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Abstract. This study was motivated by the limited space for men's artistic gymnastics in Central 

Java, which generally uses a small and unrepresentative school arena, so the arrangement of 

equipment such as uneven bars, parallel bars, rings and saddle horses is not optimal. The aim of 

this study is to develop innovative multifunctional artistic gymnastics equipment in a limited 

space to optimise the gross motor development of junior male artistic gymnasts and to improve 

the effectiveness and efficiency of training. The research method uses a research and 

development approach with quantitative data from expert questionnaires, athletes and coaches, 

as well as analysis of equipment innovation based on Computer Aided Design (CAD) 

technology. The results of the analysis showed the maximum stress on the developed equipment, 

namely single bars 45.7 MPa, parallel bars 72.6 MPa, straps 29.48 MPa and saddles 92.9 MPa, 

which are located at the ends near the pivot point. The results of the analysis showed that the 

Innovation products are safe to use. The conclusion the conclusion of this research is the creation 

of artistic gymnastics equipment innovation in a limited space that is feasible to use.   

Keywords: artistic gymnastics; sports biomechanics; training tool; training equipment for 

gymnastics 
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1.   Introduction  

Artistic Gymnastics is a sport that requires special equipment with strict international standards [1], 

[2], [3]. Equipment such as single bars, parallel bars, bracelets and saddles play a vital role in supporting 

the training and performance of athletes, particularly in the development of young athletes [4], [5]. In 

Central Java, the main challenge for men's artistic gymnastics training is limited practice space, often in 

unrepresentative school gyms. This has an impact on the arrangement of equipment, which is sub-

optimal, often outside the building and exposed to external factors such as the weather. This condition 

disrupts the training process and has the potential to inhibit the gross motor development of the athletes, 

especially at the stage of learning the movement, getting the idea of the movement and fixation. The 

innovation and development of multifunctional gymnastics equipment in confined spaces is an 

important solution to improve the quality of training and support the gross motor growth of young 
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athletes. The development of modern sports science and technology presents a number of new in science 

and technology in meeting various sports facilities by integrating multi-functional space. [6], [7], [8]. 

The science and technology of sports engineering focuses on the development of equipment for sports 

that are multifunctional, complex and constant. In order to determine the constant sports equipment, 

computer aided design software is needed, which is part of the multidisciplinary study of sports 

engineering and as a fulfilment of the composition of the requirements in the code of points of artistic 

gymnastics. [9], [10]. Sports engineering is a field of science that determines the conceptual design of 

construction integrating high performance and sustainable gymnastics equipment [11]. 

Artistic gymnastics equipment requires a good design because the equipment is expected not 

to change position when the tool is used, so that the gymnast's movement technique is stable during 

training or competition [12], [13]. Innovation of appropriate sports equipment will have an impact on 

users and motor learning stages consisting cognitive stage, associative stage and autonomous stage [14], 

[15]. Growth and development stages of learning motion according to Gentile " s divide into 2 stages, 

namely getting the idea of the movement and fixation. Getting the idea of the movement Focusing on 

learning movement needs to identify relevant and irrelevant stimuli in relation to skills and movement 

patterns that are appropriate to achieve effective skill goals, while fixation relates to what is required 

by each type of skill in the movement patterns that must be produced to achieve the goal. 

Optimising the idea of movement and fixing it requires innovation in sports techniques that 

produce technical products and tactical functions, such as different times, different spaces and different 

positions according to the needs of the sport. These needs include the development of sports facilities 

and infrastructure among all the innovations of sports gymnasiums and the need for energy sources for 

gymnasts in the process of artistic gymnastics training [16], [17].  

Along with the development of science and technology, the field of sports engineering has 

facilitated various innovations in the world of sport, including the development of multifunctional and 

high-performance equipment. Sports engineering focuses on the development and design of complex 

yet effective sports equipment that can best support the training needs of different sports. Research into 

Computer Aided Design (CAD) as part of sports engineering has been widely applied to ensure that 

sports equipment meets the requirements of the Artistic Gymnastics Code of Points, particularly in 

terms of safety, stability and performance [4], [18]. 

