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1. EETRILF

* AIENRI MV
ERAROERIIERT HDOHRESE. wMETE I
(IENZ FILiZ dV =[Gy xG,)-G5)delde2des
X:X+%§3N, F=x+Len (2.2.1) ~ (G X Gy)- Gy ldldg?de?
1L, _ §|G1 « G| deldede? (2.2.4)
(X=N,X,, z=N,z,
g, —Mmy N GXG (2.2.2)
] g G x Gy
gazawa _ 91%9
g g1 X gol

HEREIL
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BEITRILX (T
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1
[ %pr UATe G2|d§3)d§1 de?
l d€2

1
S
jl_fjl(f_l12 w2ﬁ|G1 ><G2|d€3)d§1_
_ 5 ZU%W IGlezldgl}d@
(2.2.5)

— lMaﬁm.a . ZE@

2
=7 L
M, = hf_ll[f_ll pN,,N,, |Gy x G2|d§1]d§2
BEF—EThHhII,
2 1
1 2

(2.2.6)

(2.2.7)

2021 FEFHERRICHABIE2:E EmESYIDRBRINEDEE




2. FHIEHICH T DREASEDFREEFETRIVF
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STHMALEEDbD, REEEARS bV &, ERERDHERFADERDOIPICENT, ZTDOR%
G'-G; =4, (2.2.8) BSWNTEICERT 50ART bver, ThHEDD,
S&FmICIE, HMNETEICER T2 WX 7 P v Z OBMNEETE -
'Gl _ GyxGy G, x (G, x Gy) =R b)) BRATEITIZZ LD DD 3.
G, (G, xGs) (% G’2|2 2.2.9) t" =T'n (2.2.10)
o GixG G (G x G) - =L, TERPTEERSIN=Cauchyls hT7> /LT
G, - (G3 xGy) G, x G2|2 HY),n|IENFEDOELLGERRT FILTH S,
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E—AVIFDDOYFVLLY,

TT =T (2.2.11)
ZLT, Ao2YEW&Y,

g—gzg@dv + fdv =0 (2.2.12)
WRANIF. B'H BIBEICIE,

g—ggidv + fdv+dF. =0 (2.2.13)
d'Alembert®[RE (WERAFEEZLEWL) &V,

_fB<v.T_|_f)dv.5m:0 (2.2.14)
* B

x€0B? :Tn =t" 5915

reEIBY :x ==z (22.15)
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(2.2.14) 2 82 1E9 L T,(2.2.15)2 AW 5 &,
f TiisE, dv_j;BUQ”-(S:ndsquBf-émdv (2.2.16)
==L, Tul3T D%

T =Tig, @9, ="Tig,g," (2.2.17)
Thl,
_ 1

E; |3 Green-LagrangeE L IEN D, %LdH, TUHE
1EAROEERH (o) , TRIEFIHEICEELHE
ICERT 3F 2B MDA RS H(cw) , E,HEL
EAROEEE () , B dB1ICEEL@ICEL
5E2HARDEAME (v,,) DX,

N(2.2.16DEDDER = ERDEERICERTE
NITEHEDLEICES - - -

* ERAIDEER COREHEORE
FERRET
_ 91°(92%95) _ lgixgsl o/ (2.2.19)
G, (GyxG3) |Gy x Gy

LA -T, H2.216) &Y,
anSZJ(SEijdV: J;Bagn-émdsqthf-éa:dv (2.2.20)

=1L,
g = 191}l 7, (2.2.21)
G, G2| ‘
358 —Piola-Kirchhofflt. 1 & (X,
|35 —Piola-Kirchhofflc h TV IV ERIETN S,
B AIC,
E=E,G G (2.2.23)

|IXGreen-LagrangeET > VIV EEIEIN B,
TlE, RDIFEIE?
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* RS EDRBIAFEDRE
Roiga, FHILAZIRET SDT, FB3IWMARDM
711%0.
fBoSaﬁéEaﬁdV = | tr-seds+ [ f-sedy
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EAIZAAIIC L BREAEGIAFIEIEND G EDR
EADICK B REHLESE. HLB2AREBEHG EFEFEANIC
& RS,

% 1IE35
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5o
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53
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.SO B

ThY,
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TlE, EFEOEEZERTOHEEYMY Z2RIE?

