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1. Introduction 

1.1 Summary 

This document is the TRL5 report according to Technology readiness level 5 (TRL-

5) Space Standard for the FP7 MAGDRIVE project. 

According Space Standards the Technology readiness level 5 (TRL 5) shall be 

demonstrated by the delivery of a prototype whose performance has to be validated 

through testing in the relevant environment subject to scaling effects (if any).  

For a TRL 5 the level of maturity of the Breadboard to be provided shall be that of 

an Engineering model (EM). An EM is a full scale high-fidelity unit that demonstrates 

critical aspects of the engineering processes involved in the development of the 

operational unit. It has to be representative of the future operational system in form, fit 

and function, without full redundancy and high reliability parts. 

1.2 Scope 

The scope of this document is to present the prototype, test and results that prove 

that the TRL5 has been achieved for the prototype of MAGDRIVE project.  

1.3 Acronyms & Abbreviations 

Acronyms and Abbreviations employed along this entire document are next 

summarized. 

DOC  Applicable Document 

BB Breadboard 

EM  Engineering Model 

FM  Fight Model  

ITT  Invitation to tender 

NA Non Applicable 

PA  Product Assurance 

REF  Reference Document 

TBC  To be confirmed  

TBD  To be defined  

TRL  Technology readiness level 

GSE Ground Support Equipment 

RTP Room Temperature Prototype 

CTP Cryogenic Temperature Prototype 

SMB Superconducting Magnetic Bearing 

SMM Soft Magnetic Material 

PMM  Permanent Magnetic Material 

DOC Applicable Document 

HD Harmonic Drive 
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2. Description of the prototype 

The objective of the project is to design, build and test in a relevenat 

environmnet a magnetic-superconductor cryogenic non contact harmonic drive 

(MAGDRIVE). This harmonic drive is a mechanism provided with an input axle and an 

output hub with a great reduction ratio and it will be able to function at cryogenic 

temperatures. It is based on a non-contact interaction between magnets, soft magnetic 

materials and superconductors. Therefore this drive has no wear and no fatigue. It needs 

no lubrication. It will greatly increase the life time of the drives. As drives are profusely 

used in many different fields the result of this project is a qualitative jump that will open 

many opportunities. 

This harmonic drive is based on “non-contact magnetic teeth” instead of fitting 

teeth on a flexural wave as conventional harmonic drives are based on. Non-contact 

magnetic teeth are activated by a magnetic wave (similar to an electrical engine). This 

would solve the problems of contact wearing and mechanical fatigue. 

 

Figure 1 – Cross section of the protoype showing the different floating axles. 

Superconductors are used for non-contact bearings and for shielding the magnetic fields 

to avoid electromagnetic interferences or emission (Figure 1). The latest available 

technologies are used for selecting and manufacturing magnetic and superconducting 

materials as well as for designing the magnetic-superconductor non-contact 

mechanisms. 

In order to achieve a TRL 5 a prototype and a breadboard has been designed, 

built and tested at a temperature of 60 K (Figure 2). Performances and real mechanical 
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properties –maximum speed, speed ratio, torques and load capability, as well as 

clearances, position and orientation of the moving parts- are characterized in order to 

establish the criteria for the usage of these MAGDRIVEs in space and other 

applications. The mechanism is intrinsically “cryogenic friendly” and it is expected to 

have a better performance at a lower temperature. 

 

Figure 2 – MAGDRIVE protoype installed in the termal-vacuum chamber. 
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3. Experimental set-up: thermal-vacuum chamber 

The prototype was tested  in a thermal-vaccum chamber  to keep a relevant 

environment. The goal was to have the prototype in average below 60 K and in high 

vacuum conditions. 

 

Figure 3 – Thermal-vacuum chamber for the MAGDRIVE tests. 

In addition to the thermal and vacuum conditions, the chamber was designed to 

transmit mechanical rotation and torque between the input axle and the output axle. The 

mechanical feed-through was done using custom-made magnetic couplings. 

The prototype was cooled down by a combined cooling system. Some of the 

static and structural parts were cooled down using liquid nitrogen (LN2) and the 

superconducting, core and more critical parts were cooled down in a separate way using 

a cryocooler. The temperatures in the critical parts were below 60 K after two days of 

cooling down (Figure 4).  
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Figure 4 – Cooling down temperaturas. 

The prototype was kept in relevant vacuum conditions. The minimum pressure 

achieved was 3 x 10-5 mbar, and this pressure was maintained along all the dynamic 

tests (Figure 4). 

 

Figure 5 – Pressure meadurement from the start of the cooling down (day 9) until the end 

of the dynamic tests (day14) 

Once the prototype was below 60 K the dynamic performance of the reducer was 

characterized by doing different dynamic tests. The AC external motor and the bottom 

brake were used to rotate and load the magnetic harmonic drive. 

Some of the dynamic tests generate some power dissipation inside the chamber, 

solely due to eddy current effects (no friction, touches or shocks were recorded); but 

even thoug the average temperature was always below 60 K. The superconducting 

materials (whose critical temperature is 90 K) were constantly keeping both axles 

floating in the vacuum for more than 4 days. 
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4.  Results  

After the test campaign, the performance of the prototype are summarized in the 

table below: 

VALUE VERIFICATION REMARKS

REF FUNCTIONAL CTP

F-1 Reduction Ratio -20 Test

F-2 Maximum input speed 3000 rpm

F-3 Rotation accuracy ±6 arcmin Test Transmission error

F-4 Nominal Output Torque 3 Nm Test

F-5 Torque density 9,8±0,5 kN/m
3

Test Volume of the evelope 

F-6 Momentary peak torque - Innherent overload protecction

REF MECHANICAL

M-1 Overall mass ~3 kg Test TBC

M-2 Envelope  (ODxL) [mmxmm] 120x27,5 Test CORE

REF THERMAL 

T-1 Demonstration environmental temperature 43 K Test

T-2 Operational pressure 3·10-5 mbar Test

T-3
Long operation Stabilization temperature (250 

rpm; 1,5 Nm)

RTD4= -235ºC 

RTD1= -191ºC
Test

REF PRODUCT ASSURANCE

Q-1 Outgassing for material selection Correct Test

REF LIFETIME

Test

Test

REQUIREMENTS

Relevant environment

L-1
Probed lifetime (hours)                                           

Input  Cycles (Average input speed 250 rpm)

>5 hours            

> 4.5 millions

Non continous operation /  No 

degradation after visual inps.  
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5. Conclusions  

It is the first time that a mechanical reducer combines magnetic gearing 

technology with superconducting magnetic bearings. The complete absence of contact 

between any moving parts inside the reducer provide a zero wear and friction device for 

the first time in the space and mechanical engineering history. 

The prototype of the FP7 MAGDRIVE project has been successfully tested in a 

relevant environment. It has shown a full functionality with a high reliability in the parts 

at a temperature below 60 K and in a high vacuum environment. Therefore, the 

prototype has achieved a Technology Readiness Level 5. 