  The existing literature indicates that the stability and quality of the construction of gymnastic 

equipment is of great importance. Unstable equipment can cause disturbances in the athlete's movement 

technique, affect the stability of movements and impede the process of motor learning. On the other 

hand, the stages of movement learning according to Gentile's theory of stages of learning emphasise 

the importance of getting the idea of the movement and fixation in mastering effective movement skills. 

Understanding and applying innovations in sports equipment that support this movement learning 

process is essential to accelerate and optimise the mastery of athletic skills. 

Previous research on the development of artistic gymnastics equipment has focused more on 

improving the standards and safety of the apparatus in a wide and ideal environment [19], [20]. 

However, there are gaps in research investigating the innovation of artistic gymnastics equipment in 

confined spaces, particularly those designed to support the gross motor development of young athletes 

with limited facilities. This study attempted to fill this gap by integrating several gymnastic tools, such 

as single bars, parallel bars, wrist bands and saddle horses, into a multi-functional tool suitable for 

small training spaces. This innovation is expected to support the exercise programme without 

interference from external factors and to meet the standards of the artistic gymnastics points code. 

Based on the observation, the use of artistic gymnastics equipment in Central Java on average with 

a school arena that is not representative as a means of exercise, especially on a single bar, parallel bars, 

bracelets and saddle horses in the arrangement is still outside the building, which has not been adapted 

to the needs of gross motor development gymnasts, it has an impact, this situation resulted in the 

ineffectiveness of the implementation of the exercise program due to external factors, one of which is 

the weather factor. To overcome these problems, researchers need to explore the innovation of artistic 
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gymnastics equipment in a limited space as the optimisation of gross motor growth, getting the idea of 

movement and fixation in accordance with the anthropometric needs of junior men's artistic gymnasts 

by integrating single bars, parallel bars, bracelets and saddle horses designed into one tool, as a means 

of mastering gymnasts ' movement skills to meet the composition of the artistic gymnastics code of 

points. This study aims to develop innovative artistic gymnastics equipment in a limited space in order 

to optimise the gross motor development of junior male artistic gymnasts. This innovation integrates 

several gymnastic tools into a safe, efficient and effective multifunctional equipment, which is able to 

improve the gymnasts' movement skills and meet the composition of the artistic gymnastics code of 

points. 

2.   Methods 

This study uses research and Development methods, with quantitative and qualitative approaches to 

develop multifunctional artistic gymnastics equipment that fits the needs of limited space [21], [22], 

[23]. The study participants consisted of 20 people, namely 5 experts, 10 athletes and 5 coaches, selected 

by purposive sampling. The research design includes several stages: initial data collection through 

questionnaires and interviews, development of tool design using computer aided design (CAD) 

technology, validation of the tools by experts and users, and field trials [24]. Data measurement was 

carried out using questionnaires to measure user perceptions of the functionality, safety and 

effectiveness of the space, and interviews to explore the user experience. Data analysis was quantitative 

using descriptive statistics and qualitative using thematic analysis. The research process includes needs 

identification, data collection, tool design, validation, testing and analysis of the results to provide 

recommendations for improving the tool. 

 
Table 1. Questionnaire of gymnasts and technologists 

No Criteria Rating Indicators 

Expert 

Assessment 

Results 

1 2 3 4 

1 Aspects Of Originality 

 

Is the result of the findings of researchers.     

There is a distinguishing aspect with existing sports technology.     

2 Aspects Of Innovation 

Excellence 

Has advantages in innovative tool design.     

3 Aspects Of Usefulness Has the power to use a multifunctional tool as an effort to develop 

artistic gymnastics achievements in Central Java. 

