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This study focuses on the design, construction, and validation of a digital-
adjustable, weight-free home fitness device for muscle training. The research
adopted a mixed-methods approach, providing a comprehensive evaluation
of the device's performance. Initially, existing equipment and resistance
training methods were analyzed, gathering essential information for the
preliminary design. Three-dimensional models and prototypes were
developed using software such as Rhino Cross 6 and AutoCAD 2018. For
validation, the device’s resistance was tested with a digital dynamometer in
eight different settings, yielding a high validity with a correlation coefficient
of 0.9. The reliability of the device was also assessed across three exercises
(seated leg extension, seated chest press, and seated biceps curl) with 10 kg
weights, repeated five times, resulting in a reliability coefficient of 0.8. These
results indicate the device's high accuracy and consistent resistance. With
precise digital adjustments and the capability for varied strength exercises,
this device enables users to conduct effective, high-quality workouts at home,
contributing to muscle strengthening and improved fitness.
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Extended Abstract

In recent years, there has been a growing global emphasis on health and fitness,
particularly in developed countries where wellness is increasingly prioritized. The fitness
industry has seen significant expansion, especially in the market for home fitness
equipment. Many individuals are opting for at-home workouts due to convenience,
privacy, and time constraints. However, traditional fithess equipment poses challenges
for home use, including its bulkiness, heaviness, and cost. These issues not only make
it difficult for users to set up a proper workout environment at home, but they also
negatively impact the environment due to the extensive use of non-sustainable
materials like steel. In response, this study focuses on designing a digital, weight-free
fitness device that is compact, portable, eco-friendly, and provides an adjustable
resistance mechanism suitable for home use.

Objective of the Study

The primary objective of this project is to design, develop, and validate a digital fitness
device that does not rely on traditional weights but offers effective resistance training for
home users. This study aims to address key issues with existing fithess equipment,
such as bulkiness, space consumption, and high production costs while incorporating
eco-friendly materials and energy-efficient designs to minimize environmental impacts.

Review of Existing Fithess Equipment

To better understand the gaps in the current market, a detailed review of existing fitness
equipment was conducted. The fithess equipment market can generally be divided into
three main categories: cardiovascular machines (e.g., treadmills, ellipticals), resistance
training equipment (e.g., free weights, machines), and accessories (e.g., resistance
bands, yoga mats). Resistance training equipment, which this study focuses on,
involves using equipment or body weight to provide resistance to muscle movement,
helping build strength and endurance.

Most traditional resistance training equipment, such as dumbbells and barbells, rely on
large, heavy metal plates to provide resistance. While effective, these devices are often
expensive, difficult to transport, and take up a lot of space. Larger home gyms often use
multi-functional machines, which provide resistance via weight stacks or plates but
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require ample space and come with high costs. More advanced equipment uses motors,
pneumatics, or hydraulics to offer adjustable resistance. Although these technologies
allow for precise control over resistance levels, they are often complex, expensive, and
still require significant space.

The growing market for compact, adjustable resistance equipment has produced items
such as resistance bands or portable cable machines. However, many of these
solutions lack the precision or stability of traditional weights and gym machines. Thus,
there remains a clear demand for a device that offers precise, adjustable resistance
without relying on heavy metal weights, which can be used effectively in limited space.
Device Design and Modeling

The design process for the digital, weight-free fithess device began with a simple
concept: eliminate traditional weight stacks by replacing them with a mechanical system
that adjusts torque to create resistance. The core of this system is a combination of
springs and coated steel cables that can simulate the resistance typically provided by
weights. This mechanism not only reduces the size and weight of the device but also
makes it highly portable and suitable for home use.

Preliminary calculations were carried out to determine the torque variations required to
match the resistance levels of common gym machines. These calculations helped
determine the specifications of the mechanical components, including the springs,
cables, and pulleys. The design was then modeled using 3D modeling software such as
Rhino and AutoCAD to visualize the dimensions, layout, and ergonomics of the device.
The final design aimed to ensure that the device would be compact, ergonomic, and
easy to use, while also offering enough adjustability to accommodate different exercise
movements.

