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The Electric Solar Wind Sail, or E-sail for short, is Pekka Janhunen’s (FMI) 
invention, which enables efficient propellant-less transportation in the solar system by 
using the solar wind momentum for producing thrust. The E-sail consists of a set of 
long, thin, rotating metallic tethers, which are kept in positive potential by an onboard 
electron gun, which forces the electric field of the wires to extend into the 
surrounding solar wind plasma.  

In order for the tether to be resistant to the micrometeoroids, it is made of 
multifilament loop-type structure, which insures that if one of the wires is cut by a 
micrometeoroid the complete structure of the tether however stays intact. The loop-
type structure is made of 25µm wires bonded onto 50µm wire. The wires are bonded 
together with an industrial technique known as Ultrasonic wedge bonding, whereby 
high-frequency acoustic vibrations are applied to the wires being held together under 
pressure to create a bond.  

A full-scale electric sail requires hundreds of 20 km long tethers that are strong 
enough to sustain centrifugal forces; therefore it is important to insure high quality 
bonds throughout the production. Currently the standard industrial method of quality 
assurance is static destructive pull testing, however we are looking into a non-
contacting method that provides real-time feedback and controls the bond strength. 
The different methods of quality assurance that have already been tested include 
measuring and comparing the contact resistance of the successful and failed bonds, 
measuring the 1st and 3rd harmonics of the wedge movement during the bonding 
process and generating ultrasonic waves by a short Nd:Yag laser pulse. However our 
most promising method is piezo-wedges combination, which has already shown the 
possibility of generating and receiving high frequency ultrasonic signals. 

Upon confirming the most reliable method of non-contact quality assurance, we will 
be able to determine instantaneous bond quality with further goal of predicting final 
bond quality and intervention incase the predicted outcome does not match our 
specification. We will also be able to specify the achieved pull-strength of the 
corrected bond due to the said intervention.  