    

4 Economic Aspects 

 

Have a positive impact in the application of cutting-edge 

technology CAD, in designing products development of multi-

purpose exercise equipment artistic gymnastics on a limited space 

    

Has commercialization potential and market reach     

5 Security Aspects Have a good level of security for artistic gymnasts     

6 Comfort Aspects Has a good comfort level for artistic Gymnastics athletes     

7 Aspects Of 

Completeness Of 

Supporting Data 

Has a description in the use of multi-purpose exercise equipment 

development of Artistic Gymnastics in a limited space 

    

3.   Results and discussion 

 The results of the evaluation questionnaires carried out by gymnasts and technical experts on the 

innovation of the multipurpose apparatus for artistic gymnastics show that this apparatus receives a 

positive response in various aspects, such as originality, excellence of innovation, usefulness, economy, 

safety, comfort and completeness of the supporting data. The results of the expert questionnaire are 

presented in Tables 2 and 3. 
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Tabel 2.  Results of filling out questionnaires gymnasts and technologists 

No Criteria Rating Indicators 

Expert 

Assessment 

Results 

1 2 3 4 

1 Aspects Of Originality Is the result of the findings of researchers. 3 4 4 3 

There is a distinguishing aspect with existing sports 

technology. 
3 3 4 3 

2 Aspects Of 

Innovation 

Excellence 

Has advantages in innovative tool design. 

4 3 4 3 

3 Aspects Of 

Usefulness 

Has the power to use a multifunctional tool as an effort 

to develop artistic gymnastics achievements in Central 

Java. 

4 4 3 4 

4 Economic Aspects 

 

Have a positive impact in the application of cutting-edge 

technology CAD, in designing products development of 

multi-purpose exercise equipment artistic gymnastics on 

a limited space 

4 3 3 4 

Has commercialization potential and market reach 3 3 3 3 

5 Security Aspects Have a good level of security for artistic gymnasts 3 3 3 4 

6 Comfort Aspects Has a good comfort level for artistic Gymnastics athletes 4 3 3 3 

7 Aspects Of 

Completeness Of 

Supporting Data 

Has a description in the use of multi-purpose exercise 

equipment development of Artistic Gymnastics in a 

limited space 

4 4 3 4 

 

Tabel 3.  Percentage assessment of gymnasts and technologists 
NO Criteria Rating Indicators Percentage 

1 Aspects Of 

Originality 

 

Is the result of the findings of researchers. 87,5 % 

There is a distinguishing aspect with existing sports 

technology. 

81,25 % 

2 Aspects Of 

Innovation 

Excellence 

Has advantages in innovative tool design. 87,5 % 

3 Aspects Of 

Usefulness 

Has the power to use a multifunctional tool as an 

effort to develop artistic gymnastics achievements in 

Central Java. 

93,75 % 

4 Economic Aspects 

 

Have a positive impact in the application of cutting-

edge technology CAD, in designing products 

development of multi-purpose exercise equipment 

artistic gymnastics on a limited space 

87,5 % 

Has commercialization potential and market reach 75 % 

5 Security Aspects Have a good level of security for artistic gymnasts 81,25 % 

6 Comfort Aspects Has a good comfort level for artistic Gymnastics 

athletes 

81,25 % 

7 Aspects Of 

Completeness Of 

Supporting Data 

Has a description in the use of multi-purpose 

exercise equipment development of Artistic 

Gymnastics in a limited space 

93,75 % 

  

  
The results of the questionnaire assessment Table 1, in general, the results show that this tool has 

advantages in originality, innovative design, as well as high usefulness, especially in coaching artistic 

gymnastics achievements, although there are some variations in the assessment, especially in the aspect 

of convenience and commercialisation potential. Table 2, where the usefulness and completeness of 
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supporting data received the highest score (93.75%), while the commercialisation aspect received a 

lower percentage (75%). The aspects of originality, innovation, economy, safety and comfort are also 

considered to be quite high with percentages above 80%. Overall, the tool is considered to have strong 

potential in various aspects, but the potential for commercialisation and comfort can still be improved. 