HZR COEMEVYRIOR

1 v 0 ||Ey]

:1—EV2V 1 0 | By
0 o 1—v|2En

Sat B |

S22\, E, =|E

557 2E7,

1w 0]

1_EV21/ 1 0
0 0 1—v

(2.2.25)

(2.2.26)

(2.2.27)
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Si’j’ _ Oi’j’k’E’EO C =021 (2 (23|=|Cc2211 (2222 (2212
1;55 ZEDD, o 31 (032 (33 1211 (1222 (11221
Cikt = ClF (B - GF) (B GY)(Ey - GI)(Ey - GY) C = —
(2.2.29) (1=v2)|G) x Gy
- 1-v) (G12)2
Gy )2 —GoG
( 22) {+1/G11G22 221112
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* ETRIVFDESE
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fB SOBSE, 5dV = fangn -5mds+fo-5mdv

IKBLT,
= Oéﬁ
5U = fBos SE,5dV

Zwml-TUDFEEL-ELED, UZEIRILF LT

WX,
SWSE 5 = SIOE; = CVE;6E;
THHDT,
fBD SOBSE,5dV = fBD CVE SEAV

S
S,

_sL [ ¢ipE.
=63 fBoOﬂEzEjdV]
L7=5*> T,
— 1 ~Z”
U=2 fBoCﬂEiEjdV
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]. . . ]. i
L=T-U==M,, & —ngo CUEE dV

2
(2.2.29)

ThY, RIMFRDRED L

t t
j;oéLdt—i—L/;U;Bog”-6:1:ds—|—fo-6a:dv]dt:O
(2.2.30)

THBHIDT, FKNMPR7 b (BIZEH, —ARLEE
E) 22T 0IF, &R,

i@f%@T

dt\0z %z 3

_ . 0T Oz

= t P ds—l—fo 5 dv

0B° ~ 2

(2.2.31)
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VERRECI AL,
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TIRLN,

ETNEFRL, ERROEANDDRD GIREFCTI RN,

2021 FEFHERRICHABIE2:E EmESYIDRBRINEDEE



2021F11A178B0K)7-8BR

FHEMFEHB
£2:m EREmESYID#EITEDBIR

B3F [REOERTE




1. IREXR

* RERDFFE

Nno

—HXNRRBER T, ERAEMERT DL, £5
ICEEEZTDERETSD. I2D05, ERISAZE -0
&9 D.

EEFIEZE I DRI, FEISAREICH TS ERT
ERLETINENDD.

DFY, FELHIMEZ#H<BEICHWVNT, 2D0
FERAZEHBURECS, —ADEMREIZEDTLY
256, ARBSEEAZRZRITIET THIH,
RELXRTIIAAZHZERL, ARZFEOHHGEEC
DENETH(EVDID, ARZERULIMEET ).

DB, EEREORERENNZ 0 &ETD2DOH—HRRY
REBEEZRTHDIN, CC T, EfERIMENR—ET, H
D, BIERAIMEICLEARTIEBICSINSWVWEDTH D &R
EYD.

— DFY, B, EREISXEREEDIEFRAZ SRR
IC2BIE T THEIN, CCTIFIRETHDIERET
.

- ad, BEEETEZ 0 &89, EREOEMREINZE
EREEDIFFEEIC T DIHZEY, BN NZE—E
ERETDHBICOVTIE, LFORNESER.

