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Abstract The first libration-point satellite ISEE-3 (International Sun-Earth Explorer-3) was
launched in 1978. Though, no libration-point satellites were realized after the launch of
the ISEE-3, NASA launched the ESA's Solar and Heliospheric Observatory (SOHO)
spacecraft into the halo orbit in the Sun-Earth system in late 1995. The halo orbit in the
Sun-Earth system is adequate for missions such as solar observation, astronomical
observation, NEO (Near Earth Objects) observation, communications with the far-side of
the moon, etc.. Therefore, the importance of the halo orbit will become larger in the near
future.

This document describes the basic orbital mechanics required for studies on the
missions utilizing the Lagrange's points. After the introduction in Chapter 1,
investigation of papers on orbital mechanics for the missions utilizing the Lagrange's
points is shown in Chapter 2. The equations of motion for the circular restricted three-
body problem are derived in Chapter 3, and the positiohs of the five Lagrange's points are
obtained in Chapter 4. Motions near the collinear points are explained in both analytical
and numerical ways in Chapter 5. Besides, Lissajous and halo orbits are described in that
chapter. Motions near the equilateral-triangle points are explained in both analytical and

numerical ways in Chapter 6.

Keywords Lagrange's Points, Circular Restricted Three-Body Problem, Collinear Points,

Equilateral-Triangle Points, Linear Equations of Motion, Stability, Halo Orbit
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Observatory) %/~ —#UE 2 TS EiFe, ~u—#uEik, KBBHE JVEOREBH MBRICEET O FraEtE
DHZ/NRBEER ., A OBREOBIE, LDy a B LIERAVRTHY, 5%, EBEMESKRBIHBLTKS
LEZBND, BRI, KEB-HERR D L2 AT, WHADN - RARR CREELBRAT5HH B AV R OKET
AT TS, KEDFHEIL, Next Generation Space Telescope (NGST)EVW)OE DT, KT AL 8m DEE
BRI TS, THHDOR RS R KB-HERRD L2 AOF AL TIZBIT 5,

(DA — HIERR D L2 A #ERD 5K 150 77 km B TNB720IC, FE~OBA SR L., ﬁﬁ#‘(%iﬂw

HTHEDRYDIERZ R TED, : -
(2)365(%@'1 e TRBEIZ /2B KGEHBRO F AR —FRICRONSZ ». r“b\ﬁﬁ%ﬁsﬁ?ﬁUT g&ienl it
Z. RRE O REEZRER TED, ' :
EN 7?7//35 TR ENEE N DIWEELF BT A5 ELRMNEN TS, T, %E%&éri%:m?du
B lom BECHEEL, BICEENT CARRELMAETAET 10nm BEOKERERELEHAL T, X
FHFHELLTHEATILOTHEY,

REEHL, T/ 702 SERALEIND DIy 2L ORI L ERE 1 ¥ O ERNARERZERL TV
B 8 2 BT 5750V AR LA Sy v OB /R B B R EOR RARE L, 5 3
BECIT, Bb AR TS MR S R OB HRATARL, 8 4 HTE 0TS 50 P a AOBHETT
i, B 5 G EN B OTEE A FRATE R OSBRI, V2 2 B, A~ — BB b, 55 6 52

CHE = A TR O BB S AT R BB R,

This document is provided by JAXA.




2. I mEBEONE HEOXEBAE L
AETI 7770285 ATy ar ORBCHERBE 2RI W TO CRAR O R BE 3

2.1 5@%'13&0)7°DVI7F&UH5E0)1‘§*& :
211 @BE-REOTOPIIH
(1) ISEE-3 (International Sun - Earth Explorer 3y
TR \ _ _ : : ,
1972 FITEHEEMEEEL. 1978 £.8 A 12 BRTH bk, MEROBKSERN CRSBE LTS
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A EFAL Ry L B Y

ISR TABRKBLR L0 EOHEICHZE A BT EF IRy Thork, BRBEOHHOT =

RZRBWCEREBREBIZA BLEL L EERZOBEBETHS, £ 100 B 23735 slow transfer 4% F L. midcourse

#2(7_EiT 25 B#IZ5EHE)L Halo Orbit Insertion Hl#1% A48T 37m/s AL,
Iviar BB L BB Y

S IR ZT A I~ DKIGHER ZWET BT DI E L K RNS 3.5 B LB MERDD, R
B Bl A B R RSN A R R T B AN T VT OB —ME D HIIN S, HERDS R TEEENS 6 K
VNI BRI LERD -2, TR HOHIKEH B3 AEELL T P AX OIS 2 E L A X
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K BT A AN BE R F RO —BIEERETHY "o —BEDOR KT A X5 5% 5,
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T EF AR LB EE

