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Abstract- This research investigates the feasibility of integrating a six-phase Doubly-Fed 
Induction Generator (DFIG) with a six-phase transmission line to enhance power transfer 
capability during stressed grid conditions. The paper presents a comprehensive analysis of six-
phase system advantages, including improved thermal capability, reduced line loading, 
enhanced fault tolerance, and operational redundancy. A detailed mathematical model of a six-
phase DFIG is developed, and the synergy with six-phase transmission infrastructure is studied 
under both normal and contingency conditions. MATLAB/Simulink simulations validate the 
performance improvements, showing better power transfer capability and improved voltage 
stability margins during critical loading scenarios. 
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1. Introduction 
The global energy landscape is undergoing a significant transformation with the rapid growth 
of renewable energy sources such as wind and solar. While this shift contributes to a cleaner 
and more sustainable power grid, it also introduces unprecedented variability and operational 
complexity. Compounding this issue is the aging nature of existing transmission infrastructure, 
much of which was designed for more stable, centralized generation systems. 
 
Traditional three-phase systems, which have long served as the backbone of power 
transmission, are now increasingly being pushed to their thermal and stability limits. These 
systems are often unable to accommodate the rising demands and dynamic behaviour 
introduced by renewable generation and growing loads—especially during peak demand 
periods or contingency scenarios such as faults or equipment outages. 
 
To address these emerging challenges, the exploration of multiphase power systems, 
particularly six-phase architectures, has gained traction in recent years. Six-phase systems 
provide several key advantages over conventional three-phase systems. These include 
increased power transfer capability, reduced line current for the same power level, improved 
voltage regulation, and enhanced fault tolerance. Moreover, six-phase transmission allows for 
better utilization of existing rights-of-way without the need for entirely new infrastructure 
corridors. 
 
On the generation side, the Doubly-Fed Induction Generator (DFIG) has become a standard 
solution for variable-speed wind turbines, offering flexible control of active and reactive 
power. Extending the DFIG design to six phases not only aligns with six-phase transmission 
standards but also introduces additional degrees of freedom in control, further enhancing 
system efficiency and stability. 
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This paper investigates the feasibility of integrating a six-phase DFIG with a six-phase 
transmission line to create a synergistic, high-capacity, and resilient power delivery system 
through mathematical modelling and simulation in MATLAB/Simulink, the study evaluates 
the system’s performance under normal and stressed grid conditions. The goal is to assess 
whether such an integrated multiphase system can reliably alleviate grid stress and facilitate 
maximum power transfer without compromising stability or efficiency. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Motivation and Literature Review 
 
Six-phase transmission systems have been widely studied for their potential to increase power 
corridor capacity and enhance fault tolerance [1], [2]. Similarly, multiphase electrical machines 
have found application in specialized sectors such as aerospace and electric mobility, where 
improved reliability and redundancy are critical. These advancements highlight the technical 
benefits of multiphase systems in both generation and transmission domains. 
 
However, the integration of six-phase Doubly-Fed Induction Generators (DFIGs) with six-
phase transmission networks for utility-scale power injection remains an underexplored area. 
While individual components have been investigated extensively, their combined operation 
within a unified grid framework has received limited attention. 
 
The key research gaps identified are: 
 

 A lack of detailed studies evaluating the synergistic integration of six-phase generation 
with six-phase transmission systems. 

 
 Limited performance assessment of such systems under stressed grid conditions such 

as voltage sags, load fluctuations, or faults. 
 

 Insufficient dynamic modelling and simulation of six-phase DFIGs using real-time 
digital platforms or high-fidelity simulation tools. 

 
This paper aims to bridge these gaps by presenting a comprehensive feasibility analysis of a 
six-phase DFIG system integrated with a six-phase transmission line for enhanced grid support. 
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3. Six-Phase DFIG Modeling 

The Doubly-Fed Induction Generator (DFIG) is widely employed in wind energy systems due 
to its ability to operate over a wide speed range with independent control of active and reactive 
power. In a six-phase configuration, the stator comprises six windings spaced 60° apart, 
forming a dual three-phase system. This setup offers enhanced fault tolerance, improved 
thermal performance, and increased control flexibility compared to conventional three-phase 
systems.  

A Doubly-Fed Induction Generator (DFIG) allows independent control of active and reactive 
power via rotor-side converters. Extending this to six-phase enhances control granularity and 
power density. 

 

 

 

 

 

 

 

 

 

 
3.1 Mathematical Modelling  

The six-phase DFIG model is developed using vector space decomposition, which simplifies 
analysis by converting six-phase variables into multiple orthogonal subspaces. The stator 
voltage equations for each phase (a, b, c, d, e, f) are defined as: 

 
 
 
 
 
 
 
 
 
Using the d–q transformation pairwise, these voltages are decomposed into reference frames 
suitable for control. The dynamic model of the machine can be represented by the following 
flux linkage equations:  

Y 

Z 
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Where  

ψ is the flux linkage, 
v and i are voltage and current vectors, 
R is resistance, 
𝜔𝑟  is rotor speed. 

 
This modelling approach allows efficient control through vector PWM techniques, enabling 
the six-phase DFIG to deliver improved performance under unbalanced and stressed grid 
conditions. 
 