Shoko Arita, Takumi Okumiya, and Yasuyuki Miyazaki,
"Numerical model for prediction of wrinkling behavior on a
thin-membrane structure”, Mechanical Engineering Journal,
Vo.1, No.4, Paper No.13-00086, pp.1-16, 2014, DOI:
10.1299/mej.2014se0041.
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* wrinkle¥IE & 18Rkl

EFRMEDGZE, EWANBREEELRAN—EL, Fb _A-B _A+B 2.33)
A7, EEEH, EDRERIE, —HERDBETHNIL, V“l T, 0 T 3.
T1 E |1 vim Etb’
rl 1-2 | 1|y (2:3.1) Gl=G-G', (>=G G2
L7zDhioT, EEZETINIE, ERFIEFINTED. G'=G-G* ~
1A= BE\G' + E,G? + EyG3 (2.3.4)

X BAMDIZARICDOWVWTIE, LTORXESE.
Yasuyuki Miyazaki, "Wrinkle/Slack Model and Finite Element ~ ~ ~
Dynamics of Membrane”, International Journal for Numerical ¥E1 =FEy, Ey==FEy», E3=2E)

Methods in Engineering, Vol.66, No.7, pp.1179-1209, May,
2006, DOI: 10.1002/nme.1588

* EEDER

Green-LagnrageZETFVIVDEIBIENEE
(E,G ® Gi)e = e (2.3.2)
ERICEIE T 5L,

CEE32—4E~1E~2, BE\/A2—|—DC
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1) 71 +vy2, >0 :taut

2) 1 +vy, <0
2.1) ayvy, +799 >0 :wrinkle
2.2) aqry; +7, <0 :slack

4~

u"v stress

B’u,ckl'mg e

taut, wrinkle, slackICIaUT, FEHDEEEEZE
R DITDHETRIIOR T ZRDELS ICTVEZ .

~
=Dy, T= M 75% (2.3.2)
T Y2
[ 1 v
1—v2|v 1
QU
r=ir,-——%£ |7 ™ (2.3.3)
l1—oap?|lary 1
o
r, - E 1 oV
1 — aqapr? |l ay
’WJE}E%& LTI, o [FINEVMEICU, o, [FENICEE

ND tﬁ*b\ﬁﬁlgbtb\t;%z'ai%b‘, v, Ev, DIE
NIFIFFECEDIHZS, Newton REDINREMNES %
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* Frei Otto, “Tensile Structures,” MIT Press, 1970.

Pneumatic Structu re-a

Frei Otto
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1. HENSD DR

* Frei Otto, “Tensile Structures,” MIT Press, 1970.

Tensile Struc +urF
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* Frei Otto, “Tensile Structures,” MIT Press, 1970.

Tensile Structures
Pneumatic Structures
Frei Otto
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1. HENSD DR

* Frei Otto, “Tensile Structures,” MIT Press, 1970.
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2.1 ERDUN - AT (1998)

Yasuyuki Mivazaki and Yoshitaka Nakamura, "Dynamic Analysis of Deployable Cable-

7] o~ ~ Membrane Structures with Slackening Members,” Proceedings of 21st International
* ﬁ**ﬁ'i\n%h\ b?ﬁ (’) 7 i E%Z_ z 317_: (’) ¢eoe Symposium on Space Technology and Science, ISTS98-b-13, pp.1-6, May 1998.
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2.2E 71 F CORDINADERR E EBUEREHT(1999)

Masaki Namaizawa, Yoshitaka Nakamura, and Yasuyuki Miyazaki, "Dynamic Analysis

v e e
— e (N N~ 7 of Membrane Structures with Wrinkling Members”, Proceedings of Asia-Pacific
- .:I:l [ E [1) AV 0))( Vibration Conference, Vol.2, pp.782-787, December 1999.
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2.3 BEATTDAIL—9TIF1—TDER(2000)

