
 

Robinson Summer 2021/22 Research Assistant Programme 

Project 1: Characterizing magnetization loops for multifilament MgB2 (Magnesium Diboride) 

superconducting wires for rotating machine application 

Supervisor: Zhenan Jiang 

The Research Assistant will carry out a series of measurements on magnetization loops of 

various multifilament MgB2 (Magnesium Diboride) superconducting wires at different 

operating temperatures ranging from 10 K - 25 K under various magnetic field up to 3 Tesla 

for superconducting rotating machine application. 

By integrating the magnetization loops, hysteresis loss of the MgB2 which is one of main loss 

components of the wires can be obtained. The measurements could potentially underpin 

the MgB2 wire application for the stator windings of fully-superconducting rotating 

machines. 

 

Project 2: Chromatic composites for magnetic field sensing 

Supervisor: Shen Chong 

The Robinson Research Institute is world-renowned for research and development of 

advanced materials. This summer, we require a keen and hands-on summer RA to contribute 

to a research project that contributes toward a new piezochromic-magnetostrictive 

(magneto-chromic) composite materials aimed for optical-based magnetic field sensing. This 

work will contribute towards the development of the world’s first multi-functional sensing 

system for distributed magnetic field and temperature sensors. These novel sensors contain 

single optical fibres coated with magneto-chromic nanocomposites for magnetic field 

sensing, and fluoroperovskite nanoparticles for temperature monitoring. We welcome 

anyone with physics, engineering or chemistry background to apply. 

The student will work closely with our research partner at GNS Science, Gracefield, to 

prepare thin film magneto-chromic composite samples using NZ’s only ion-implantation 

facility at GNS Science. Thin film samples will be made by magnetron sputtering at Robinson 

Research Institute and ion-beam sputtering at GNS Science. Sample characterisations will be 

carried out at Robinson Research Institute and the ion-beam analysis at GNS Science. At the 

conclusion of this summer project, the student shall be familiar with the thin film deposition 

processes, analysis of magnetisation data, the basic structural and chemical characterisation 

using powder x-ray diffraction and Rutherford Backscattering Spectroscopy. 

 

Project 3: Roebel cable punching machines 

Supervisor: Mike Davies 

Robinson research institute is a research organisation specialising in superconductivity and 

power systems. RRI design and build advanced technology by implementing high 



temperature superconductors and related technology within power equipment. A technique 

used to further increase the efficiency and power density of HTS machines is to use Roebel 

cable. Roebel cable is a stack of superconducting tapes woven together to produce a robust 

and flexible cable. To produce Roebel cable, the HTS must be punched into a certain zig-zag 

shape and the twisted together. To do this, RRI use a hydraulic punching machine to 

precisely cut the shape required. There are two punching machines at RRI used for to 

different sizes of strands. The punching machines consist of a hydraulic ram that presses a 

die closed and cuts the superconducting material like a guillotine. The material is fed 

precisely using rotary encoders as the reels pull the material through. These punching 

machines are fully operational but were manufactured over a decade ago. Unfortunately the 

design specifications have not been kept up to date and require restoring and the user 

process needs to be properly recorded for future users. Extra- once the student has a solid 

understanding of the machinery, Robinson would welcome new ways to improve the 

punching process. This could include adjustments to the code, adding extra features or 

making modifications to the mechanical design. 

RRI expectations- 1 mechanical student and 1 electrical engineering student will be required 

to put together a user manual for the 2 punching machines owned by Robinson research 

institute. The user manual should include: • An overview of the machinery with its intended 

use and description of its features. • Outline warnings and cautions for operating the 

machinery, pinch points etc. and best practices (PPE). • Maintenance and repair information 

• Collection of waste material • Technical details (see technical details below) • Description 

on using the punching machines (see processes below) Technical details Write up technical 

details for each of the punching machine. • 3d model of frame (Mech) • hydraulic circuit 

diagram (Mech) • wiring diagram (Elec) • software; trio and HMI (Elec) Processes Write up 

process for: • Loading tape • Operation of punching machines • Adjusting alignment of the 

tape • Swapping the dies • Calibration of encoder 

 

Project 4: Optical Spectroscopy of Heusler Alloys 

Supervisors: Bob Buckley, Ben Mallet, & Simon Granville 

The Robinson Research Institute has several R&D programmes in materials science and 

engineering making global impacts. One example is our research on an exciting family of 

compounds, the Heusler alloys. Many of these materials are magnetic and exhibit a wide 

range of novel physics that can be the key element of, for instance, advance magnetic 

sensors. By changing the alloy composition, it is possible to tune their electronic and 

magnetic properties from metallic or semiconducting, to half-metals, or magnetic 

semiconductors. To develop useful applications, it is important to understand the 

relationships between their electronic and magnetic properties, and their chemical 

composition and structure. In this project we will focus on two recently identified Heusler 

compositions that exhibit very different electronic and magnetic properties. We will study 

for the first time the optical behaviour of Ti2MnAl and Co2MnAl using IR/visible/UV 

spectroscopy. A Fourier transform infrared (FTIR) system will be used to make reflectivity 

and transmission measurements of thin films we will prepare in-house. The way in which 

these parameters depend on the wavelength supplies information about their electronic 

properties that cannot be unambiguously determined from other electrical measurements. 

