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R&D status of JAXA 1-kW Hall Thruster System for Active Debris Removal
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JAXA is conducting R&D on a 1kW-class Hall thruster system for active debris removal. The Commercial
Removal of Debris Demonstration (CRD2) phase II mission target is several tons of weight, which requires
MNs-class of total impulse and high-specific impulse to accomplish. In addition, mission duration is also
important from a commercial perspective. Therefore, electric propulsion, especially Hall thruster is the first
candidate because of its relatively high thrust-to-power ratio. Since life-limit is challenging for conventional
small Hall thrusters, JAXA is targeting low-cost long-life 1kW-class Hall thruster system, utilizing technologies
to be demonstrated on JAXA ETS-9 satellite. Research and development status of the system is reported.

This document is provided by JAXA.
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R&D status of JAXA 1-kW Hall Thruster
System for Active Debris Removal
FIYBREICA T =1kWBHR—ILRAS R4S
AT LOWREFE

OsShinatora Cho, Hiroki Watanabe
Yoshiki Matsunaga, Ryudo Tsukizaki
Yasushi Ohkawa, Hiromasa Kondo

Hiroaki Kusawake, Toru Yamamoto
(JAXA)

Background

CRD2 (Commercial Removal of Debris Demonstration) Successor mission of TSUBAME (SLATS)
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¢ Long-life, powerful, low-cost and robust EP system demands for JAXA LEO missions

e FY2019, JAXA started research and development of 1-kW class Hall thruster system (in-house)
= FY2021, initiating EM-phase

= FY2024, FM ready

= FY2025, CRD2 phase2 mission: satellite launch

This document is provided by JAXA.
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HTS(Hall thruster system) components

HTM (Thruster & cathode)
Propellant
Tank management XFC
system :
Propellant I

Main power : Gimbal
Signal PPU
To PCU

To SCP

HTM (Thruster & cathode)
* Life-test necessary.

PPU (Power processing unit)

¢ Mass & cost driver.
XFC(Flow controller)

* Important in terms of HTM/PPU interface.

HTM key concepts

* Target: Long life small Hall thruster
(10,000 hrs, 10,000 cycles)

HTM-LM
firing * Key technologies :
-Internal mounted cathode
-Low-erosion magnetic field topology
-Radiative cathode heater
will be demonstrated in JAXA Engineering Test
Satellite-9’s 6-kW Hall thruster
HTM-BBM e . I
W ¢ Unified design of Hall thruster with internal
cathode
* Advanced materials and structures
(patents to be published)
Ad g * Fully utilization of JAXA ion thruster neutralizer
vance .
e heritage
materials nertage

* Physics-based modeling and design tools

This document is provided by JAXA.
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3m ion thruster
chamber (Chofu)

3E-6 torr @1kW

Space science

chamber (ISAS)
4.5E-5 torr @1kW

Small EP chamber (ISAS)
3E-5 torr @1kW

Measurement & modeling: thrust performance

This document is provided by JAXA.

Mass, momentum, and
energy conservation

¥

* Plasma production

* Beam trajectories

¢ |Thrust, discharge

current, etc.

* Erosion due to
sputtering

* Energy loss and
deposition

Experiment VS simulation

Experiment (ISAS)

PIC simulation

Background pressure 4.5E-5 torr (input) O torr
Discharge voltage 300.8V (input) 300 V
Xe anode mass flow rate 3.5mg/s (input) 3.5 mg/s
Discharge current 29A 2.7A

Thrust 58.2 mN 57.9 mN

Anode Isp 1694 s 1689 s

Anode thrust/power ratio | 66.2 mN/kW 71.3 mN/kW
Anode efficiency 55% 59%
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Mass, momentum, and
energy conservation

¥

* Plasma production

* Beam trajectories

* Thrust, discharge
current, etc.

* Erosion due to
sputtering

* | Energy loss and power

deposition

Energy balance

error
0%

cathode coupling loss
7%

[ [

4

Energy loss
24%

propellant utilization loss
. lation foss|___10%

2%

Energy deposited on HTM

¥

Thermal analysis

Mass, momentum, and
energy conservation

¥

* Plasma production

* Beam trajectories

* Thrust, discharge
current, etc.

* | Erosion due to

sputtering '

* Energy loss and power

Wall erosion rate, mm/kh
6 b N o w oo N o

t

Channel observation after HTM
operation

] Chamfered

Chamfered

¥

» Life estimation

Axial positionZ, m

——Outer —— Inner

Simulated channel erosion rate

deposition

This document is provided by JAXA.
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Measurement & modeling: beam divergence and interference

Mass, momentum, and
energy conservation

¥

*  Plasma production

* |Beam trajectories |

* Thrust, discharge
current, etc.

* Erosion due to
sputtering

* Energy loss and power
deposition

E[nA]

|

Engine model »

lon beam measurement

* Measured by Faraday
cupat1.26 m
downstream of HTM-
BBM

* Beam divergence:
27 deg (90% current)
30 deg (95% current)

¢ Estimated error: =3
deg

Satellite plume

interference
Muranaka, IEPC-2007-197

dx = 5cm, t = 1.05x10%s

Technology development status

Image of PPU-EM (left) and XFC-BBM (right)

5

HTM

* 240 hrs, 100 cycles completed by LM
* 20 hrs, 10 cycles completed by BBM
* Further BBM life-test planned

* Shock and random vibration analyzed. BBM
mechanical tests planned

PPU

® Exp. (P;=0.15 MPa)
) Exp (7| =005 MP) * Light-weighted, low-cost PPU
e i?;&:rt?—:::ﬁi;;’n .
N B g * Anode coupling test successfully completed
7 \‘\\\ " Theory (P,=0.35 MPa) with HTM-LM
g3 T~ a
3 - S~ . .
z ROy — *  PPU-BBM coupling test with HTM-BBM
= L_IaiC —
i LT planned
= T .ol
. — XFC
1 ° . —
. L] . . .
* Light-weighted, robust, low-cost capillary flow
‘350 300 %0 00 50 controller
Capillary Tube Temperature Ty, K . . .
i) i e i s it (based on journal publication)

retical estimation [turbulent case, Eq. (10)].

* BBM Coupling test planned

Flow control characteristics by capillary flo
" IS:1c. 9y capiliary TOw = nitiating EM phase in FY2021

controller (Kinefuchi, JPP vol.36, No. 4, 2020)

This document is provided by JAXA.
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HTS key specifications

Iltems Target (TBD) BBM results
(@HTM 887W, 3E-6 torr)

Total power [W] <1100 -

HTM power [W] (1000) 887

Life [hrs] =10000 240 (LM) and 20 (BBM)
completed

ON cycles =10000 100 (LM) and 10 (BBM)
completed

Total Isp [s] =1600 1543

Total Thrust/power ratio =61 65.6

[mN/kW]

Plume divergence [degree] =45 27 (90% current)

Total mass [kg] =15 ~10

¢ Unified design of Hall thruster with internal
cathode

¢ Advanced materials and structures
(patents to be published)

* High performance: Isp 1600sec, 65 mN/kW
* Long life: 10,000 hrs, 10,000 cycles(expected)

» System friendly: low-plasma oscillation, high-
environmental resistance, beam divergence~30deg

¢ Cost-effective, low-mass power supply and flow
controller

* 200 hrs operation completed at JAXA ultrahigh-
vacuum facility

* Physics-based modeling and design tools
* FY2019 project started. FY2021 initiating EM phase

This document is provided by JAXA.
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THANK YOU FOR LISTENING

Xe (left) and Kr (right) operation

This document is provided by JAXA.





