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Abstract

Applied-field magnetoplasmadynamic (AF-MPD) thrusters are a form of high-power, high efficiency and high specific
impulse in-space electric propulsion for satellites and spacecraft, utilising strong external magnetic fields to accelerate
plasma to high velocities [1-4]. A New Zealand consortium led by Paihau-Robinson Research Institute is currently
developing an AF-MPD thruster that will be significantly enhanced by the use of high-temperature superconducting
(HTS) electromagnets [5]. The use of such HTS applied field modules will substantially reduce the mass, power and
volume required for AF-MPD thrusters, paving the way for their use in space [6-8].

To date there have been no public examples of HTS electromagnets operating in space. It is therefore vital to
demonstrate the superconducting components for an AF-MPD thruster in a relevant space environment to assess their
suitability for long-duration use and relevant operational constraints. A team led by Paihau-Robinson Research Institute
has partnered with Nanoracks LLC to to demonstrate the successful operation of an AF-MPD compatible HTS magnet
on the Nanoracks External Platform (NREP). This demonstration will bean important step toward the validation and
commercialization of this key enabling technology.

The HTS magnet thruster under development has been dubbed ‘Kokako, after a native New Zealand bird with a blue
wattle reminiscent of the blue glow emitted by the operating plasma thruster. As the 1SS technology demonstration to
the ISS is an important preliminary step to the creation of the Kokako thruster, it has been dubbed the ‘Héki mission’,
héki being the New Zealand Maori word for egg.



22

This paper will provide an overview of the Héki mission to the space community, including the mission’s goals and
technical challenges. The HTS magnet has a 50 mm diameter warm bore to accommodate the future integration with
a thruster. It comprises four double-pancake HTS coils and targets a 0.3-0.5 T central field. It will be conduction-cooled
using a space-rated miniaturised cryocooler, targeting a 70 K operating temperature. The total payload power budget
to cool and energise the HTS magnet is only 100 W, a feat possible thanks to advances in efficient miniaturised
cryocoolers and the use of an HTS flux pump.

References
1. Kodys, A., & Choueiri, E. (2005, July). A critical review of the state-of-the-art in the performance of applied-field
magnetoplasmadynamic thrusters. In 41st AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit (p. 4247).

2. Kasuga, H., Jeong, J., Mizutani, K., Iwakawa, A., Sasoh, A., Kojima, K., ... & Yasui, M. (2018). Operation characteristics
of applied-field magnetoplasmadynamics thruster using hollow cathode. Transactions of the Japan Society for
Aeronautical And Space Sciences, Aerospace Technology Japan, 16(1), 69-74.

3. Balkenhohl, J., Glowacki, J., Rattenbury, N., & Cater, J. (2022). A Review of Low-Power Applied-Field
Magnetoplasmadynamic Thruster Research and Formulation of an Improved Semi-Empirical Performance Model.

4. Coogan, W., & Choueiri, E. (2017). A critical review of thrust models for applied-field magnetoplasmadynamic
thrusters. In 53rd AIAA/SAE/ASEE joint propulsion conference (p. 4723).

5. Long, N., Rao, A., Olatunji, J.R., Badcock, R., Balkenhohl, J., Berry, T., Cather, J., Glowacki, J., Goddard-Winchester,
M., Hann, C,, Harris, P., Limmer-Wood, A., Mallett, B. P. P., Rattenbury, N., Strickland, N., Weaver, T., Webster, E.,
Weijers, H. W., Wimbush, S., Wright, D. (2022, June). Toward On-Orbit Demonstration of a High Temperature
Superconducting AF-MPD Thruster. Proceedings of the International Electric Propulsion Conference, Boston MA, USA.

6. Zheng, J., Liu, H., Song, Y., Zhou, C., Li, Y., Li, M., ... & Zhao, B. (2021). Integrated study on the comprehensive
magnetic-field configuration performance in the 150 kW superconducting magnetoplasmadynamic thruster. Scientific
Reports, 11(1), 20706.

7.Voronov, A. S., Troitskiy, A. A., Egorov, I. D., Samoilenkov, S. V., & Vavilov, A. P. (2020, December).
Magnetoplasmadynamic thruster with an applied field based on the second generation high-temperature
superconductors. In Journal of Physics: Conference Series (Vol. 1686, No. 1, p. 012023). IOP Publishing.

8. Collier-Wright, M., Bogel, E., Betancourt, M. L. R., Herdrich, G., Behnke, A., Ballester, B. M., & GroRe, V. (2022).

High-temperature superconductor-based power and propulsion system architectures as enablers for high power
missions. Acta Astronautica, 201, 198-208.

AEC2023_Heki_Overview