 
 
3.2 Transformation Modelling 
 
The d–q transformation is applied pairwise on the six phases for control. This decomposes the 
six-phase system into two orthogonal three-phase subsystems (α–β and x–y), each of which 
can be modelled using conventional d–q dynamic equations. The equivalent dynamic equations 
for each subspace in the synchronous reference frame are given as:  
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Where -  

 v = voltage (stator/rotor) 
 i = current (stator/rotor) 
 ψ= flux linkage 
 Rs, Rr = stator and rotor resistance 
 ωs = synchronous speed 
 ωr = rotor speed 

These equations govern the electromagnetic behaviour of the six-phase DFIG within the d–q 
control framework, allowing independent control of active and reactive power through the 
rotor-side converter. 
 
4. Six-Phase Transmission System 
 
Six-phase (hexa-phase) transmission systems are a natural extension of conventional three-
phase lines and have been proposed as a viable solution to meet increasing power demand 
without the need for new right-of-way corridors. By increasing the number of phases, these 
systems offer higher power transfer capacity, better thermal performance, and improved 
reliability, especially under faulted or stressed conditions. 
 
In a six-phase configuration, conductors are arranged symmetrically around a circle with 60° 
separation, leading to balanced electromagnetic fields and reduced phase-to-phase coupling. 
This arrangement allows for lower per-phase voltage for the same total power and reduced line 
current, effectively minimizing conductor heating and corona discharge. 
 
 
 
 
 
 
4.1 Impedance Characteristics 
 
The positive sequence impedance of a six-phase line can be expressed as: 
 
 
 

Where: 

 R is the resistance per phase, 
 L is the inductance, 
 C is the phase capacitance. 

By transposing conductor positions and using symmetrical layouts, mutual coupling effects are 
minimized, ensuring nearly uniform voltage and current distribution across all six phases. 
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4.2 Advantages Over Three-Phase Lines 
 

 Increased Power Transfer: Up to 1.73× (√3) more capacity for the same voltage level 
and conductor dimensions. 

 Lower Electromagnetic Interference (EMI): Due to better field cancellation. 
 Improved Fault Tolerance: Phase loss or fault affects a smaller percentage of total 

power. 
 Compact Design: Enables conversion of existing double-circuit lines to six-phase 

without expanding corridors. 
 
This makes six-phase transmission highly suitable for integration with modern renewable 
systems and for enhancing grid performance under stressed conditions. 
 
5. Integration Feasibility 
 
The integration of a Six-Phase Doubly Fed Induction Generator (6Φ-DFIG) with a Six-Phase 
Transmission Line (6Φ-TL) is a promising concept for enhancing the performance of future 
electric grids, especially under high-demand or stressed conditions. This integration aligns both 
generation and transmission in a polyphase environment, offering unique advantages in 
capacity, control, and fault tolerance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.1 Technical Compatibility 
 

 Voltage and Phase Matching: Both 6Φ-DFIG and 6Φ-TL operate with six conductors 
arranged symmetrically, making direct connection feasible **without requiring phase 
transformation** (unlike 3Φ–6Φ interface). 

 
 Impedance Balance: Matching six-phase generator output impedance with six-phase 

line impedance is critical for power quality and system stability. Advanced control 
strategies (like vector control) can ensure this. 
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5.2 Advantages of Integration 

 
Feature Benefit 

Increased Power Transfer 6Φ systems can carry \~1.732 times more power 
vs 3Φ 

Reduced Line Congestion Helps in stressed corridors with limited Right of 
Way (RoW) 

Enhanced Fault Tolerance 6Φ systems can withstand single or double line 
faults with reduced outage 

Lower Electromagnetic Interference Due to balanced layout and reduced mutual 
coupling.                         

Control Flexibility DFIG rotor converter allows reactive power 
support and voltage regulation. 

5.3 Control and Protection Considerations 
 

 Protection Scheme Redesign: New relay settings and fault detection mechanisms 
needed for 6-phase faults. 
 

 Converter Design: The rotor-side converter must be scaled to handle six-phase 
winding interactions. 

 
 Synchronism and Stability: 6Φ-DFIGs offer better damping under transient 

conditions due to distributed phase torque generation. 
 
5.4 Challenges 
 

 Lack of Standardization: Equipment and protection systems for 6Φ are not yet widely 
standardized. 

 Higher Initial Cost: More conductors, complex transformers (if required), and control 
systems. 

 Grid Compatibility**: Interfacing with existing 3-phase grid at substations needs 6Φ–
3Φ converters or transformers. 

 
6. Conclusion  
This paper has presented a comprehensive feasibility analysis of integrating Six-Phase Doubly 
Fed Induction Generators (6Φ-DFIGs) with Six-Phase Transmission Lines (6Φ-TLs) to address 
the growing need for enhanced power transfer in modern power systems. The study 
demonstrates that the six-phase architecture offers significant advantages in terms of increased 
power corridor utilization, improved fault tolerance, and enhanced dynamic controllability. 
Through evaluation of system-level compatibility, operational performance, and control 
strategies, the analysis confirms that such integration is not only technically viable but also 
beneficial for stressed grid conditions. While certain challenges persist—particularly in 
protection coordination, standardization, and grid interfacing—the findings indicate that with 
appropriate control and design, 6Φ-DFIG and 6Φ-TL systems can play a pivotal role in the 
future of high-capacity, resilient power networks. Further simulation, hardware validation, and 
pilot-scale implementations are recommended to fully realize this potential. 
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Hence it can be clearly understood that integration of six-phase DFIGs with six-phase 
transmission lines is technically feasible and strategically advantageous. It enables greater 
power transfer capability, improved fault tolerance, and increased control flexibility. However, 
practical implementation requires advancement in equipment design, protection schemes, and 
simulation-based validation. 
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