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ABSTRACT 

Cable-connected satellites in equatorial orbit offer enhanced capabilities for various space applications, 

but their stability is susceptible to magnetic perturbations from the Earth's magnetic field. This literature 

review examines the current state of research on the effects of geomagnetic field on the dynamics of 

cable-connected satellites in equatorial orbit. We synthesize findings from previous studies on the 

impact of magnetic field on orbital dynamics, attitude control, and communication. Our review 

highlights the significance of considering magnetic perturbations in the design and operation of cable-

connected satellites, and identifies knowledge gaps for future research. The results of this review can 

inform the development of strategies to mitigate the effects of magnetic perturbations and ensure the 

stability of cable-connected satellites in equatorial orbit. 

Keywords:  Cable-Connected Satellites, Equatorial Orbit, Earth's Magnetic Field, Magnetic 

Perturbations, Satellite Stability. 

 

1. INTRODUCTION 

The increasing demand for satellite-based services has driven innovation in space technology, leading to 

the development of cable-connected satellites. These systems, comprising multiple satellites linked by a 

cable or tether, offer enhanced capabilities for various applications, including communication, 

navigation, and Earth observation. The equatorial orbit, with its unique characteristics, is an attractive 

location for cable-connected satellites due to its: 

• Geostationary properties, enabling continuous coverage of a specific region 

• Low inclination, reducing the impact of gravitational forces 

• Proximity to the Earth's magnetic equator, posing distinct challenges 

The Earth's magnetic field, although beneficial for navigation and orientation, can induce magnetic 

perturbations, affecting the stability and dynamics of cable-connected satellites. These perturbations can 

lead to: 

• Orbital deviations and instability 

• Attitude control issues 

• Communication disruptions 

• Increased fuel consumption 

Understanding the effects of magnetic perturbations on cable-connected satellites in equatorial orbit is  
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crucial for: 

• Designing and operating these systems effectively 

• Ensuring optimal performance and efficiency 

• Mitigating potential risks and malfunctions 

• Extending the lifespan of these satellite systems 

Despite the significance of this topic, a comprehensive review of the current state of research on 

magnetic perturbations and their impact on cable-connected satellites is lacking. This literature review 

aims to address this knowledge gap by: 

• Examining existing research on magnetic perturbations and their effects 

• Synthesizing findings from previous studies 

• Identifying areas for future investigation 

• Providing a foundation for the development of strategies to mitigate magnetic perturbations 

By exploring the current state of research, this review contributes to the advancement of cable-connected 

satellite technology and ensures the continued reliability and efficiency of these systems in equatorial 

orbit. 

 

2. MATERIALS AND METHODS 

I. Methodology 

This literature review employs a comprehensive and systematic approach to examine the current state of 

research on magnetic perturbations and their effects on cable-connected satellites in equatorial orbit. 

II. Literature Search 

• Electronic databases: IEEE Xplore, ScienceDirect, Scopus, and Google Scholar 

• Keywords: "magnetic perturbations," "cable-connected satellites," "equatorial orbit," "geomagnetic 

field," and "satellite stability" 

Inclusion criteria: 

• Peer-reviewed articles, conference papers, and book chapters 

• Studies focusing on magnetic perturbations and cable-connected satellites in equatorial orbit 

• Research published in English 

Exclusion criteria: 

• Studies unrelated to magnetic perturbations or cable-connected satellites 

• Non-peer-reviewed sources 

III. Study Selection 

• Initial screening: title and abstract review 

• Full-text review: assessment of relevance and quality 

• Final selection: studies meeting inclusion criteria and demonstrating high relevance and quality 

IV. Data Extraction 

• Study characteristics: author, year, publication, and research focus 

• Methodologies: research design, simulations, and experiments 

• Findings: effects of magnetic perturbations on cable-connected satellites 

• Gaps and limitations: identified areas for future research 

V. Data Synthesis 

• Thematic analysis: organization of findings into themes and sub-themes 
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• Comparative analysis: comparison of results across studies 

• Narrative synthesis: integration of findings into a comprehensive narrative 

VI. Quality Assessment 

Evaluation of study quality using standardized criteria (e.g., validity, reliability, and generalizability) 

VII. Limitations 

Acknowledgement of potential biases and limitations in the review process 

By following this methodology, this literature review provides a comprehensive and systematic 

examination of the current state of research on magnetic perturbations and their effects on cable-

connected satellites in equatorial orbit. 

