
ABSTRACT 
 

As global concerns over environmental impacts grow, there is an increasing demand for 

energy-efficient technologies across various sectors, including transportation. In response, the 

development of energy-efficient electric transport has garnered significant interest. This initiative 

aims to mitigate the environmental footprint of the transportation industry through the adoption of 

electric ships and aircraft.  These innovations can achieve superior energy efficiency compared to 

conventional modes of transportation, reducing greenhouse gas emissions associated with the 

transportation industry. 

Electric ships and aircraft will require advanced technologies such as high-temperature 

superconductors (HTS) to meet their demanding power and energy density requirements. One key 

application of HTS technology is the transmission system for high-power loads necessary for 

propulsion and onboard electrical systems. HTS power cables offer a compact solution capable of 

transmitting substantial power while adhering to the size and weight constraints. HTS technologies 

require cryogenic operating temperatures, and gaseous helium (GHe) is the preferred coolant, for 

electric transport applications. 

Effective electrical insulation is crucial for HTS cables operating in cryogenic 

environments. Conventional insulation materials often fail under such conditions due to becoming 

brittle and cracking. Lapped tape insulation has emerged as a promising solution, offering robust 

insulation that maintains structural integrity and high dielectric performance at cryogenic 

temperatures. Materials like polypropylene laminated paper (PPLP) and polyimide film (Kapton) 

have been identified previously for their suitability in GHe cooled lapped tape cable designs. To 

further enhance performance, new materials such as polytetrafluoroethylene (PTFE), polyethylene 

(PE), and polyethylene terephthalate (PET) have been identified due to their low dielectric 

constants and availability in thin tape form. Additionally, varying the conductor diameter has been 

explored to understand its impact on cable performance. 

Finite Element Method (FEM) analyses have been employed to evaluate lapped tape cable 

designs under both AC and DC electric fields. AC electric field simulations highlighted the 

potential of low dielectric constant materials in reducing electrical field enhancement, with larger 

conductor diameters also contributing to improved performance. Notably, AC simulations 

identified the grounding layer as a critical area of field enhancement. DC electric field simulations, 



on the other hand, indicated a transition in field behavior from being influenced by permittivity to 

conductivity factors as steady-state conditions were reached. The time required for DC steady state 

conditions to be established is a function of temperature, and cryogenic temperatures have a longer 

transition period compared to room temperature.    

Experimental validation involved the fabrication and testing of six lapped tape cable 

samples using PTFE, PE, and PET as insulation materials, paired with varying conductor 

diameters. Tests conducted at Florida State University’s Center for Advanced Power Systems 

(FSU-CAPS) under GHe cooled AC conditions measured partial discharge inception voltage 

(PDIV) and partial discharge extinction voltage (PDEV) of all cables. Meanwhile, DC partial 

discharge measurements were performed on PE cables subjected to prolonged DC stress 

conditions. The results from these experiments were compared against FEM simulations to 

validate the theoretical models. 

Analysis of the AC test results indicated that factors beyond insulation material and 

conductor diameter significantly influenced cable performance. Issues such as inconsistent 

application of the grounding layer and introduction of dust particles during manufacturing emerged 

as critical sources of human error that obscured the effects of insulating material and conductor 

diameter. Addressing these challenges through improved manufacturing processes and enhanced 

grounding layer applications was identified as crucial for optimizing HTS cable performance. 

DC test outcomes aligned closely with FEM simulations, suggesting that the models may 

accurately describe the behavior of lapped tape cables under DC stresses. Apparent charge 

measurements during DC tests demonstrated consistency with simulation results. However, there 

is a need for further DC measurements with extended run times and detailed data analysis to deepen 

the understanding of DC stress effects on lapped tape cables. 

 