* RENREDHEEE

Yasuyuki Miyazaki and Michiharu Uchiki, Deployment dynamics of Inflatable Tube,

AIAA/ASME/ASCE/ AHS/ASC Structures, Structural Dynamics, and Materials

B

_0) ﬁm AIAA Paper 2002-1254, pp.1-10, April 2002. (CD-ROM Proceedings of 43rd

Conference ), doi: 10.2514/6.2002-1254.
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Yasuyuki Miyazaki and Michiharu Uchiki, Deployment dynamics of Inflatable Tube,

A\ — [ AIAA Paper 2002-1254, pp.1-10, April 2002. (CD-ROM Proceedings of 43rd
* t jJ Z t 0) EE n I|=|| 0) 2 AIAA/ASME/ASCE/ AHS/ASC Structures, Structural Dynamics, and Materials

Conference ), doi: 10.2514/6.2002-1254.
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2.3 BEATTDAIL—9TIF1—TDER(2000)

* REHTREDHESE,

DA

Yasuyuki Miyazaki and Michiharu Uchiki, Deployment dynamics of Inflatable Tube,
AIAA Paper 2002-1254, pp.1-10, April 2002. (CD-ROM Proceedings of 43rd
AIAA/ASME/ASCE/ AHS/ASC Structures, Structural Dynamics, and Materials
Conference ), doi: 10.2514/6.2002-1254.
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Video Recorder Camera3
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Pressure Sensor Camera1
‘ Inflatable Camera

4 Tube Gas Tank

-
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OW=Movable ~ Pressure )
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2.3 BEATTDAIL—9TIF1—TDER(2000)

Yasuyuki Miyazaki and Michiharu Uchiki, Deployment dynamics of Inflatable Tube,

* RENREDHEEE

A

AIAA Paper 2002-1254, pp.1-10, April 2002. (CD-ROM Proceedings of 43rd
AIAA/ASME/ASCE/ AHS/ASC Structures, Structural Dynamics, and Materials
Conference ), doi: 10.2514/6.2002-1254.

—o— Simulation
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* RENREDHEEE
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CODY

JIC X DIRERI(2002)

A

Yasuyuki Miyazaki and Michiharu Uchiki, Deployment dynamics of Inflatable Tube,
AIAA Paper 2002-1254, pp.1-10, April 2002. (CD-ROM Proceedings of 43rd
AIAA/ASME/ASCE/ AHS/ASC Structures, Structural Dynamics, and Materials
Conference ), doi: 10.2514/6.2002-1254.
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Yasuyuki Miyazaki and Michiharu Uchiki, Deployment dynamics of Inflatable Tube,

A\ — [ AIAA Paper 2002-1254, pp.1-10, April 2002. (CD-ROM Proceedings of 43rd
* t jJ Z t 0) EE m*° I|=|| 0) k- AIAA/ASME/ASCE/ AHS/ASC Structures, Structural Dynamics, and Materials

Conference ), doi: 10.2514/6.2002-1254.

BEUVCEFACRSTICHMNDRERICHDICEE

H 2021 FEFHERRICHBIE4:E F&6
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2.6 V—5—&ENEAILISAS/JAXA)(2002-)

Solution Using Particle System Approximation / Simulator Using FEM

2010/6/9 lkaros

i — - HENDY—S—tAVICLEBE
Analytical Approach (Sail Configuration, 1T =3
Response of an Actual Large Scale Membrane) Surface Control Method FEﬁ ﬂn'{-'r E E ?E LJ <
ALl Flight to Jupiter - :l%fﬂzo)*ﬂ{bé L—- 5/'./7E rz EDE
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2.7 IKAROS (2010)

(a) Tip-mass separation (release of launch lock)

Spin down

Separated
from launch
vehicle

Rotation of four guide bars
25rpm _ against main body

"4 4 membrane

Guide bar ~ Bundle of folded

Tip-mass separation

Four bundles of folded membrane
are extended quasi-statically.

(c) Second stage deployment

Four guide bars Membrane deploys

Deployment is

completed.

are kicked down. dynamically.