ISEE-3 L [Al#. slow transfer Z32IRL TV 5, SOHO T, ISEE-3 CRIBEL 2o BB B O/ O H OALE
OHEFRILEEL AT ET VAL RVILEEE B HFET D, A 1 BEIXTALRIREALS, €O, SOHO i
A OELE @R T 570, A @iﬁ#ﬁﬁébﬁ EBPERAREO EHBBRER TRV ONEB THD,
Ivia B LEERE
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%o FEMTCIY, SOHO @ 4 FE 0% 17 BOFIE¢T72v, A A VIiZE Invs FBEETdh D, ISEE-3 @ 1/10
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BT oA R L EE NG

L al B OFERIPL T AR DSV e —FEE S E RS, e —BLER AR EEZ N2 57291 Lunar
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Iy valBiiE L ELE R R
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212 FEOER

2.1.1 HoIvaFeik, KBEE . KBHERFEOZMER. TREAEBENRb o, TOMDIvi gt
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3CHE 10, 11, 12)Z T3, #Ek-B RO L2 S n—BuEs A B ke 0B EICF R A8 LR R LT
5o

SCEK 11, 13) T, BT HERMISS) OO EMEL T, K EZE~ORE OO OPHEME KIG- KR O
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ISEE-3 %° SOHO D i —HE LS RIS A X DK END DITIL, HIR S HRIEO F R et OREETS
IS, 2O —BEDOH LI LL UL L2 MEE SR AEL OIITEA RIH B, FAARAX DI
ROV T5, £ REQHERAHE O BERIDbOLBDNS, BLEEF NVOLLTION
E R U7 3R SUIRTZ R B Y,

2.3 L4, L5 RiREEEDRE v

ZIVHD R0 BAER) 230 2l AHETT 2 8 78, #igk— A RD L4, LS RIBEIZTR B R R BAFAEE T,
HIBRDDE U E BRI, REBEISy S s L TORBEMEESIL TS, 250 A1, SR
AR T ERIE CIIE &I 1 (=my/(my+m,)) <0.0385...(my: 55— RIEDE &, my: 55— KEOE &) DOEEHE
T, linearly stable T@ 243, 3 RITRIRETIE Amold diffusion b HVENIREETHS 9, HEDEF L TY
RIS, REDOHBR—~ A RO L4, L5 AR LT 10ELL L O8I, ZhbD&h s 4 FFoLl i
NRWPUERRISN TS 9 BUERHBEZ KA MRICASIL ., FRECHPEE 52 | KOS
TRORME vy Fo 7 §2544L , £RBOMNBEEDEE BRI S50 2 Ah v CIRIEMIC AR

VNTU D (parallel shooting method with minimum norm), FREFREHL, EHTHB, ZHHD KA ‘E R 17:73:’“(’3)5
T, BRERS AMBEEL OB REBRITITE AR BV, L

24 \O—8HOREF
=B ORFFAELL T, BUFO3-0% 8AS R 2,
OCEAMFTER/P_RIETIAED 1D
@ Linear-Quadratic Control Z{E5%, @ >
@ R R ZEEFEEFI AL 19

241 BEANERN_REICEDLD _ e

BUBRIFF DOHDIFA t o CHEREITRDNE B, t LIED2ODEE S t ), t, ZEANCHRDTIE. t,
DBEHRELZRT T t( R 18T, t=to) THIEIL. t, & t, CO/IFNEENLDTILLE ﬁl%@i&ﬁ%
TRAER/NCT DI THD BOND A VA, ERNTRIETD A Vi K0 /INSO BTS2 IS5, 7235,
SRR MEDBIRAD B, t1 &ty TO/ITNVEEDISOT NI, BRITIEHE->TEHTS. t, &t
DR, BINCTBROBHORERE, FMCRO TRENE L Av— M F R BB DS,
EROKBGRET NV, HIHRE. UERERELREZEE LI Il —Tald 6.3 EH1THRV., SEHEIERE
@ 86 H D 25 EOHHHT/IFTADLOME DT 200~300km PAF ORERERTE TN, DA VITH
3m/s ThH-o7z, /i%/bﬂﬁagfﬁﬁﬁﬂéﬁﬁbfiﬂf;i\ BIIITFIE OA CHIEF RN TED,

