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*LGA: Lunar Gravity Assist, EML2: Earth-Moon L2 point
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Trajectory design method & Results
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5 E(FRIDEHE R ET FEH
Celestial body Sun, Earth, Moon (JPL DE430)
Spherical harmonics Earth: 2 x 2 (GGMO02C)
Moon: 2 x 2 (GL900D)
Solar radiation pressure Canon ball model
LIFED £ E
Celestial body Sun, Mercury, Venus, Earth, Moon, Mars, Jupiter, Saturn,
Neptune, Uranus, Pluto (JPL DE440)
Spherical harmonics Earth: 50 x 50 (JGM3)
Moon: 100 x 100 (GL900D)
Solar radiation pressure Canon ball model




Intelligent Space Systems Laboratory
The University of Tokyo

N [ SSL
EQUULEUSO#ESSETFERE

(15 LTS DIESEEEGIEEERE] & [EML2IZABLEN S OUEFRIEGERE] &D
BT\ F 2 IZITS
— Forward trajectory: 53BN SJ400FEEZDDVIDOKE =H LB (TR CTHEGIEZTD
— Backward trajectory: EML23G ABLEDEFHER. BZIRD D ZHELET D
e F—ANR—X (DB) D)\WFI(CIEMATLABDknnsearchZfERALTHD. FE(CDBOHNS

BRI EEADORTEHE LTS X Firstguessgeneration
W
\"%\} Initial conditions Propagate until Add Av
A v, epoch .
o B EEE{LE. \EIB%%'J%"J(CCJ: DIEED %h\j’ Propagate
IANTI TR ©
periodic orbit = Full-ephemeris o=
. _ e, —p = Compute minimum
TS LMETE. LREIECERCI
UTe8EDHIHS — R BFOBSRERE |  Generate
TEZMZ D= FEIE L U CaEit Eclipse check S SRS

Optimization \ l
Finite-burn . Post-processin Impulsive
Optimization P S b optimization




R |5 S

Intelligent Space Systems Laboratory
The University of Tokyo

PERIEIL

o J\WFICLo>TESNIEIE (BRAI) (FFRA TR
KD ICHEICIFFEN D TLVRL

y (km)

o Bonrcaua=zAEEE S LT/ FEBT D
(SHIFIRMAF(CHHANAF . BESHRZHEREN
/NETRDKRD(CRBIEZEITD

x (km) 10°
Sun — Earth rotating frame

e EQUULEUSOENEDERE LETEIC(ISNOPTE LD Y —) L Z{H]

— MATLABEIZRICE [fmincon] Z (XU ET B DIEmEIEY —ILHH D,
S XS EXRIFE CTERE




N | S

Intelligent Space Systems Laboratory
The University of Tokyo

MATLABOD:tERE
o FBEIGIBOFTEIOX
— BEEDOARETE % < OWEIZE A ZIND 6
- STERER EFE
e MEXT 77 1 )LDJF

—C1— |\7-d~<t7&MEX77’I/)|/(L_£J{@L/ TNZEFE

—MATLAB1— RZMEXT 71 ILICER L. ENZIEHFE
MATLAB CoderZ £ S E CRIEE (CYERL PIBE

* EQUULEUSODHI T (EFortran1— K& ﬁj/]’jf ) (shared
library) (CO>/\1ILUTERE

« WHETE

— Parallel Computing ToolboxZ /&9 B

. sTEEREDME EHE

I)a..uﬁl:l‘

Junl

S CFE(CWYFTEZEIR



Intelligent Space Systems Laboratory
The University of Tokyo

N | S
EiEAICHFSTIESEAF
e J\ZHATHOIRA—=)\AL=2Y -

— HEHERUEE(E - B BERIBIIDBLEN S EAICTR— NIA I |75 i

20:45( 05:45| 83:.00:00
21:00( 06:00
21:15( 06:15
21:30( 06:30

3.5 or 4BFfEI1E (\RABSEIEX7SBEEE IR IT D) LUTENE 2T Loramsrrsn I I I

21:45| 06:45| B84:00:00|ADSFIE(455)

o BFHNEMICIRBACEREETDIZE. —BIDYRA—/\TIlZ o

dVAE(EEE TEZAZE(FLERL almo

2345( 08:45| 86:00:00
1120 | 00:00| 09:00

o HWENICIOTAVENENDH. HEER -BERAZRED
EJEI E-_EEQ ) /(g b o >3 \/h\LZ\Z’E‘ gljg 13222 88:00:00|TGM1 B84 (245050 12)

02:00( 11:00

- dVEDEhtiAH (FE)) SLU7>0-T12JDRHD e 130

02:45( 11:45| 89:00:00

AIAFEIRBEOMRU IR R I HE D ZI/FEL TS
— —RT SEERELER (C A e : AR
B/ - RNTOHNZRABIERICEDE TEIE @ : TLMO

: CMD. TLM




Intelligent Space Systems Laboratory
The University of Tokyo

R |5 L
ThehDEFE4ZBVWTESTURHBEDFESR

o FIS5 FITHARE (U AHeD2BR(ZE) FOZBNDFTE LITERMAICIH LT, ‘Open’. ‘Middle’.
‘Close’ZH L. EML2E CTOEIEZEXET (3 x 15 = 45 conditions)

