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Abstract

The Electron Cyclotron Resonance (ECR) microwave discharge Ion Engine System (IES) onboard
Hayabusa has been operated in deep space. IES consists of four pair of ion thrusters and neutralizers
on a rectangle shaped gimbals plate. Each engine has an exhaust nozzle of 10 cm in diameter and
three grids made of Carbon-Carbon composite material. Weight of 66.2 kg Xenon propellant was
loaded in a titanium alloy tank of 51 liter in volume before the launce of Hayabusa in April 2003.
ECR microwave discharge generates Xenon plasma, and electric static field of 1500 wvolts
accelerates Xenon ions to over 30 km/sec exhaust velocity. Each engine generates thrust of 8 mN,
specific impulse of 3,200 seconds, and consumes 350 watts of electric power. During the three-year
flight operation, IES generated a delta-V of 1,400 m/s while consuming 22 kg Xenon propellant.
The total operation time of IES is 25,900 hours. IES successfully propelled Hayabusa to the asteroid
Itokawa on September 2005. During the three-month period, in-site activities such as scientific
observation of Itokawa and collection of asteroid sample materials were carried out. Now Hayabusa
is cruising on the Itokawa orbit waiting for the time of departure. IES is ready to propel Hayabusa
back home to the Earth. IES will be operated again in early next year and Hayabusa will arrive to
the Earth in middle of 2010.

1. [ ZE®IZ

[BFN 60 48 6 H 29 H (H#8). FH B BREGICH - 72 (BTHRAIITRRT 46 588 5 BEaE=
ZBWT UNEREY 7Y F— /RS BBl STz, 2O EFTHFOFHBFEHIIO
M SR T N —EEEEE T O EF R EER S BRI TH o 2, MR,
FEHBERIEIT AT 2 O FRZEDfagt L LT,

1) BFEEHLWEFEZ 6T HOTHLZ L,

2) IREFHOREE, BNENEAEETOHLOTHL I L,

3) BAEEROSBRBICHRENYETEL L.

4) FRER R RIC I D ERATRETH B Z &

5) TENILEMREREZ/FOUTHLZ &,

1-7

This document is provided by JAXA.



BNETF BN, TNLOEEERETLOD—D2E LT
BEAFEN MERS N U, 1) ORI OV THEZ O
FECHF Sz 2 i, # B D OBLRILS O EEREA
INRBORETHDZ L, INERELBA & OFHEANREHT
X5 L. FHARKBROAEZZ LN TND/IEREDE
BERKBRRZOMAICEFS T L8, IBREITRRE
PR S N N RERFIRE B 2 bh T 5O THEFRE

DORNEFEEDMMAICESTHI L, RETholz, 2) D
%ﬁmowfﬁiﬁﬂiﬁﬁ@5%®%\%%@%%k?
T OFEHNE, 77 A HEEEI. BERN. T
B RT 4 7 AR EOHRGH 22T T, 3) OfF
FHZOWTIE, BAID 7 T4 31 B, FIH 0 EERNC
LBV E— RV TREL T T T RS AN
7 NVELANT X 2 R s O, %%@\ﬁ/7wJ& VOFBRBETORREHGETEDS L L
TV, 1o o UNREY 7Y #— 2 /NitoR MEDOEETH D, RROITYEF
@%%%Eﬁ@ﬁﬁw&\mﬁiﬁ&\mﬁ%&miéo:@»M%%% %@%%%@@ﬁ%&
RICITEAK— R TS TRERFPEZ L EZENWPDT — 7 Ve y ML D2/NERET v ARE

mRE LT, Figure 1. Front page of the proceedings for

Wi

k!

asteroid sample return mission studies.

ZONFREE R BRIC, 1994 4E 3 AILIVINREREY —F L /7N —T L LTUMERER L T A

RRERERKLE TS UNREY LY F—EEE] BT P, ZoSTERS

5 ESHEERIC NREREWN 1088 ) KHEHO b O LIZER UARRO~ A 7 o ERER A 4

T DU NEEHA R AR E R R LV IRE STV D, 1996 4E 3 FITIIMUSES-CT R
D MEEENR{TSN, TuVas b UTARBHIZEIEZE L,

2. HFFEL
(1) A A=V D3 - EH
A AV 1990 ERITITBERHEER O T CH5EAE
DEWHEERTH o7, RIS KE, EE. FY BR
RENA ALY OFHBRREIT R > T, HARTI,
FHBEBEEEMN 1982 4 9 AT LT T&E< 4 5
(ETS-III) ). 1994 48 AT EiF7z &< 65 (ETS-VI) ).
1998 4F 2 BT BiF7z Tz L (COMETS) | 72 D AN THETE
WA A PN g Nz, K2 12 THFiE L (COMETS) |
B E A A VU ERRT, £, BRINOTRER [TV

This document is provided by JAXA.



TIA RKEOBREW (74— A= —1] RETHA A T VU REHEN TN ENE
LT, L L2ns, HEE, F27 VU v FEMEIN L EME FREOMMAMEIZHBEDORMZIEL
Tz, Figure 2. Ton engines onboard COMETS

Table 1 Ton Engines in Space

Consump | Nurber Total
Country | Engine Name | Company/Organizatio | Thrust Isp ~tion f Operation
n (mN) (Sec) Power, | Engnes Time
W) inSpace | (hours)
Japan n =10 JAXA/NTS 8 3,000 350 4 26,000
Japan IES JAXA/MELCO 20 2,200 700 8 200
UK UK10 - ESA/ QinteQ 25 3,000 700 2 700
USA XIP13 Boeing 18 2,500 550 52 55,000
USA XIP25 Boeing 165 2,500 4,500 24 24,000
USA NSTAR NASA 8¢ 2,500 2,500 1 16,000
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Figure 4. Ton engine operation and spacecraft velocity. Figure 5. Ton engine operation chronology.
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