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Abstract 
Electro Dynamic Tether (EDT) system is one of the non-chemical propulsion systems on low earth orbit (LEO) in the 
future. The tether technologies rocket experiment (T-REx) mission was proposed, which is the first attempt in the world 
to employ a bare tape tether. The sounding rocket S520-25 was provided for the T-REx mission. In this mission, the tape 
tether was stored in a storage box in a foldaway manner, which is a new concept of tether deployment schemes. To 
expand EDT system feasibility, a small satellite mission of EDT system, following T-Rex mission, is planned, in which a 
bare tape tether of 3km stored in the folding manner will be deployed. However, shape of the foldaway tape tether storage 
is concerned to affect the design of the spacecraft in case that the tether length becomes longer, and simple expansion of 
scale will not be able to cope with this problem. In this paper, in order to improve store efficiency, we expand foldaway 
manner to the 2-dimensions, called “cross-shift foldaway storage”. We proposed the cross-shift folding method as 
improved type of folded tape-tether as space tether.  By the method tape is folded 2-dimensionally, and the performance 
such as folding efficiency and deployment drag forces are measured.  By setting the pitch width of folding as parameter, 
the above performances were evaluated. 

 
1.  Introduction  

In space development, research on the tether system—a 

technology that uses tapes—is currently in progress.1) A 

large-scale structure can be constructed easily by uniting 

multiple satellites with tethers, and this approach offers 

various applications, including attitude control, orbital 

transfer, and inter-satellite communications. In addition, it 

is believed that it will be possible to construct an even 

better performing system using an electrodynamic tether 

system in addition to the conventional wire single-line 

tether. For example, providing a tether with electrical 

conductivity will make it possible to construct an 

electrodynamic tether (EDT) system and give Lorentz 

force to the tether through the interference with the 

planetary magnet field. EDT can be applied not only to 

control satellite orbits, but also to such missions as 

planetary exploration and debris removal, because it can 

be used as a propulsion system without chemical 

propellants. Space tether technology is promising not only 

because of its diversity and applicability, as mentioned 

above, but also because of its low cost and simplicity.     

Various space tether missions have been proposed, and 

recently, the European Space Agency (ESA) successfully 

deployed a 35 km single-line tether in the second Young 

Engineering Satellite (YES2) mission.2) On the other hand, 

few tape tethers have been implemented because of their 

complicated deployment structure and uncontrollable 

handling. A 6 km tape tether was scheduled to deploy in 

the Advanced Tether Experiment (ATEx) mission in 1999, 

but the tape tether deployment ended up being only 22 

m.3) The Japan Aerospace Exploration Agency (JAXA) 

conducted a deployment experiment of a 300 m class tape 
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tether in the tether technologies rocket experiment 

(T-REx) mission, in an experiment involving an sounding 

rocket, in August 2010.
4), 5) 

 The T-REx mission adopted 

the new foldaway system shown in Fig. 1(b) instead of 

the traditional deployment reel system for tape tether 

deployment in pursuit of compact and highly reliable 

deployment performance, and successfully deployed the 

tape tether as far as 130 m. However, storage shape is 

subject to the mounting conditions imposed by the space 

availability inside the spacecraft if the tape tether is 

deployed for more than one kilometer, and it may not be 

possible to satisfy the requirements by simply enlarging 

the scale of the existing foldaway system.   

(a)                   (b) 

Fig. 1: The two tether deployment systems 

 

Fig. 2: Storage of tape tether of a 2 km class 

 

 

Fig. 3: Cross-shift foldaway 

The purpose of this paper is to propose cross-shift 

foldaway storage (Fig.2), which is a new storage method 

to greatly enlarge the scale of a foldaway tape-tether 

deployment mechanism, and verify its performance on an 

experimental basis. The cross-shift foldaway can make 

the whole folded layer thinner by shifting the folding 

position in the direction of the y-axis every time (Fig.3). 

If the storage tether increases by simply piling up the 

single-foldaway layer without using the cross-shift 

foldaway, the storage expands only in the z direction, and 

this adversely affects the design and arrangement of other 

onboard equipment. The cross-shift foldaway is 

advantageous because it is possible to design the storage 

box as a rectangular solid.  

 

We verified such items as storage efficiency and 

deployment drag force of tether storage and 

characteristics in deployment behavior, taking into 

consideration the influence of the guide shape for smooth 

deployment.  

 

 

 2.  Overview of the experimental setup 

It is important to understand the burden imposed on the 

tether and behavior inside the storage box in deployment 

for the secure and safe deployment of a tape tether. At the 

same time, installing a guide between deployment and 

storage is necessary to prevent the tether from getting 

stuck in deployment equipment such as rollers, and to 

assure smooth deployment. Figures 4 and 5 illustrate 

guide arrangement examples. The guide forms a 

curb-shape with four stainless steel sticks. The tether is 

locked by sliding the guide up and down, and the guide 

also has the role of protecting the folded tether from the 

vibration environment when it is launched. 