Special attention was given to the design of the handle and grip areas to ensure comfort
during use, as well as to the placement of the cables and pulleys to allow for a variety of
exercise movements. The goal was to create a versatile device capable of supporting a
wide range of resistance-based exercises, such as squats, chest presses, rows, and

arm curls, while taking up minimal space in a home environment.
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Manufacturing Process

After finalizing the design, the manufacturing process began. The key mechanical
components, including the torque adjustment mechanism, were fabricated using high-
precision laser-cutting machines to ensure accuracy and consistency in part
dimensions. High-strength steel was used for the springs and cables to provide reliable
resistance, while lightweight materials such as aluminum and plastic were used for the
frame and housing of the device to reduce overall weight.

The components were assembled using high-precision welding techniques to ensure
the device's structural integrity. The adjustable resistance system was designed around
a pulley mechanism, allowing users to control the tension on the steel cables by
adjusting the position of the pulleys. This setup provides the necessary resistance for
strength training exercises without relying on traditional weights.

Electronic Integration and Digital Interface
A key feature of the device is its digital resistance adjustment, which allows users to
select their desired resistance level with ease. To achieve this, an electronic control
system was integrated into the design. A digital circuit was programmed using C++ to
control the resistance mechanism and display the current resistance level on a small
screen. The user interface was designed to be simple and intuitive, allowing users to
increase or decrease resistance with the push of a button.

Additionally, the device tracks the number of repetitions performed during each exercise
session, providing real-time feedback to users on their progress. This information is
displayed on the screen, helping users monitor their performance and set goals for
future workouts. The electronics were integrated into the housing of the device in a way

that minimizes bulk while ensuring durability and reliability.

Testing and Validation

Once the device was fully assembled, a series of tests were conducted to evaluate its
performance, accuracy, and durability. The resistance mechanism was tested under

various conditions to ensure that it could provide a consistent and precise level of
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resistance for a variety of exercises. Measurements were taken to confirm that the
torque output matched the resistance levels specified by the user on the digital display.
The device underwent rigorous durability testing, including stress tests to assess its
performance under heavy loads and repetitive use. These tests confirmed that the
device could withstand the demands of regular strength training without experiencing
significant wear or degradation. Additionally, the calibration of the digital resistance
system was verified, ensuring that the device accurately reflected the resistance
settings selected by the user.

The final round of testing involved user trials, where individuals of different fitness levels
tested the device in a simulated home workout environment. Feedback was gathered on
the ease of use, comfort, and overall effectiveness of the device. The results were
overwhelmingly positive, with users reporting that the device was easy to operate,
provided a good range of resistance, and was convenient for home use.

Features and Benefits

The digital, weight-free fithess device offers several distinct advantages over traditional
fitness equipment:

1. Digital Resistance Adjustment: Users can easily select and adjust their resistance
level through a simple digital interface, making it easier to customize workouts.

2. No Traditional Weights: By eliminating heavy metal weights, the device reduces
bulk and makes storage simple, offering the same resistance training benefits in a more
compact package.

3. Eco-Friendly Design: The device uses recyclable materials, reducing the
environmental impact compared to conventional equipment made from steel and other
non-sustainable materials.

4. Portability: The device is lightweight and compact, making it easy to move and
store in small spaces. This feature is ideal for users who have limited room for fitness
equipment at home.

5. Versatility: The device can be used for a wide range of strength training
exercises, including both upper and lower body movements. It is designed to support

isometric, isotonic, and isokinetic exercises.
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6. Affordable: The simplified design and use of alternative materials make this
device more affordable than many traditional home gym setups, lowering the barrier to
entry for users seeking home workout solutions.

Conclusion

In conclusion, the development of this digital, weight-free home fitness device
represents a significant innovation in the field of strength training equipment. By using
advanced mechanical systems and digital control mechanisms, this device offers a
highly effective and customizable workout solution in a compact, portable form factor.
Moreover, its eco-friendly design and focus on affordability make it an attractive option
for individuals looking to engage in strength training at home without the need for bulky,
expensive equipment.

The results of the testing and validation process confirmed the device’s functionality,
durability, and user-friendliness, demonstrating that it is a viable alternative to traditional
resistance training equipment. Looking ahead, further development could include
additional features such as mobile app integration, allowing users to track their workouts
and progress over time. This would enhance the device’s appeal and ensure that it

continues to meet the evolving needs of the fithess market.
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