


- 1. EHEES(S?

The acceleration of gases for propulsion by electrical
heating and/or by electrical and magnetic body forces.”
(Physics of Electric Propulsion, Robert G. Jahn, 1968)

10,000 m/sLL LDHRRE ZF A ICIE

e BEEMOLEENT-HRAMENIZ L B10,000 KIEEEDBS R
FEFr
=+ 1=l

e O— L Y AIZ K AR FEEME
SHIREEICLSPEREXEHET S,




LIYAM zvh A
T—rVzyh ' A MPDRZR%
(5-10 km/#) | - g (50-100km/%)

BE) kL YV
4 km/# T—IVAFRS P e ALY
(1525 kny ) (30-50 km/#)




NASA NSTAR

MAGNET ||||

~RINGS..,,

PROPELLANT DISCHARGE
ATOM PLASMA
~

E}ECT Fcory

e
@f ION
J

== &
POSITIVE ~ NEGATIVE g
GRID GRID
(+1090V) (-225V)

HOLLOW CATHODE
PLASMA BRIDGE
NEUTRALIZER



RERKEF—IWAFAS



= XHEHE DR

o HERUEE N 10ESV. BEN1/10
o FRIFEEOHBEIZITIC(E10~100 KWDEIHHE
o HEERY IS (FEE2ARMNMImIRDT 10% & Sl

Y R R S R
(1.8~2.4 km/s)

Fr—ILRASRA AT AT RE
(15~25 km/s) (30~50 km/s)




BERANEIEITLHTRO TV

SRR e U
AV, =1485[m/s]

RUZ - w2

/ AV, =2437[m/s]

LE-5 (52T >>2) OBENX
(CELDITS.

FRERERINIZ ARSI > 2>
#7500 N, fE#EFH3227%

(201786 AKBIE, T51 MRES mre (HLalEa@sE) HSi5HF0Ea
it 1166, MERESST 1628) 3 éB(:E}L%EZ%EEAVb\‘uZ\%

AV, =1831[m/s]




19953H UVFDOHO55+]5 LT

20006F3H #FHdn (56F) =illx 3D

2003%F5A #HAlZKET—-X95(C/\h> v F
20054F,2006F UVZFENHD6,75+]5 LT

20144, 20165 UVZFDODB,95+]5 LT (Fanl54F)

MEFBAErS 1R ATYNE—5—

o OFEDNISEBSton) (CESHEERLDE
XRFEEOEDD5S HOEIRAMGERIEE  1342kg - 255 ke

O BHEHEERESE  858kg — 90 kg

FiERE=E 1300 kg (379%) — 80%



\\

— 2. BRUMEE vs {EFHEE

T 6000 —
{EFHEE
5000 _]
V., 5km/s+5>0U8s= 5
%4000 = Chemical
(173
Sy s
%7\3&1& =3000 —
m
V. = 30 km/s+ BRES ®000 Electric
3 M
A ST - . 8
w1000 4
E
0 1 1 1 |
5 10 15 20
AV (km/s)

H,/0,

5000 —

%mo kg— 2/
e 2240 kg
\

N\ ¥\ 1050 kg 4000

\41,000 kg (includes array)

SAVDREGZIV I TEA o

3000 4 Chemical

Electric

Propellant Mass (kg)
S
o
o
]

—

|
5 10 15 20
AV {km/s]



EP thrusters must have
electric power supply on-
board the spacecraft.

The weight of power
supply scales
monotonically with the
power level , which is
directly related to V..

There exists an optimal
V, for a given AV and
thrust level.

R B 2~ The higher the V, is, The Better?

Mass

""'-—______
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Total Mass vs. V, (ccl).
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R I v 3> (interplanetary flights)
REIEIZ w3 3> (station keeping)

Ex. Orbit to Mars AV =14 km/s
Typical ion thruster V, = 30 km/s =

m; [me = exp(AV/V,)~1.6

Cf. Typical chemical V, = 3 km/s =
m; [m; =exp(AV/V,)~106
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MBSAT: DBS communications satellite for Japan and Korea
built by SS/L, 2004. The first US-built satellite with SPT-100.

Orbit Control Maneuvering of chemical and Hybrid GEO satellites

Propulsion E2] Il E2Blajiilk BV Tl ] 1
e S BROVG il 4
System time/firing Cycle time/firing
. Bl—prop A few minutes SPEE D A few seconds ZPEE O
(x 2 units) weeks weeks
SPT-100/Bi- 12 hrs. 2 per day A few seconds 2 per day
prop by SPT-100 by SPT-100 by a Bi-prop by a Bi-prop
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EadLHIMEIAV: 95% , ERAAFHIEIAV: 5%
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e An orbital maneuver is proceeded by a ranging,
orbit determination, and control planning and

followed by another ranging, orbit determination,
and assessment.

o« AMFEDEEE(with one operator + one orbital
engineer) (X158T#Y 8{EF
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B HHE R T LEADIRRN2)
MBSAT carries the same number of bi-prop thrusters as the
satellite that does not carry SPT-100s.

