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Abstract: The paper presents the conceptual development of a smart retractable USB cable device designed 
in accordance with user-centred design and eco-design principles. The study originates from common 
problems identified in the use of charging cables: insufficient length, tangling, mechanical damage, and 
recycling difficulties. Existing solutions are analysed, and a dual-spool retractable system is proposed, 
incorporating an overheating protection mechanism and a modular architecture that enables replacement of 
the cable cartridge. The integration of circular economy principles is discussed from a conceptual 
perspective. The results highlight the technical and sustainability potential of the proposed solution. 
 
Key words: retractable cable, eco-design, modular design, circular economy, dual-spool mechanism, smart 
device, user-centred design. 

 
 

1. INTRODUCTION 
 

Portable electronic devices are widely used in 
everyday life, including mobile phones, laptops, 
headphones and various small appliances. Their operation 
depends directly on access to appropriate power sources, 
and charging cables represent an essential component of 
this process. In many practical situations, electrical 
sockets are located at a significant distance from the area 
of use (bedside, office desk or workspace), making 
extension cords a frequent solution. However, this 
approach often generates clutter, additional costs and 
reduced portability [1], [2], [3], [4], [5]. 

In general, the term “charger” refers to a static 
converter that employs power semiconductor devices to 
transform alternating current into direct current through 
staged charging processes (constant current, constant 
voltage and reduced current) [3]. Such systems offer high 
efficiency, low weight and compact dimensions [6]. The 
present research does not focus on the electrical 
conversion unit itself, but rather on the cable management 
system associated with the charging process. 

Although retractable cables are commercially 
available, they are typically limited to short extension 
lengths and rarely integrate solutions aimed at durability, 
repairability or recyclability. In the current context of 
sustainable development and circular economy principles, 
there is a need to reconsider the design approach applied 
to electronic accessories. 

The objective of this paper is to present the conceptual 
development of a modular retractable device that 
integrates mechanical functionality, smart protection 
features and eco-design principles within a user-centred 
design framework. 
 
2. RESEARCH CONTEXT AND THEORETICAL 
FRAMEWORK 
 

Contemporary users no longer seek technological 
performance alone, but rather an integrated user 
experience [7–10]. Products must be acceptable, desirable 
and functionally appropriate, being designed in 
accordance with the needs and expectations of the end user 

[11], [12], [13], [14]. The integration of usage, technical 
performance and perceived value within the design 
process requires interdisciplinary collaboration between 
designers, engineers and ergonomics specialists [15], [16], 
[17]. 

The introduction of a new product involves 
considerable costs and associated risks, therefore 
requiring a structured and well-founded development 
approach [8]. The concept of utility reflects the overall 
benefit delivered to the consumer, and perceived value 
directly influences demand and market positioning [18], 
[19]. Assessing and quantifying product utility remains a 
complex task, influenced by both functional and 
emotional factors [20], [21], [22]. 

Within this context, the design of electronic 
accessories must simultaneously address functionality, 
ergonomics and sustainability requirements. The 
“destination” of the product refers to its field and mode of 
use; in this case, the proposed device is intended for 
charging cable management of portable electronic 
equipment, providing increased flexibility during use. 

The integration of eco-design and circular economy 
principles into the development process contributes to 
extended product lifespan, waste reduction and improved 
material efficiency. 
 
3. EVOLUTION OF CHARGING INTERFACES 
AND CABLE SYSTEMS 
 

The evolution of charging technologies for electronic 
equipment reflects the major transformations undergone 
by portable devices over the past decades. In the 1990s, 
many electronic products relied on large round connectors 
(approximately 6 mm in diameter), commonly used for 
devices such as tape recorders, electronic organs and game 
consoles [18]. These interfaces were mechanically robust 
but lacked standardisation and interoperability. 

With the rapid development of mobile telephony in the 
early 2000s, dedicated charging solutions emerged, 
including universal chargers for removable batteries [16]. 
During this period, manufacturers adopted proprietary 
connectors, differing in shape and dimensions, resulting in 
limited compatibility across devices [8], [12], [13], [14]. 
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The diversity of charging connectors and interface 
types used over time is illustrated in Figure 1 [21], which 
highlights the transition from large round connectors to 
standardised USB-based solutions. 
 