Here's a picture of the initial design of the Artıstık gym equipment in a limited space. 
 

 

 

Figure 1. Specification Of Single Cross 

  

 
Figure 2. Single Crossbar Design 

 

 

  
Figure 3. Specification Of Horse Saddle Stage 1 
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Figure 4. Specification Of Horse Saddle Stage 2 

 

 

  
 

 

Figure 5. Specification Of Horse Saddle Stage 3 

 

  
Figure 6. Saddle Horse Design 
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Figure 7. Specification Of Parallel Bars 

 

  
Figure 8. Parallel Bars Design 

 

  
Figure 9. Specification of bracelets Stage 1  
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Figure 10. Specification of bracelets Stage 2 

 

  
Figure 11. Specification of bracelets Stag  

 

 
Figure 12.  Design bracelets 

 

 Product design analysis of artistic gymnastics equipment innovation in limited space using computer 

aided design. Stages of the simulation process carried out on the assembly of a single bar tool, parallel 

bars, saddle horses and wristbands on the structure of the assembled parts will be simulated separately, 

and each reaction force that occurs due to loading on the first component will be used as input parameters 

for the simulation of the second component, and so on. The simulation to be carried out is a simulation 

used to describe or take into account the effects that occur on the components due to loading. The load 

applied in this simulation is 700 Newtons. This value is obtained by estimating that the weight of the 

user is 70 kg. The results of the tool section that has been analysed, obtaining the maximum stress on 

the single cross section 45.7M.Pa, parallel bars of 72.6 MPa, bracelets of 29.48 MPa saddle horses of 

92.9 MPa, which are located on the end parts near the fulcrum in the developed tool. Based on the results 

of the computer aided design analysis, the products used can be used safely. 

 

Disscussion 

The identification of artistic gymnastic talent in Central Java is still based on a traditional approach 

that does not differentiate the quality of prospective gymnasts. Proper anthropometric composition is 

considered important to support performance. However, the majority of gymnastics organisations still 
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use cramped school gyms, which means that the arrangement of equipment is not optimal and is affected 

by the weather. Equipment innovation involves collaboration between engineering, sports medicine and 

equipment manufacturers to develop products that meet the needs of athletes. The development of 

facilities and infrastructure is necessary to meet the standards of artistic gymnastics and to support the 

mastery of movement skills in accordance with the anthropometry and mechanics of gymnastic 

movements [25], [26], [27]. 

Gross motor development in young artistic gymnasts is essential to ensure optimal physical growth. 

Gross motor skills involve the movement of large muscles and must be developed early so that the 

gymnast can master basic techniques such as vaulting and tumbling. This exercise also promotes 

coordination and balance, which are essential for performing complex movements on gymnastic 

apparatus. [28], [29], [30]. 

 
Figure 13. The interrelation of classical engineering, science, sports medicine and sports equipment 

 

Anthropometry plays an important role in monitoring the athlete's physical growth, including 

muscle mass and changes in posture. Between the ages of 8-13 years, the focus of training is on basic 

motor development and muscle stability, while heavy weight training must be avoided to prevent injury 

[31], [32], [33]. Between the ages of 14 and 18, muscle mass growth can be further enhanced by planned 

training. Anthropometric monitoring in athletes under the age of 17 is important to ensure that height 

growth and body composition are in balance with muscle strength [34], [35].  

The rapid growth in posture, particularly during adolescence, affects performance. Biomechanics 

also plays a role in understanding the movement and strength required for gymnastic apparatus such as 

uneven bars and parallel bars, where body proportions and muscle strength must be adapted to the 

developmental stage of the young athlete. Structured training in line with physical development and 

regular monitoring are necessary to optimise performance and avoid injury [21], [36], [37]. 

