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Abstract— Flight result of tether length 

measurement is reported concerning to a 
sounding rocket project, T-Rex (Tether 
Rocket Experiment), deploying bare 
electro-dynamic tape tether in space.  The 
T-Rex is an international campaign of 
Japan, Europe, United States, and 
Australia. The bare electrodynamic tether 
has a variety of useful applications for 
space development including orbit 
transfer without using fuel.  A new method 
called “Inverse ORIGAMI” is employed to 
deploy the bare tape tether.  The sounding 
rocket has been launched at 05:00 on 31 
August in 2010 and the bare 
electro-dynamic tape tether is deployed 
successfully first in the world. The length 
measurement method demonstrated in 
space is confirmed by on-ground tests. 
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1. INTRODUCTION 
he space tether technology is indispensable 
in constructing and also maintaining large 

space structures, which are designed for 
future space development including the solar 
power satellite and deep space exploration.  
Tether technology has such many 
advantages as simple structure, compact 
package, very long lightweight structure, 
autonomous construction with little help of the 
astronauts, and also active electro-dynamic 
artificial driver. Tether technology is thus an 
indispensable element of space structures to 
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be verified its performances in space.. 

2. VERIFICATIONS OF TETHER TECHNOLOGY 
The electro-dynamic tether (EDT) has been 

deployed from a sounding rocket, S520-25, 
as shown in Fig.1.  The S520-25 has been 
launched to the altitude of 300km (velocity 
about 0.5km/s) at 0500 on 31st August in 2010 
by ISAS/JAXA from Uchinoura site in Japan 
(Ref.1).  The project is a European/ American/ 
Australian/ Japanese International 
Campaign.  

The deployment of tether in space is one of 
the fundamental performances for many 
important tether applications and the 
electrodynamic behavior is necessary to be 
studied by use of bare conductive tethers. 
The conductive tether opens unique 
opportunities for science and engineering 
under orbital conditions generating 
convenient electron beams and producing 
electromotive force without fuel. Objective of 
the project is to verify experimentally the 
performances of a bare  EDT  in space  from 
both scientific and engineering aspects 
including, 1) swift deployment of long bare 
tape tether with high reliability, 2) fast ignition 
of a hollow cathode to provide electricity to 
EDT, 3) demonstration of EDT in collection of 
electrons, 4) verification of electron collection 
theories including OML (Orbit Motion Limit) 
theory, 5) atmospheric entry of tape tether, 
and 6) space robot motion control.  The tether 
is a bare EDT, which is a reinforced aluminum 
tape with width 25mm and thickness 0.05mm 
and has been deployed in its length through 
300m in 120 seconds (Fig.1) in order to afford 
sufficient time periods for science 
experiments for about 300 seconds in space. 

 

3. INVERSE ORIGAMI” METHOD 
The present mission requires a highly 

reliable and robust deployer because the 
bare tape tether is shown to have many 
unknown dynamic characteristics and a 
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complex dynamic behavior. The deployment 
system employs a foldaway storage method. 
The present foldaway tape tether deployer is 
based on a new concept “Inverse ORIGAMI” 
method (Ref.2) and is totally different from the 
usual reel type tether deployers. This 
innovative storage method can afford reliable 
fast deployment and is a key idea of the 
proposal to satisfy the requirements of the 
science mission. 

 

4. VERIFICATION OF LENGTH MEASUREMENT 
TECHNOLOGY FOR BARE TAPE TETHER  

4.1 Measurement of Tether Length 
Japanese team has taken a part to design 

the length measurement of thin tether in the 
YES2 project (Ref.3).  A new method of 
deployment has been developed for tape 
tether in the present sounding rocket 
experiment employed with tape tether and a 
new measurement system of tape tether 
length has been devised as shown in Fig.2.  
The tape tether is folded (Inverse ORIGAMI 
method) in a tether box as in the lower part of 
the figure.  The present measurement 
system takes advantages of the folding 
method and count the number of folds in 
contact of tether with the guiding wall. 
The tape folding system has a feature that 

tape tether is deployed at the exit by swaying 

synchronously between two directions, right 
and left, continuously.  Three ultra-red LED 
is placed at the exit of the tether box and a 
photo transistor counts the number of blind 
periods of ultra-red light.  The number of 
folds of tape tether is then counted and the 
tape tether length is measured. 