ToF Total DV
. - ‘ "'I
8 9
I R N
: _ JLFT s, B ) C—
, i ! *++33 ii‘ g§3<>
.’ I . + 8 .;‘ E o
e | O. " o- + g:. ® xglg
e QSi.gig'tg 2 5* :
0-+ O° : % ¢ : 8 ¢
*;8 s B AR T B X o
- °° ® ‘ En —
e e E. o | {EdvDBADELY |




N [SSL | (i
PUEEREHRRYYY— (LP28:20224F11A4T5 LIFSRAF)

o INRTOIIB LITERFICH U TCHENLGREERDICENTEEL

L Eclipse L Eclipse
W UTC Time = = DV1[m/s] = Total DV [m/ = ToF [day] = Feasibility = W UTC Time = = DV1[m/s] = Total DV [m/ = ToF [day] = Feasibility =
2022 NOV 14 open 11.48 29 27 413.0 1 2022 NOV 22 open 5.97 12.39 222.3 1
2 (2022 NOV 14 middle 10.33 22.25 413.0 1 1012022 NOV 22 middle 6.86 12.92 222.3 1
2022 NOV 14 close 11.20 34.98 413.0 1 2022 NOV 22 close 7.62 36.04 222.3 1
2022 NOV 15 open 17.33 25.35 229.7 1 2022 NOV 23 open 10.45 28.35 357.6 1
3 12022 NOV 15 middle 16.66 33.80 2997 1 112022 NOV 23 middle 9.27 15.66 357.5 1
2022 NOV 15 close 17.45 27.29 229.7 1 2022 NOV 23 close 9.95 15.05 357.5 1
2022 NOV 16 open 16.70 26.74 490.2 1 2022 NOV 24 open 8.55 31.85 193.9 1
4 12022 NOV 16 middle 16.39 22.14 490.2 1 122022 NOV 24 middle 9.20 31.97 193.9 1
2022 NOV 16 close 15.85 21.70 490.2 1 2022 NOV 24 close 10.18 32.92 193.9 1
2022 NOV 17 open 12.96 23.17 535.4 1 2022 NOV 25 open 8.21 27.74 273.1 1
5 (2022 NOV 17 middle 13.60 18.42 535.4 1 13 /2022 NOV 25 middle 9.04 22.99 273.1 1
2022 NOV 17 close 14.31 24 .64 535.4 1 2022 NOV 25 close 9.82 27.37 273.1 1
2022 NOV 18 open 15.12 28.12 405.8 1 2022 NOV 26 open 8.13 13.84 467.4 1
6 |2022 NOV 18 middle 15.15 26.47 405.8 1 14 {2022 NOV 26 middle 8.27 10.99 467.4 1
2022 NOV 18 close 14.91 26.11 405.8 1 2022 NOV 26 close 8.48 18.43 467.3 1
2022 NOV 19 open 13.06 2247 213.4 1 2022 NOV 27 open 8.81 34.33 426.2 1
7 12022 NOV 19 middle 13.33 26.35 213.4 1 15|2022 NOV 27 middle 10.51 34.04 426.2 1
2022 NOV 19 close 13.80 27.80 213.4 1 2022 NOV 27 close 8.73 27.78 426.2 1
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e Launch: Nov. 16th

e Total DV:26.74 m/s
e DV1: 16.70 m/s

e ToF: 490.2 days

ECLIPJ2000, Earth centered

x10°

Sun — Earth rotating frame

%10°

n" 'I

I‘n’\‘

'|1'




Intelligent Space Systems Laboratory
The University of Tokyo

I [ SSL
{oHEFRETHERDH (LW7Z7, open)

e Launch: Nov. 19th Sun — Earth rotating frame
e Total DV:22.47 m/s
e DV1: 13.06 m/s

e ToF: 213 days
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Flight results
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_ B Event Date and time (UTC)
Arrival at EML2 DV1 2022/11/17 23:14
nd of 2023) TCM1 2022/11/201:45
1 TCM2 2022/11/230:30
TCM3 2022/11/2716:30
TCM4 2022/12/919:30
TCM5 2022/12/1521:00
TCM6 2022/12/2320:45
~ DV2 2023/2/318:30
£ TCM7 2023/2/718:30
- DV3 2023/2/2716:30
TCM8 2023/3/1615:30
TCM9 2023/3/3015:30
TCM10 2023/4/1311:30
TCM11 2023/4/2714:00
® Earth "
Lraiectvw (No further deterministic DV planned)
ol % Dv -
4 TCM [ |
\ \ e L A A A A
5 4 2 0 2 4 6 g EML2 insertion | end of 2023 (planned)

% (km) <10°

(Sun-Earth rotating frame)
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