. 

One major issue with drone systems is electronic 
waste. In 2024, a study presented vitrimer-based PCBs 
(vPCBs), which are recyclable, repairable, and physically 
and electrically stable [14]. The environmental impact of 

e-waste in drones can be reduced by using this type of 
PCB. 

Bio-based and/or bio-waste-containing materials 
could be potential materials for sustainable drone 
production. Bio-based materials offer improved 
sustainability metrics due to their biodegradability. 
Furthermore, enriching bio-based polymers with nature-
derived materials can even enhance mechanical 
properties, as demonstrated in a study, where a PLA 
matrix material containing hemp powder was produced 
for 3D printing: 3D printed specimens made of 
PLA/hemp composite showed a higher elastic modulus 
than pure PLA samples [15]. 

A peer review by Kordos et al. claims that the study 
tackles issues with UAV recycling, including the 
processing of complicated electronics and carbon fibre 
composites [16]. For smaller drones, it advises using 
biodegradable parts and switching to materials that are 
simpler to disassemble and recycle. 

Vedrtnam et al. conducted a comprehensive life cycle 
assessment study that examines the environmental and 
energy impacts of several drone materials [17]. 
According to the findings, thermoplastic matrices and 
modular designs are thought to be crucial components for 
improving recyclability and reducing embodied energy. 
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sustainable design for manufacturing system. Each of 
these areas has an impact on sustainability on its own but 

pairing them maximises the sustainability outcome. This 
systems-based approach reduces the environmental 
impacts of drone products throughout their entire life 
cycle, thereby achieving the goals of the circular 
economy model. 

Figure 3 illustrates the interactions between the three 
investigated areas. The overlapping areas in the diagram 
highlight the synergistic benefits of the integration. 
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recycle the material of worn drone components, and on 
the other hand, it allows drone parts to be manufactured 
from recycled materials. 

One major issue with drone systems is electronic 
waste. In 2024, a study presented vitrimer-based PCBs 
(vPCBs), which are recyclable, repairable, and physically 
and electrically stable [14]. The environmental impact of 

e-waste in drones can be reduced by using this type of 
PCB. 

Bio-based and/or bio-waste-containing materials 
could be potential materials for sustainable drone 
production. Bio-based materials offer improved 
sustainability metrics due to their biodegradability. 
Furthermore, enriching bio-based polymers with nature-
derived materials can even enhance mechanical 
properties, as demonstrated in a study, where a PLA 
matrix material containing hemp powder was produced 
for 3D printing: 3D printed specimens made of 
PLA/hemp composite showed a higher elastic modulus 
than pure PLA samples [15]. 

A peer review by Kordos et al. claims that the study 
tackles issues with UAV recycling, including the 
processing of complicated electronics and carbon fibre 
composites [16]. For smaller drones, it advises using 
biodegradable parts and switching to materials that are 
simpler to disassemble and recycle. 

Vedrtnam et al. conducted a comprehensive life cycle 
assessment study that examines the environmental and 
energy impacts of several drone materials [17]. 
According to the findings, thermoplastic matrices and 
modular designs are thought to be crucial components for 
improving recyclability and reducing embodied energy. 
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ERGONOMICS OF PET BOTTLES 
 

Dr. Dömötör Csaba* 
 

ABSTRACT 
 

The article analyzes the basic functions of standard-
sized PET bottles from an ergonomic perspective. 
Accordingly, it analyzes the storage, closing, opening, 
sealing, emptying, stability, gripping and information 
transfer functions from the user's perspective. It shows 
good and bad practices.  
 

1. A PET, MINT ALAPANYAG 
 

A polietilén-tereftalát (PET) az egyik legelterjedtebb 
polikondenzációs műanyag, amit 1941-ben szabadalmaz-
tattak. Nathaniel Wyeth, a Dupont mérnöke csak  
1967-ben kezdte el vizsgálni a szénsavas italok műanyag 
palackokban történő tárolásának lehetőségét, majd  
1973-ban megkapta a palackok szabadalmát. 

Kiváló kémiai és mechanikai tulajdonságai miatt 
napjainkban is a PET az italos palackok legelterjedtebb 
alapanyaga. Ebből a szempontból a legfontosabb 
ismérvei a kiemelkedő hőformázhatóság, nagy 
ütésállóság, kiváló átlátszóság, jó hidegállóság, 
méretstabilitás, kiváló mechanikai tulajdonságok, kémiai 
ellenállóképesség. Mindezen tulajdonságok teszik 
alkalmassá élelmiszercsomagolásra. Jelen cikk 
kifejezetten a normál méretű, legfeljebb 2 literes 
termékek ergonómiáját vizsgálja vásárlói szemszögből 
(1. ábra), hiszen a 3-20L közötti űrtartalmú 
tárolóedények jóval szűkebb felhasználói kört érintenek. 

 

 
   1. ábra Normál méretű PET palackok [5]. 

 
2. ALAPFUNKCIÓK 

 
Egy italos palack legfontosabb feladata a folyékony 

élelmiszer hosszú ideig történő megbízható, higiénikus 
és szivárgásmentes tárolása.  

Ehhez szorosan kapcsolódnak a zárás és tömítés, 
mint alapfunkciók. A tárolt ital problémamentes 
hozzáférhetőségének feltétele az egyszerű nyitás és 
ürítés. A használat során szintén fontos szempontok a 

stabilitás, valamint a biztos megfogás, míg a termék 
értékesítéséhez, fogyasztásához és újrahasznosításához 
elengedhetetlen egy széleskörű információátadás, ami a 
PET palack falán vagy a rárögzített címkéken történhet. 

Mindezen funkciók megvalósításának fontos, 
felhasználóközpontú ergonómiai szempontjai is vannak. 
A legújabb Európai Uniós szabályozások miatt a PET 
csomagolásokon az elmúlt időszakban több módosítást is 
végre kellett hajtaniuk a gyártóknak, ami elsősorban a 
zárókupak, valamint a feliratok kialakítását érintette.  

A cikk következő fejezetei ergonómiai szempontok 
szerint vizsgálják a PET palackok ezen egymással 
összefüggő funkcióit. 

 
3. TÁROLÁS, STABILITÁS 

 
Egy palack legfontosabb és megkerülhetetlen feladata 

a tárolás. Ennek legelső ergonómiai szempontja a 
tárolható folyadék mennyisége, hiszen felbontás után, a 
levegővel érintkezve az italok többsége gyorsabban 
veszít a minőségéből, mint bontatlanul. Fogyasztói 
szempontból – 1 személy esetén – meg kell különböztetni 
az egyszeri (2dl-5dl) és a többszöri (5dl-2l) fogyasztásra 
szánt kiszereléseket. A kisebb palackok emellett 
alkalmasabbak kell legyenek a kézi hordozásra, míg a 
nagyobbak a stabil tárolást kell jobban támogassák.  

A tervezés során ergonómiai és esztétikai 
követelményeket is figyelembe kell venni, hogy a palack 
a fogyasztó számára praktikumot, használhatóságot és 
esztétikai vonzerőt is biztosítson. Tároláskor elsődleges 
szempont a merevség [11], de ergonómiai szempontból 
lényeges, hogy a talpára helyezett palack a legtöbb közel 
vízszintes felületen stabilan megálljon.  

 

2. ábra Hagyományos palack alapok.[3][11] 
 
Erre legelterjedtebb megoldás a palackok alján 

kialakított 5...8 ágú csillag keresztmetszetű domborítás 
(2. ábra). Ezzel az alsó merevítést is szolgáló, több-