Films will be deposited by DC magnetron sputtering, using our existing system, followed by 

x-ray diffraction characterisation, and investigated by temperature dependent resistivity and 

magnetisation along with the optical spectroscopy measurements. 



The immediate project objective is, through optical spectroscopy, to confirm recent 

calculations of the electronic structure (behaviour) of the Heusler compounds, Ti2MnAl and 

Co2MnAl, by the following steps: 1. Depositing (DC sputtering) thin films of these two 

compounds 2. Characterising the basic physical properties of the films by x-ray diffraction 

and temperature dependent resistivity and magnetisation 3. Measuring the optical 

reflectivity and transmission with a research level FTIR in the spectral range ~10 meV to 5 eV 

and determining the dielectric function 4. Comparing the measured energy dependent 

dielectric function with existing electronic structure calculations Step 1 will have been 

progressed before the summer project begins so that films will be available. The summer RA 

will be involved first in step 2, followed by steps 3 and 4. The student will learn to use a 

range of advanced instruments and then to undertake appropriate analysis of the resulting 

data. This will be undertaken within a team environment. 

 

Project 5: Accelerated corrosion system 

Supervisor: Joseph Bailey 

A non-destructive testing system is being developed to detect corrosion in steel 

infrastructure and to test this corroded samples are needed. The role will require the 

development and build of an accelerated corrosion system for steel reinforced concrete and 

steel pipes. Including both the physical system and the required electronics to produce 

corroded samples. 

The project outcome is an accelerated corrosion system that can produce corroded samples 

in a 2 week period Corroded samples of steel pipes and rebar. 

 

Project 6: Parametric solid-modelling and optimisation 

Supervisor: Grant Lumsden 

I am investigating automated optimisation techniques for thermal and structural design. I 

am looking for a RA from School of Design or CS who has good skills in solid modelling using 

one of the commercial CAD/analysis packages and the capability to automate the modelling 

using Grasshopper, Python scripting or the parametric/generative tools supplied with the 

package. The CAD/analysis package will need to be one that we have licenses for at VUW. 

The RA will be given simple parts to start with and asked to investigate and define a process 

for optimising strength, weight, stiffness and thermal performance of the component. This 

may well be straightforward, but results will need to be validated and the aim will be to 

move on to multi-goal optimisations and multi-physics simulation in Comsol. 

 

Project 7: Experimental testing and development of a magnetoplasmadynamic thruster 

Supervisor: Thomas Berry & Stuart Wimbush 

The Robinson Research Institute is developing a space thruster as part of its superconducting 

applied-field magnetoplasmadynamic (AF-MPD) thruster programme. This summer project 

provides an exciting opportunity to work on an active space programme within New 

Zealand, undertaking hands-on testing and contributing to the development of a space 

thruster. Come be a rocket scientist at Robinson! The cathode plays a vital role in plasma 

generation in AF-MPD thrusters. Its design impacts the thruster’s efficiency, power demand, 



operation time, and generated heat. The important role of the cathode within the overall 

thruster assembly leads to the need for a high-quality experimental testing campaign 

performed in a vacuum environment. The student will have the opportunity to join an active 

research project with initial testing already underway by the team at Robinson and will be 

tasked with expanding the experimental cathode testing campaign for the AF-MPD thruster. 

This will primarily be a lab-based role, on-site at Gracefield, Lower Hutt. Time permitting, on 

successful completion of the cathode testing, full thruster (cathode and anode) testing can 

begin. The current cathode testing plan consists of testing at least two different cathode 

designs. The initial cathode is already designed and will have had testing started by the 

beginning of this research project. This will provide an opportunity for the student to get up 

to speed with the details of cathode operation and testing. The student will need to post-

process the results to inform how further development can progress. Once testing of the 

first cathode is complete, the research assistant will be tasked with adapting the cathode’s 

design parameters to develop an improved cathode based on the results of the first testing 

campaign. This position offers an exciting opportunity to contribute to the shape of the 

larger space programme. The student will also have the opportunity to learn methods of 

progressing prototypes in the early development stages, leading from initial concept to 

manufacturing and testing. The research assistant will practice the basics of CAD modelling 

using the SolidWorks software and aspects of mechanical design as well as gaining 

experience working in a lab environment. The research assistant will be supported during 

their time at Robinson by scientists/engineers from within the space team. 