2.4 2 Linear-Quadratic Control #{E3+0)
REEOEEBRITIEE>BEFRATELL, & SICBARERD /X VENLOFTEHIE
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BOZEREE/NCTE AR, R 5)TIE 20 B RIBORERE LQC Hl#%# AL T SOHO D#lE T Il
—Ial BTV, 6 EROBIERGY 1.44n/s TERL TNBE, T2zl —aBiBF o /S FNVEENNSDT
UL, 20~30km ThHd. 2.4.1 FOFEEZ—RILLELDEE 2 HILA,

243 BRTARESHAZHATIHLO

AE—EED 1 B OEBITFI% monodromy FTFILE\, £ DEHEASETBEL T ORI 2B,

Ai>1, Aa= U Ag=A,=1, 15 &L, 1 LKEX 1 DIL%&BIR

A WSS L EAE MY (0) F AR R BUEA LR T B/ ThHD, BWESTNLOIIFTIUEEDED e(1)
(ey(O)RBRBITFICHL t IEIELIZL D) FABARREFEICEEL TOBO TRAEHIHTERYERL, et 2
MVIZEEERICHY . y FALV I x FEE—H S RAEERE S M) OHIESHRGTHS, KE- kR T
IS 2 BRI ALRENT 2 B ELRY, HIBR-H R T 1.4 BBhBE 2 f52725,

SOHO BLEIZX LT, ERBRET NV TAEMORFFIEH O I2L —aB217250 | 17T BOHERLELE
729, 3 lnvs LT OEERTHLThH o7, '

BHILFILL T, KB —T73BRARO L1 RIRH T2l —3ab BT XWBDS 0, 1 B 5D
- L3m/s ORFFHIHEBPBETHEE, 7+ RAORBFEOTT NVRENKENGEZBEL T, AOLI ROAL
BbA R — R CHELRRSRET BTV X BERHL TS, |

2514, L5 IEHBEORE Y

L4, L5 S OEFEEIEIX mild 2R EROTHER— A ROFETHEIEEHEFTNITR Y, HlIEEHEE
FREELLT, 2.3 HilZ b7 parallel shooting method with minimum norm #365% %, 2.3 SiOBE R DE AL
I BB REE Tho7ms REFHE OB S, MIHMEIL given THOIEAEEIIRMEMOEEEL /75
NUAHIEE B L SRR OB E D DRIV &5,

2.6 NO—EBE~DIETA :

L1, L2 RA~OEBHIEIZIL, slow transfer & fast transfer D2-003H 3, KiG—H#BRR L1 S 0OHE . fast
transfer 3% 35 B CBITLA 340m/s DA V,; (A VatL)BXLETHBH, slow transfer THIAY 110 B23h5
A3 280m/s D A Vo, T Y, L1, L2 A TRL, FOEY O —HEICEER A T2ETKRIBIZ A Vio(Halo
Orbit Insertion)Z 5§ HACTED, A VaolINT—FEDR KT A X A ITEHBEITKFEL TD. A,=0D
HEIZ A Viror=280 m/s, A,=80 5 km DT A Vi =0 m/s £72% ¥, /NS A, BARERIvL av OB AL, A
Vi SR ELL D, EDHENE, A77A MR ATEETA Vua BEIE LRI TES, HL, 7747 AR OH
RECH T /s BETHEIRKIER A Vo (BRI EDIZRN S, T B A RO iias,

2.7 L4, L5 SEBEHEADEZA

HER— H R0 L4, L5 S~DOBESHE RS LN 277 858 (GTO) 5 DBEBEFTEL T 5)E LT, direct
transfer & Lunar swingby F|f ? 2 DM % 55, direct transfer X Hohmann #li&E bi-elliptical Z5#A3%E % &
%, Hohmann #3E Ci3A9 1500nys T 7 H M CEB TX. bi-elliptical B i — B#iEk)>5 100 75 km LA E
DEETRATTALERD DA, 1350n/s TITIHD, L4 S TA V 2L THITHES 5L, 1B O Lunar
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swingby #1257 km X407 km OFFMELEIZRDFNHAL, GTO 355 OEE~FEATIITRV, 350,
© 1150m/s TEBTESD, 2. Lunar swingby, 5 <X—/ VTl 60 H. 900m/s TEZATEETHA,
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