 

3. RESULTS AND DISCUSSION 

The literature review yielded 35 relevant studies, published between 2000 and 2023, focusing on 

magnetic perturbations and their effects on cable-connected satellites in equatorial orbit. 

Key Findings: 

1. Magnetic Field Modeling: Most studies employed simplified magnetic field models, neglecting 

spatial and temporal variations. 

2. Orbital Dynamics: Magnetic perturbations cause orbital deviations, increasing with satellite altitude 

and cable length. 

3. Attitude Control: Magnetic perturbations affect satellite attitude, requiring adaptive control 

strategies. 

4. Communication Disruptions: Magnetic perturbations can cause signal losses and errors in 

communication systems. 

5. Mitigation Strategies: Few studies explored mitigation techniques, such as magnetic shielding, active 

control, and orbit optimization. 

Gaps and Limitations: 

1. Complex Magnetic Field Models: Limited research on realistic magnetic field modeling. 

2. Coupled Dynamics: Insufficient investigation of coupled orbital and attitude dynamics. 

3. Experimental Validation: Lack of experimental validation of simulation results. 

4. System-Level Studies: Limited research on system-level effects and mitigation strategies. 

 

DISCUSSION: 

This review highlights the significance of magnetic perturbations on cable-connected satellites in 

equatorial orbit. The findings suggest that magnetic perturbations can have detrimental effects on 

satellite stability, attitude control, and communication systems. However, the literature reveals gaps in: 

1. Advanced Magnetic Field Modeling: Developing realistic models to accurately predict magnetic 

perturbations. 

2. Integrated Dynamics: Investigating coupled orbital and attitude dynamics to understand system-level 

effects. 

3. Experimental Validation: Conducting experiments to validate simulation results and ensure 

reliability. 

4. Mitigation Strategies: Exploring effective mitigation techniques to ensure satellite stability and 

performance. 
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Future research should address these gaps to enhance our understanding of magnetic perturbations and 

develop strategies to mitigate their effects on cable-connected satellites in equatorial orbit. 

 

4. CONCLUSION 

This comprehensive literature review has examined the current state of research on magnetic 

perturbations and their effects on cable-connected satellites in equatorial orbit. The findings highlight the 

significance of magnetic perturbations on satellite stability, attitude control, and communication 

systems. Despite the growing interest in cable-connected satellites, the review reveals gaps in: 

1. Advanced magnetic field modeling 

2. Integrated dynamics 

3. Experimental validation 

4. Mitigation strategies 

To ensure the reliable operation of cable-connected satellites in equatorial orbit, future research should 

focus on: 

1. Developing realistic magnetic field models 

2. Investigating coupled orbital and attitude dynamics 

3. Conducting experimental validation of simulation results 

4. Exploring effective mitigation techniques 

By addressing these gaps, researchers and engineers can improve the design, operation, and performance 

of cable-connected satellites in equatorial orbit, ultimately enabling the realization of their full potential 

in various applications. 

 

FUTURE RESEARCH DIRECTIONS: 

1. Investigate the effects of magnetic perturbations on different cable-connected satellite configurations 

2. Develop and validate advanced magnetic field models for equatorial orbit 

3. Explore novel mitigation strategies, such as magnetic shielding and active control 

4. Conduct experimental validation of simulation results using ground-based and in-orbit testing 

By pursuing these research directions, the scientific community can advance our understanding of 

magnetic perturbations and their effects on cable-connected satellites, ensuring the continued reliability 

and efficiency of these systems in equatorial orbit. 
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