The outcomes will be to be able to identify laboratory hazards and complete relevant health 

and safety training. Understand the operating principles of hollow cathodes and their role in 

an AF-MPD thruster. Complete testing of the initial cathode. Use the results of the first 

experimental campaign to develop an improved cathode design. Undertake experimental 

testing of the newly designed cathode. Summarise the findings of both experimental 

campaigns in a written report. This report should also include the changes made to the initial 

cathode as part of the redesign. 

 

Project 8: Magnetic field mapping of superconducting bearings 

Supervisor: James Storey 

Extremely low-loss superconducting magnetic-levitation bearings are being studied as an 

enabling technology for ultra-high-speed motor-generators in future electric aircraft. As part 

of our research program on superconducting bearings, the successful applicant will be 

responsible for improving and operating a three-axis magnetic field mapper. The aim is to 

precisely determine the uniformity of the magnetic field around both the magnets and 

superconducting bulks that make up the bearing. Doing so will help us understand the origin 

of energy losses and instabilities occurring in the bearing, which will inform future bearing 

designs. 

By the end of the project: 1. The mapper will incorporate a reliable method of aligning the 

magnetic field sensor with the object being mapped. This is to help ensure that any 

measured variations in magnetic field are from the object itself, rather than alignment 

errors. 2. The magnetic field of various permanent magnets used in the bearing will be 

mapped and their field profiles modeled. 3. A method for mapping the trapped field in a 

superconducting bulk at cryogenic temperatures will be developed. 

 



Project 9: Developing a 10,000 A magnet for fusion energy research 

Supervisor: Dominic Moseley 

Superconductors allow the construction of innovative magnets and power systems beyond 

the capabilities of existing technologies. One potential application is magnetic confinement 

in clean, sustainable, fusion energy systems. In collaboration with the Culham Fusion Centre 

(Oxford, UK), we are studying how superconductors can be utilised in fusion energy. These 

applications require stupendously high currents (>10,000 A) vastly beyond present 

commercial technologies or frameworks. Therefore, new design philosophies and techniques 

for creating, charging, and cooling these systems are necessary. At the Robinson Research 

Institute, we are a world leader in superconductor technology which offer a new way to 

produce these high currents – ‘flux pumps’. To develop our flux pumps, and understand 

their integration with potential fusion applications, we need to create new magnet coils 

which can operate under these extreme requirements. In this project, you will be a ‘hands-

on’ part of team constructing the first refrigerator cooled 10,000 A coil charged using unique 

superconducting flux pump technology. This is a complex challenge straddling computer 

modelling, fundamental physical principles, and design engineering. Your focus will be on 

one element of this system: continuing our production of a magnet coil capable of sustaining 

>10,000 A during operation. In close contact with the team, you will optimise the pre-

existing designs, and create then test the magnet coil. This will be a practical project, 

therefore, an interest in applied physics or engineering is essential. In return you will be 

exposed to essential commercial skills in client liaison, deliverable focus, engineering, and 

project management. 

The aims of project are to: • optimise the design of the 10000 A magnet coil • help create 

the magnet coil to the design specification • experimentally verify the coil performance. 

 

Project 10: Superconducting Magnetic Energy Studies for Space Applications – system-level 

analysis 

Supervisors: Jakub Glowacki & Zhenan Jiang 

This Research Assistantship position is part of the space programme run by Robinson 

Research Institute. Our Institute has set itself for an ambitious goal to become a leading 

institute in the application of superconducting materials in space technology. By joining the 

team as a research assistant, you will have a unique opportunity not only to learn from 

world-leading experts in the field but also to influence the direction of program 

development. A long-awaited era of commercially oriented space exploration is underway. 

The number of affordable satellites has grown rapidly in recent years. Missions are getting 

more complex and ambitious with many targeting Moon and Mars exploration. The main 

constraint of further progress is associated with high power demands and a lack of efficient 

energy storage methods. Due to the harsh environment, long operational timescales, 

complexity and compactness, energy storage systems have high design requirements often 

constraining the application of ion batteries. Superconducting energy storage (SMES) with its 

high-energy and power densities could be a potential solution if a correct thermal 

management system can be provided. Working as a research assistant, you will join an 

international project concentrated around the investigation of SMES based on high-

temperature superconductors for space. You will be responsible for the development of a 

system-level analysis focusing on SMES with the intention to use it for powering pulsed 

plasma thrusters. You will develop a numerical tool capable of sizing satellite sub-systems 



such as solar panels, propellant tanks, thruster and power management systems including 

SMES. You will identify the most promising mission scenarios, which could take the benefit 

of using SMES as an energy source. As an assistant, you will have an opportunity to develop 

an understanding of how satellite space systems are designed and analysed. The project will 

have a multidisciplinary nature and you will deepen your knowledge in a variety of fields 

related to thermal management, electromagnetism, structural and orbital mechanics. The 

important aspect of the project will be to investigate the system duty cycle with further 

intention to analyse dynamic aspects of it related to energy consumption (AC loss) in SMES. 