Research on parallel bars has shown that skills such as huge backward swings require special 

technique.  

Especially as the apparatus has height limitations that affect movement. There are significant 

differences between parallel bars and horizontal bars in terms of joint torsion and mechanical work, 

particularly on the shoulder and hip joints. Coaches need to understand these differences in order to train 

gymnasts effectively. 

In addition, tools such as wrist bands and saddle horses also require strong muscle control, 

especially in young gymnasts under the age of 17 who are still in the growth phase. The biomechanics 

of this apparatus are influenced by anthropometrics such as arm length and body proportions. Saddle 

horses, require core muscle strength and flexibility, where different body proportions can affect balance 

and performance [38], [39], [40].  
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An understanding of biomechanics and anthropometry is essential to help young gymnasts adapt 

to their physical development. Exercises adapted to the growing body of young athletes can optimise 

their performance and prevent injuries, while improving their ability to master movements on various 

gymnastic apparatus. 

The single bar has been designed with good construction and appropriate materials to ensure 

safety during use. The simulation results show that the safety factor is in the good category and the 

elasticity of the bars meets the standards of the Artistic Gymnastics Code of Points. This ensures that 

the equipment can be used safely during training sessions. The elasticity of rail bars allows for efficient 

energy storage and recovery. However, studies show that gymnasts sometimes release the bar when they 

jump, which can reduce the effectiveness of the technique. Gymnasts can use this elasticity to determine 

the right time to perform a skill, based on the tension felt in the hands when using rail bars [41], [42], 

[43]. 

To increase flexibility, single bar products are fitted with springs that have a positive effect on 

the elasticity of the rail bars. Flexibility and the use of springs help to minimise the impact between 

components, supporting flexibility during use. According to the Federation Internationale de 

Gymnastics, individual bars act as linear springs, with a linear relationship between the load applied and 

the tension on the bars. The tension of the wires that stabilise the uprights also affects the stiffness of 

the bars, which can affect a gymnast's technique [44]. Research shows that bar displacements are 

calibrated with forces ranging from 100N to 4000N, with three levels of cable tension reflecting the 

variations commonly used. 

The use of AIDS with an electric motor drive in the circular movements of artistic gymnasts on 

the saddle horse apparatus. Research shows that the location of the suspension (knee or ankle) affects 

the kinematics and kinetics of the movement. Assisted knee movement is more similar to unassisted 

movement than ankle suspension, indicating an increase in the diameter of ankle movement. Suspension 

in the knees reduces the moment of inertia and results in a shorter duration of movement [17], [45]. 

These aids also help to correct the amplitude of movement by reducing body flexion and 

increasing shoulder extension, regardless of the point of suspension. Suspension at the ankle provides 

greater vertical movement and maintains a higher position, thus optimising the gymnast's movement 

skills. In addition, AIDS, with its elastic bearing components, helps the junior gymnast develop gross 

motor skills. Although the hip joint moment is lower in the knee suspension, there is no significant 

difference in the front suspension between the knee and ankle [46], [47]. 

Application of biomechanical principles to optimise the performance of gymnasts on parallel bars, 

particularly for junior male artistic gymnasts. Mastering gymnastic elements on parallel bars involves 

the development of an elastic apparatus as well as kinematic and dynamic analysis of the gymnast's 

movements. Factors such as height, leg length, knee and shoulder joints are important to consider. 

Research has shown that the kinetic energy lost during a swing can be compensated for by the use 

of the hip and shoulder joints. On parallel bars, hip and shoulder extension torques are required to lift 

the body, and the regulation of these torques is more complex than on horizontal bars. The torsional 

effort on the Pralel bars is greater, especially in the shoulder joint, which requires a longer and more 

intense effort to reach the handstand position. 

Mastering artistic gymnastics movements on the horizontal bar requires the constant involvement 

of concentric and eccentric muscles due to the instability of the apparatus, which moves in all directions. 