« MBSAT: 12 bi-prop thrusters + 4 SPT-100 thrusters

e Chemical propulsion satellite: 12 bi-prop thrusters
o 20{f8MMO R MME for 4 SPT-100. =>/VUl. EB|IR, HAHER

Trade-off between the bi-propellant mass and the mass of SPT-
related hardware and xenon.

e The decrease in launch cost is minimal.

Having an EP system, with less propellant mass and longer
mission lifetime, would NOT REALLY save the total cost when
considering actual satellite procurement and operations!!

18



“EEHEE vs (LSHEEDE &0

EP can appeal to missions of extremely high AV requirements.
e Interplanetary missions
e Deep-space probes

EP can continue to evolve.
e Automatic operation

e Greater variety of the combinations of thrust, |
levels to achieve optimum transfer

so» and power
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J5) Pt 24 F-4%5 (Local Thermodynamic Equilibrium)iZdhb 77 A DR+l
EIRBIIFIN =R RITHED
TIRHOLIRNF =L N)WVEIZH DR FDBOEN & (TFAERER ).

% g, exp| —— PNV oA
ngkT ) >

k: RV EB=R/N,=1.3806503 X 10-3[J/K]

WZEMNENTZ A2 T, WS EZ0/mIRIUTE->T, Bk
HE (B iR ) DOz -5, R FDRE (B—R) & B
TS THE,

24



SR T
(EPRZEA 1T, ERETFE. NIV 1

D

n.n

© ~4.82x10% 7 exp(—

11600V’
T

n

n

©
O»@ 1

(a) T Z2FERE & 3RS S e 0.8

\ -G 0:2

4,000 6,000 8,000 10,000 12,000
T, K

7L BREEE DIREE, KM

EHE - AR




1ir

E¥b<(1@-§,’;\, tE ’7\/ I\)\F'ﬂ (BRREKXF
| L_I }i/\) j&/u C<7_







— 4.1 BRHEEAFRODEARR

In 1906, R. H. Goddard expressed informally many of the key
physical concepts of EP.

In 1911, Konstantin Tsiolkovskiy proposed similar concepts as
Goddard.

In 1929, Herman Oberth included a chapter on EP in his classic
book “Man into Space.”

In 1950s, Ernst Stuhlinger summarized his studies in his book “lon
Propulsion for Space Flight.”

In 1960s, EP became a major component of space propulsion
development.

o RETIIAZ L AFRASY
o YVHITIIFR—NATIASY
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More than 100 Hall thrusters on Cosmos & Meteor series from ’70s.

Europe

‘/PPS/'YBSO SMART-1

Astrium and Alcatel are competing and cooperating for Hall thrusters in 2000s.



ETS-series

1S

S lon Thrusiél

On Hayabsa explorer

lon thrusters
NASA

Boeing

Astrium

MELCO
ISAS/NEC

NSTAR

XIPS13
XIPS25

UK10
RIT10

IES
pnlo

Type
Ring Cusp

Ring Cusp

Kaufman
RF

Kaufman
Microwave

Operation
16kh

55kh
14kh

0.7kh
7.7kh

0.2kh
40 kh

Satellite
DS1

BS601HP
BS702

Artemis
Artemis, EURECA

ETS6, COMETS
HAYABUSA







NSTAR B ER

(NASA Solar electric propulsion Technology Application Readiness)

* Beam diameter: 40 cm
* Power: 2.3 kKW
V. : 31 km/s
Thrust : 92 mN
Efficiency : 60 %

Propellant : Xe
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RIT-10 (Germany) and UK-10 (UK) on the Artemis satellite,
~ 500 W, ~ 20 mN, ~ 30 km/s




] ,siéu 10 7»{’71:15&’11%

(TSR S/NRELREH
fREERS00ke
20035ESA¥I 5 LT
20105F 6 A Bk IR=E
AA>IT>S> (p10)
E—LAB&E 10 cm
EIEHED 8 mN
HESBH 350 W
BEHAE 468 (BRIGREEHER)
BEEERISSE 66 kg
B ERFR 45 - &

Overview of Electric Propulsion Activities in
Japan, komurasaki et al. Joint Propulsion
Conference, 2007, it

HM-10 microwave-discharge ion thruster on the

Hayabusa, 400 W, 8 mN, 34 km/s (JAXA)
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HEEA NASA-X3 Hall thruster
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For each thruster;

Power : 150 W (200 V/0.75 A)
Thrust : 12 mN

Isp : 1300 sec Eff.: 42 %

BHT-350 /R—JILAS RS

38



PPS-5000 7R—JLAS RS
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¢ Safrantt& T20215F(C5Thk.
Power:5 kW, Thrust:300 mN,
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Power 6 kW
Propellant Xe, 20 mg/s
Efficiency 60%
Exhaust velocity 19 km/s
Thrust 390 mN

Power 300 W
Propellant Xe, 1Img/s
Anode efficiency 37%
Exhaust velocity 13 km/s
Thrust >10 mN
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