We seek for an excellent student with a background in Engineering or Physics and a passion 

for space whose intention is to continue with postgraduate studies. Experience with 

COMSOL Multiphysics would be preferable. Throughout this research project, you will have 

the opportunity to work with our supportive team of trusted scientists as well as researchers 

from other parts of the world. 

A system-level numerical analysis and Identify mission profiles where the application of 

SMES would be the most favourable Design a satellite system incorporating electric 

propulsion propelled by SMES. Summarise the findings in a written report. 

 

Project 11: Integrating Cryogenic System Models into Conceptual Aircraft Simulation Environment 

Supervisor: Kent Hamilton 

SUAVE is an open-source software environment for conceptual air vehicle design. It is 

developed to be capable of credibly producing conceptual level design conclusions for future 

aircraft that incorporate advanced technologies. Robinson Research Institute is New 

Zealand’s premier research institute for superconducting magnet science & engineering. 

Ultra-efficient aircraft using superconducting motors and other components is of Robinson’s 

primary research interests. As part of this research work, prototype and demonstration 

superconducting machines have been characterised and modelled in Python for integration 

into the SUAVE environment. This work will assist researchers both in New Zealand and 

internationally by providing verifiable superconducting component models for use in future 

aircraft conceptualisation and development. The Research Assistant position will mainly be 

focussed on integrating these superconducting component models into the development 

SUAVE branch so the components can be included in future releases of the software. This 

will require interpreting and understanding the existing SUAVE code, modifying the existing 

superconducting component models to be compatible with the current SUAVE environment, 

writing regression tests so that future SUAVE releases can include the superconducting 

component models, communicating with other SUAVE developers based overseas, and 

publishing the software changes through git. 

At the end of the project the superconducting component models developed at Robinson 

will be suitable for integration into SUAVE, including regression testing scripts so module 

performance can be verified for future SUAVE releases. 

 

Project 12: Developing Active Optics Algorithms using Defocussed Images 

Supervisor: Andrew Rakich 

Modern astronomical telescopes use “Active Optics” to achieve and maintain optimal image 

quality. Active Optics involves a sensing system, which determines the alignment and shape 

of optical elements in the telescope, together with actuation systems that are used to 



maintain optimal alignments and shapes.  Typical active optics systems make use of “Shack 

Hartmann Wavefront sensors”, “Curvature Sensors”, “Pyramid Wavefront Sensors” and 

several others. For each of these a dedicated optical subsystem must be produced and used 

to sense the distortions in the optical wavefronts produced by the telescope.  In many cases 

it is advantageous to be able to deterministically measure and quantify telescope 

aberrations without having such a dedicated optical system. Usually, a telescope produces 

images on some detector. These images can also be used to sense the alignment state of the 

telescope. The James Webb Telescope is NASA’s flagship IR telescope due to launch later this 

year. This telescope makes use of a technique called “Phase Diversity” to achieve alignment. 

Phase diversity requires only a detector, but is limited to measuring only small amounts of 

system error.   

Other approaches using defocussed images have been developed, but each has some 

shortcomings. Dr. Rakich, together with Prof. Kuijken of Leiden University, recently showed 

that a new method, using a library of defocussed images produced by systematically 

perturbing system degrees of freedom, could be used to effectively measure aberrations on 

the VLT Survey Telescope at Paranal Observatory, Chile.  This same approach was used 

recently to perform factory alignment of a new gravitational microlensing telescope at the 

Nishimura Telescope factory in Japan.  In New Zealand, Kiwistar Optics are interested to 

develop this technique as a tool for general optical system image assessment. An 

opportunity exists for a student to work on developing this system. 

A useful skill set would include:  Strong mathematical skills; A reasonable working 

knowledge of Python; An interest in astronomical telescopes would help.  

Tasks would involve:  Learning about the technical details of the image analysis routine; 

Learning some optical aberration theory as it pertains to telescope alignment, and applying 

this theory to the task at hand; Taking existing Python scripts and modifying to work with 

new optical systems.   

This project would give a good introduction to some of the detailed aspects of working to 

maintain telescope image quality. 

 