 
 

Figure 1 Different types of chargers [21]. 
 

As data transmission between devices became 
increasingly important, standardised interfaces such as 
Mini-USB and later Micro-USB were introduced. These 
standards gradually became dominant solutions for mobile 
device charging and data transfer [21]. The integration of 
charging and data functionalities into a single interface 
contributed to device miniaturisation and functional 
optimisation. 

However, while electrical performance and interface 
standardisation have significantly evolved, the physical 
management of charging cables—particularly issues 
related to length, tangling and mechanical wear—has not 
progressed at the same pace. Most innovations have 
focused on electrical efficiency rather than on mechanical 
optimisation, durability or sustainability of the cable 
system. 

In this context, reconsidering the design of charging 
accessories from the perspective of mechanical 
functionality, smart protection and eco-design integration 
becomes both relevant and necessary. 
 
4. DESIGN RATIONALE AND DEVELOPMENT 
METHODOLOGY 
 

In a dynamic and competitive environment, the 
development of a new product requires the integration of 
technical, aesthetic and functional dimensions. Industrial 
design is defined as an applied discipline that combines 
engineering and aesthetics within a user-oriented process 
[8]. 

Market research and requirement analysis represent 
essential stages in the product development process, 
supporting informed decisions regarding product 
conception and positioning [20]. In the specialised 
literature, product development is approached through 
structured methods that include requirement 
identification, concept generation and selection of the 
optimal solution [19], [20], [21], [22]. 

In the present study, the design process included: 
• identification of functional and sustainability 
requirements; 
• analysis of existing solutions; 
• generation of alternative concepts; 
• selection of a modular retractable architecture; 
• integration of smart protection features and eco-
design principles. 

This structured approach enables the alignment of user 
requirements with circular economy principles and 

intelligent protection mechanisms, ensuring a coherent 
integration of functionality, durability and sustainability 
within the proposed device. 
 
5. PROPOSED SMART ECO ARCHITECTURE 
 

The proposed device is based on a dual-spool 
retractable mechanism inspired by the operating principle 
of a measuring tape. The primary objective of this 
architecture is to provide adjustable cable extension while 
ensuring compact storage, mechanical protection and 
user-friendly operation. 

During the conceptual development phase, two 
alternative solutions were evaluated: a magnetic cable 
configuration and a retractable reel mechanism. The 
magnetic concept, illustrated in Figure 2, integrates small 
magnetic elements along the cable length in order to 
reduce tangling and facilitate partial self-alignment during 
storage. 

 

 
 

Figure 2 Magnetic cable concept [21]. 
 
Although this approach improves visual organisation 

and handling convenience, it does not provide structural 
guidance or controlled deployment. The cable remains 
exposed to bending stresses and accidental tensile forces, 
which may result in premature mechanical wear. 
Furthermore, the magnetic solution does not allow precise 
regulation of the deployed length and does not incorporate 
an internal protection mechanism to limit tensile stress. 
Consequently, while the concept enhances order and 
usability, it does not ensure long-term durability. 

To overcome these limitations, a retractable reel 
mechanism inspired by the operating principle of a 
measuring tape was selected for further development. The 
measuring tape represents a compact, mechanically 
guided system capable of controlled linear deployment 
and automatic retraction. The reference mechanical 
principle is illustrated in Figure 3. 
 

 
 

Figure 3 The tape measure. 
 
The internal spring mechanism of the measuring tape 

maintains constant tension while preventing uncontrolled 
movement. This mechanical analogy supports the 
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feasibility of integrating controlled deployment and 
compact storage within a limited housing volume. 

Based on this principle, the proposed system 
incorporates two coaxial rotary spools positioned within a 
compact housing. The cable can be deployed 
asymmetrically from both ends, allowing differentiated 
extension depending on the usage scenario. The 
mechanism integrates: 
• a spring-assisted retraction system; 
• a length-locking mechanism positioned on the upper 
surface; 
•  guided cable routing to reduce torsional stress; 
• internal separation of winding zones to improve 
mechanical stability. 

The internal configuration enables cable deployment 
from either end while maintaining controlled tension. A 
limiting component prevents excessive extension and 
contributes to improved mechanical durability (Figure 4). 

