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Evaluation of a barber pole brake in deployment of conductive tether for debris removal
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The Japan Aerospace Exploration Agency (JAXA) has been investigating Electrodynamic Tether (EDT)
systems for de-orbiting existing debris. EDT is a high-efficiency propulsion system to generate Lorentz force
by the interaction with the Earth’s magnetic field. It is necessary to deploy a several kilometer tether in order to
obtain sufficient thrust for large debris removal. In the deployment phase, excess of deployment velocity and
in-plane libration by gravity gradient become issues, since the behavior of the tether becomes unstable or it is
severed by the tension over in excess of the load limit. In some previous flight experiments, a barber pole
brake was adapted as a simple brake to acquire effective braking force. However, the barber pole brake was
applied for tether deployment with a non-conductive tether and a light satellite up to some tens of kilograms.
The purpose of this study is to build a simple barber pole brake using a net-type bare conductive tether and a
relatively heavy satellite of about several hundred kilograms. First, a braking force model is built based on
on-ground tests with a high-sensitive sensor. Next, numerical simulations about tether deployment dynamics
on orbit are performed in order to investigate its applicable limitation. In the numerical simulations using the
brake model from the on-ground tests, a 10-km-long tether is deployed, and the changes in the form of the
tether and the tether oscillations are also calculated. The simulation confirmed that the barber pole brake can
decrease the in-plane libration angle to less than +10deg, and the maximum tension up to the half value of the
tether load limit 160N.

This document is provided by JAXA.
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I. Introduction

I. The principle and advantage of EDT
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I1. Tether deployment assuming Active Debris Removal

OPropellant-free propulsion to generate
Lorentz force by interfering with earth’s
magnetic field

LEO
(Low Earth Orbit)

Current: l

OHigh efficient propulsion

—No high electrical power
Geomagnetic
Field : <e
OSimple system

—No fuel tank, valve.

OEasily attached to debris
—Small thrust of EDT

@EDT could deorbit many large debris fr
the crowded orbit within one year

In order to generate sufficient thrust for deorbit large debris with mass of about 1-3 [ton],

ONeed to deploy a 5-10 [km] tether on orbit

— Excess of deployment velocity, tether libration and tether tension due to
gravity gradient and Coriolis force

@®Need a brake mechanism for decreasing them in tether deployment

II. Assembly for tether deployment

1. Tether

ONominal brake model
| Fyrare(= Tour) = 0-0241761'50”'

OModeled as an exponential function of
number of tether turns around the pole

Exit Tension

OTwo-sigma noise from average measured o o5 1 15 2 2
tension amounted to about 5~30[%]

3
Number of tether turns around the pole  [-]

The exit tension of the brake against turns of the tether around pole

IV.Numerical Simulation

I. Models

OTether deployment is modelled by adding point
masses to lumped mass model

OEach point mass is connected by springs and dampers
OTether tension acting on the DRS

= brake model including the relative error from
on-ground experiment

I1.Conditions

Olnitial conditions
=Ejection velocity: 1.0[m/s] J
*In-plain ejection angle: -45[deg] < QQ
- Deploy tether as long as possible before brake %‘ q

7

2" Hil's Frame

Perigee Equator

Orbital Plane

X! International Reference Frame

Debris Removal Satellite (DRS)
340kg, 1.0X 1.0X 1.5m g

%\

OBrake system starts operation at 1,200[m] T o
with consideration of the minimum tether length that 9
gravity gradient prevail on Coriolis force in deployment

/iAUOkg 4.0%4.0%11.0

— M (= 1,333[m])

31p35inb,, Debris

OUncovered conductive wires
ONet-like structure for redundant

[Tether s |
deployment
direction

Barber
Pole

A portion of net-type bare tether spread out to
show its structure

I1. Barber pole brake
OCompact, light-weight, simple

OUsed in previous tests with non-conductive
tether and lighter satellites up to some tens of kilogram

Exit hole side
Tension: Ty,

Tether

deployment
direction

OExponential performance in wide range
of tension levels
Euler’s belt formula;
Tour = Tineznun
@ The subject of this study is

a barber pole brake to be used
for ADR mission with DRS

Entrance hole side
Tension: T,

(a rocket upper stage)

l:tether length, ry:radius of orbit(= 6,998[km])
le:gravitational constant of the Earth(=3.986 x 105[km?/sec?])
0,y :in-plane libration angle, Vgep10y:deployment velocity
ONumber of turns around pole was set at 3.5 turn (i.e. brake force is set at about 8.0[N]
at start-up) since max gravity gradient is about 10[N] in a 10-km-long tether deployment
III. Results

i. Compared brake and non-brake
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@ In-plane libration angle after deployment is reduced under = 10[deg] by brake

@ Maximum tether tension during deployment is less than a quarter of the tether load
limit 160[N] by brake

ii. Robustness assessment for the brake

Oinclude the error of brake force set at =10, 20, 40 % from on-ground experiment

III. Ground deployment experiment

OTether : Composed of aluminum and stainless steel wires
OPole : Adopted PTFE pole (self-lubricating and non-adherent material)
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Time history of changes in the form of

tether during deployment (nominal)
@ In-plane libration angle after deployment is reduced under = 10[deg] in any cases

@ Maximum tether tension 70 [N] during tether deployment is less than the half value of
the tether withstand load 160[N]

Tension vs time

nclusions

@ Investigated the tether deployment utilizing a barber pole brake with a net-type bare

tether and a DRS for ADR mission with EDT

@ Numerical simulation indicated the 10-km-long tether can be deployed smoothly and

without unstable behaviour by utilizing a barber pole brake from on-ground experiment
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