Fig.1 Experimental Sequence of the Sounding Rocket S520-25 

Fig.2 Method of length measurement 
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The measurement is conservative and the 
count of the folds is decided by the majority 
of three sets of the counters and is permitted 
to count one for 0.6m if more than two sets of 
the counters agree. Two supplemental 
devices for the measurement of tether length 
are also employed to count the number of 
whiskers attached at every hundred of folds 
and to sense different colors marked at 
every 25m. 

 
4.2  Test of Tether Length Measurement 

Device 
The number of folds of tape tether is 

sensed by a processing circuit by testing the 
number of contacts to every sensor with 
hyper terminal.  The deployment speed is set 
to be constant in the process. The ejected 
tether is measured in its weight after the 
deployment in order to verify the 
measurement of the length of deployment  

through the unit weight measured 
beforehand in every 3000mm. The result of 
measurement is compared with that obtained 
by the contact information and the 
measurement error is estimated by the 
comparison. 
 
4.3 Test Measurement on Ground 
    Results of test in the present experiment 
are shown in Table1 and Fig3.  Tests shown 
in Table1 are measured depending on every 
environmental condition and verify such an 
excellent performance as high precise results 
with measurement error within a few percent.    

Figure 3 shows the number of contacts of 
fold and it is confirmed that the error is very 
small since the linear relation is obvious. 
 
5. Space Experiments 
5.1 Deployment 

In order to remove any effect due to 
contaminations, the initial velocity of the 
deployment is given by the kinetic energy of 
loaded springs installed on the ejector with 
long stroke-guide shafts. The deployment 
sequence is designed under the constraints 
of the system including tape tether toughness 
and structural load constraints. The initial 
velocity is given to the daughter satellite in 
order to deploy the tape tether. A brake 
system is designed to generate friction force 
by a brake pad so the deployment will be 
decelerated to stop gradually and not to 
bounce back at the end of the deployment.  

In order to confirm the high-reliability of the 
spring ejection mechanism and stability of 
tether in the deployment, eleven schemes of 
demonstration are employed in the 

preliminary phase of the present project 
including, 1) on a flat air table, 2) on a tower 

Test One 
side 

creas
e 

Contact 
frequenc

y 

Remarks 

Test0
1 

72 74  

Test0
2 

62 60  

Test0
3 

69 68  

Test0
4 

64 64 No space in 
the box 

Test0
5 

80 83 No space in 
the box 

Fig.4 Flight data: deployed to 132.6m (Measured by 
the folding number counter: 0.6m* (220+1)) 

Fig.3 Result of a measurement in test (Estimated length in 
accordance with the number of folds) 

Table1 Results of length measurement (test) 
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system, 3) in a vacuum chamber, 4) by 
pet-bottle model rocket, 5) on a linear-motor 
car, 6) by a cart model, 7) on a spinning flight 
table, 8) on micro-gravity by a parabolic flight, 
9) vertical ejection test, 10) horizontal 
extraction test, and 11) numerical simulation. 
All experimental results have demonstrated 
the high-reliability performance of the present 
deployment system in every different 
simulation environment. The space 
demonstration completes the twelfth 
confirmation to suffice one dozen schemes.  
 
5.2 Flight Result 

The bare tape tether has been deployed 
successfully first in the world by the present 
project employed with the folding method for 
the deployment device (Figs.4 and 5). 

Figure 4 shows the result of tether 
deployment in the present space 
demonstration and its fitting curve.  The 
number of folds is counted for (220+1) times 
and it is shown that the tape tether was 
deployed to 132.6m (0.6m per count: error 
exists as less counting for a few of folds.).  
The data is also confirmed by the data 
obtained by both of the whiskers and the color 
sensors.  
 
6. Conclusion 

Performance of length measurement is 
reported for tape tether in a new deployment 
system, “Inverse ORIGAMI method”.  Result 
of space flight is analyzed by comparing it 
with the tests on ground.  It is verified that the 
system is able to deploy tape tether in a short 
time period with high reliability.  The success 
of tape tether deployment in space is 
confirmed as the first experience in the world 
and the performance assures the tape tether 

deployment scheme applied to such future 
tape tether system as space elevator system. 
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Fig. 5 Tape tether deployed: A shot from a daughter satellite (The rocket is seen as a star at the center of the figure) 
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