 

 
 

Figure 4 Roulette changer. 
 
Furthermore, the guided winding configuration 

contributes to improved curvature control along the cable 
path. By maintaining a consistent bending radius during 
deployment and retraction, the system reduces localised 
stress concentration and minimises the risk of conductor 
fatigue over repeated usage cycles. The controlled routing 
of the cable within separated winding zones supports a 
more uniform stress distribution and enhances long-term 
mechanical reliability. This approach is particularly 
relevant for flexible conductive elements subjected to 
cyclic loading conditions. 

Beyond its mechanical optimisation, the proposed 
architecture also incorporates smart protection features. A 
temperature sensor is positioned within the housing to 
monitor potential overheating conditions during 
prolonged charging. In the event of abnormal temperature 
rise, the system is designed to interrupt power 
transmission. An LED indicator provides visual feedback 
regarding operational status. 

From a sustainability perspective, the device is 
developed according to modular architecture principles. 
The cable is integrated into a replaceable cartridge that can 
be independently removed and substituted without 
discarding the entire housing. This modular approach 
reduces material waste and supports circular economy 
strategies. 

The housing is conceived to allow mechanical 
disassembly without destructive operations, facilitating 
material separation at end-of-life. Colour variations of the 
external casing, shown in Figure 5, demonstrate the 

adaptability of the external design without modifying the 
internal modular configuration. 

 

   
 

Figure 5 Roulette changer – view. 
 
The complete 3D modelling and assembly 

development of the device were carried out using 
SolidWorks CAD software, enabling structural 
configuration and preliminary motion evaluation of the 
retractable mechanism [17], [19], [20]. Parametric 
adjustment and interference detection were performed to 
verify assembly compatibility between the dual-spool 
system and the housing structure. Particular attention was 
given to maintaining a consistent bending radius along the 
cable path in order to minimise local stress concentration 
during deployment and retraction. The digital model also 
facilitated integration of the smart components within the 
housing while preserving compact geometry and 
structural balance. The architecture was conceptually 
analysed under repeated extension–retraction conditions, 
indicating balanced cable tension distribution, improved 
deployment control and potential enhancement of fatigue 
resistance. By combining mechanical optimisation with 
modular replaceability, the system supports durability, 
ergonomic flexibility and waste reduction in line with 
circular economy principles. 
 
6. DISCUSSION 
 

The proposed smart modular retractable device 
represents an integrated approach that combines 
mechanical optimisation, smart protection and eco-design 
principles within a single architecture. Unlike 
conventional retractable cables currently available on the 
market, the proposed system emphasises modularity and 
design for disassembly, extending its relevance beyond 
simple mechanical convenience. 

The dual-spool configuration allows controlled cable 
deployment while reducing torsional stress and uneven 
mechanical loading. The integration of temperature 
monitoring introduces a preventive safety mechanism that 
is not typically incorporated into standard retractable cable 
systems. 

From a sustainability perspective, the modular 
cartridge concept supports repairability and component 
replacement without discarding the entire device. This 
approach aligns with circular economy strategies and 
contributes to waste reduction. 

However, the present study is limited to conceptual 
and digital development. No physical prototype has yet 
been manufactured, and experimental validation of 
mechanical durability, thermal behaviour and long-term 
wear resistance has not been conducted. Furthermore, a 
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complete Life Cycle Assessment (LCA) analysis has not 
been performed at this stage. 

Future research will focus on prototype fabrication, 
cyclic mechanical testing of the retractable system, 
ergonomic validation and environmental impact 
assessment. 
 
 
7. CONCLUSIONS 
 

This paper presented the conceptual development of a 
smart modular retractable USB cable device designed 
according to user-centred and eco-design principles. The 
proposed solution integrates a dual-spool retractable 
mechanism, smart overheating protection and a modular 
cartridge architecture intended to improve durability and 
sustainability. 

The contribution of the study lies in the integrated 
design approach that simultaneously addresses 
mechanical functionality, safety and environmental 
considerations within a common consumer electronic 
accessory. 

Although the current research is limited to digital 
modelling and conceptual validation, the results indicate 
the feasibility of the proposed architecture. Further 
experimental investigation is required to validate 
structural performance, usability and environmental 
impact. 
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