 

Experimental equipment 

In this experiment, we deploy multiple cross-shift 

foldaway tethers of different pitch widths, observe their 

behaviors inside the storage box, and measure the drag 
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force required for deployment in each guide shape. Figure 

6 gives an overview of the experimental equipment.   

Fig. 4: A folded tether and guide 

 

Fig. 5: Shape and dimension of the tether guide 

 

Fig. 6: Overview of the experimental equipment 

 

An electronic balance is used to measure the drag force in 

tape tether deployment. A tether box that contains a tape 

tether is set on the electronic balance. The tape tether 

deploys upward while it is wound up by the deployment 

equipment (pinch roller) set on the storage box. The 

controller controls the roller and allows for a 

discretionary revolution speed. On the other hand, the 

electronic balance under the tether box is connected to a 

PC, and this measures the change of weight. The 

downstream aspirator recovers the tether deployed 

through the pinch roller.   

 

3. Experimental results and analysis 

 
Fig. 7: Measurement of deployment drag force (Pitch 1) 

 
Fig. 8: Deployment drag force by pitch 

 

The data are given by the electronic level mean virtual 

weight changes inside the tether box. As the tape tether’s 

weight decreases in proportion to the deployment speed, 

the weight inside the tether box is supposed to decrease 

constantly. It is therefore possible to measure the drag 

force caused by collision and friction during tether 

deployment by analyzing the weight change between the 

beginning and ending of the deployment. Figure 7 shows 

the deployment drag force in relation to the change in 

guide shape in the case of the cross-shift foldaway of 

Pitch 1, while Fig. 8 illustrates the average deployment 

drag force for each pitch and guide shape. From these two 

figures, we observe that deployment drag force decreased 

as the pitch increased. In the cross-shift foldaway storage, 
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the shape of the folded tether varies with the pitch width, 

the number of folds, and the total number of fold changes, 

even if the length of the tape tether is fixed. Taking these 

two factors into consideration, we measured the box 

volume required to store the tether and calculated the 

storage efficiency for each pitch width. We conducted 

experiments by placing a 100 mm x 100 mm tether guide 

and a 200 mm x 100 mm tether guide on the tether 

storage box for smooth tether deployment. Even without a 

guide, tether deployment was virtually successful without 

drag force. In addition, tether deployment with a bigger 

guide shape exhibited smaller deployment drag force at 

every pitch.  

 

Tape storage efficiency 

Figure 9 gives a comparison of cross-shift foldaway 

between Eid—that is, the storage efficiency, on the 

assumption of the ideal thickness can be determined from 

the volume of the tape tether—and Es, which is the 

measured value of storage efficiency. The figure shows 

that the values of measured storage efficiency Es are very 

small. Judging from the Eid values, which are the ideal 

values, the very small Es values presumably do not occur 

because of the influence of the increased pressure due to 

fold, but rather because the storage box has been designed 

with a margin for easy deployment. Figure 9 also 

indicates that pitches of 0.5 and 1.0 have far lower storage 

efficiency values than the ideal value as compared with 

pitches of 0, 2.0, and 3.0. This is presumably because a 

tether folded in a very close pitch like 0.5 or 1.0 tends to 

create gaps in pitches in the folding process, resulting in 

gaps between tapes.  

 
Fig. 9: Storage efficiency of tape tether 

Optimal parameter 

The above experimental data clarified the relations 

between storage efficiency, deployment drag force, and 

guide shape, and showed a rough tendency whereby 

deployment drag force escalates as storage efficiency 

increases.  

 
Fig. 10: Optimal parameter in design 

 

This rough tendency is presumably because the degree of 

collision between the guide and tether increases as the 

pinches diminish. In Fig. 10, change of storage efficiency 

and deployment drag force to pitch are illustrated using 

the guide shape as the parameter to generalize the 

experimental results. From this figure, we find that we 

can design a deployment mechanism with well-balanced 

storage efficiency and deployment drag force at a pitch 

between 2.0 and 3.0 in the 200 mm x 100 mm guide. 

 

4. Conclusion  

In this paper, we proposed and discussed a cross-shift 
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foldaway that folds a tether in a 2-dimensional manner as 

a method to develop the folded tape tether further. Setting 

pitch width as the parameter, we measured storage 

efficiency and deployment drag force, and observed the 

results when this parameter changed. A certain size tether 

storage box was set in this study, but it will be necessary 

to set a more generalized parameter that takes box shape 

and guide into consideration to make it usable as an 

indicator of the space availability inside the spacecraft. At 

the same time, deployment drag force is greatly 

associated not only with such geometry factors as box 

shape and pitch width, but also deployment speed. Taking 

the above analysis into consideration, it is our firm belief 

that the cross-shift foldaway will be useful for future 

large-scale tape tether systems, although at present many 

points still need improvement.  
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