This has implications for technique, particularly in movements such as kip, swing, swing to handstand, 

strength elements and hold elements. Coaches and gymnasts should develop technique and strength at 

the same time, especially in the preparatory phase. 

Angular momentum and moment of inertia play an important role in the rotation of the body that 

occurs when the gymnast performs spins in the air on apparatus such as single bars, parallel bars and 

rings. Friction, air resistance and load torque affect the speed and control of the rotation. The elasticity 

of the apparatus also allows energy to be stored and recovered, which helps in certain movements, 

although it must be used precisely to avoid negative effects. 
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Static and dynamic balance are very important in gymnastics, with the gymnast's ability to control 

angular momentum when performing movements such as handstands. Meanwhile, dismount ability 

relies on conservation of momentum, where the gymnast uses torque to control rotation and take-off 

speed. 

An important new finding in the study is the emphasis on developing training tools that match the 

physical development of junior gymnasts. The study adds a new dimension by introducing innovative 

tools that can be adapted to gymnasts' anthropometry and confined training spaces, which have not been 

extensively addressed in previous studies. The study also introduces the effect of equipment elasticity 

on joint torsion, which can be used by trainers to improve gymnasts' technique, particularly in dynamic 

and static movements. 

The main implication of this study is to improve the effectiveness of the training of young artistic 

gymnasts by developing equipment that is more adaptable to anthropometric changes. This can help 

gymnasts optimise their physical development and reduce the risk of injury, especially during the period 

of rapid growth at puberty, this can help gymnasts optimize their physical development and reduce the 

risk of injury, which in terms of gravity, torque, and joint extension play an important role in movement 

control and injury prevention. Product innovation of artistic gymnastics equipment in limited space on 

single bars, parallel bars and bracelets is a tool that requires high strength and coordination because 

gymnasts perform various acrobatic movements, the influence of gravity on the developed product is 

very significant in the release and landing phases, while in the saddle horse tool, gymnasts perform 

simultaneous and repetitive 360-degree circuits using balance and body momentum with aids that are 

emphasized on the ankles as mastery of gymnast movements in joint extension and rotation of leg 

movements during circuits. 

In addition, the innovation of this tool provides opportunities for gymnastics coaches and 

organisations to create a safer and more effective training environment, regardless of space and weather 

constraints. Potential product innovation of artistic gymnastics equipment in limited space has 

commercial viability in the market reach economically with estimated product manufacturing costs more 

efficient by integrating the equipment 4 tools into one tool and can be used practically by coaches and 

gymnasts. 

Trials of this innovative equipment need to be conducted over a longer period of time to truly 

understand its impact on the overall performance of gymnasts. In addition, further research is needed to 

test the effectiveness of this equipment in different age groups and skill levels, particularly in senior 

gymnasts who have different biomechanical challenges to junior gymnasts. Overall, this research adds 

to the understanding of how anthropometric and biomechanical factors can be optimised through 

gymnastic equipment innovation, which is relevant to improving gymnast performance and safety. 

4.   Conclusions 

Product innovation artistic gymnastics equipment in a limited space is specifically used as an 

alternative means of exercise to optimize the implementation of the exercise program as the optimization 

of gross motor development artistic gymnasts junior men to improve the skills of athletes on a single 

crossbar, parallel bars, bracelets and saddle horses without interference external factors. Gymnast 

models include anthropometric segments in determining the correct training programme and require 

upper body strength and stability as well as the ability to coordinate core muscle movements. Longer 

and less stable postures in young athletes can be a challenge in maintaining balance when performing 

jumps and rebounds on the single bar, the parallel bars of the saddle horse. From an anthropometric 

point of view, body proportions such as arm length and height greatly influence the effectiveness of 

repulsion and swing movements. Biomechanics also takes into account the moment of force resulting 

from the gymnast's movement to flex/lengthen the joint and increase the gymnast's mechanical energy 

to support performance. 
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