"f
w NN

= ®

/’\
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2.7 IKAROS (2010)

* Finite element mesh

Spacecraft model Petal

&, 8L\ (11,0005HERERE)
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2.7 IKAROS (2010)

* Attached devices

Spacecraft model

Tether unit
Liquid crystal switching film

WAABTINA ZDMFL TS
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2.7 IKAROS (2010)

% Reinforcing tape, tether
unit, bridge

Node for membrane element

O—O——O——0

v,
)0
Lo\

— 8——3 o0
Cable/bar elements AN / “ T

are superposed on Node for cable element

membrane elements
Petal Bridge

. cgn S ft mai fastener
< Constraint condition | |re mesh o D ey
. . petal
X, = aéxi -+ Ozc]xj Triangular
\ membrane
H&L element
% Nodal force vector fastener Center tether
s X —
f;. — f; + &cfc Bridg? ™ Finite element of
~ ® - ~ ~ © o~ tether unit
H%wa\\yyzb\%ﬁ%&l; fj — fj + O‘gfc O : Node of petal
REDZEEIFI=h DT 4 o O : Node of bridge
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2.7 IKAROS (2010)

* Self-contact of membrane

Spacecraft model
" Fold line

AN

BEY S5 BERDZTMIT
5

Contact of two triangular elements are
considered by using penalty method.
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2.7 IKAROS (2010)

% Bending stiffness of fold lme

Spacecraft model

Fold line is assumed to have initial
deformation and rotational spring.

~—— Membrane

{ Crease v Rotational

. spring O AXzE, 1Y BIZERT
BICHEZMIZTIFETIEEDND
e GTREFRINEENICIEZ 27217
Eol L 5TNT D).

MEfeE, AEVL—FONE L E,
Y BEDHEIIZTNRVICHS.

2 Crease ﬁ>

£ Crease

2021 FEFHERRICHBIE4:E F&6



2.7 IKAROS (2010)

% Bending stiffness of flexible solar cell

Spacecraft model

Bending rigidity of solar cell

EEEEENIARE BN . |: x5 . xl : xl _ x2 i||: x3 B x2 ) x5 _ xl :|
‘xs_xl‘ ‘xl_xz‘ ‘x3—x2‘ ‘XS_xI‘

i YT VERTHETNEN LS
sno [y x2[4 X3 - x? BONMEBS AESNTUESH,
L 5 ERICEREBHEZEMLTEHE
IO EBEL>EZEDE, VT
Bl 2B 20 BREE, XVY1EMAN< UL
EFRNMEZ D XEEETETRD

T, F=iR\ L.
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2.7 IKAROS (2010)

% Holonomic constraint

Spacecraft model

Main body

Center tether

BEERKIIAEELT, 79—
DffizldHolonomiclIR CHEAS
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2.7 IKAROS (2010)

% Sub-domain decomposition for parallel computing

Spacecraft model

N 7
Sub-domain 3
-- E' \S h-domiai /
Sub-domajn 4 Sub-domain 2
HEEEERINANN {1V T[] ﬁ _
Sub-domain 1 YEFIEIMPITHES I—RZB84EL
UMD, 259, SRS5AFI{EAD
N VI ERES T R<EHET
/ AN X304,

Computation time is reduced to about
25 % of that by non-parallel computation
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2.7 IKAROS (2010)

% Tip mass separation

Four tip masses were separated.

Tip masses were separated from the main body
12

—
| | $
(¥ p]
5 ot 3
Q 119 I
62 -
| S x
— o
w
Lo11s vV —
(G o ~
N = o
— 117 o %
[} —
+— o Q
(48] =
~ 116 -
c T
= =
D s - ' : ' : ' 02 %D
3900 4000 4100
<
Time , [sec]

- The spin rate was decreased due to conservation of angular momentum.

- The angular velocities of x, y-axes were zero before and after this event.

(If one of the tip masses was not separated, nutation motion was occurred.)
=> Four tip masses were separated at the same time.
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2.7 IKAROS (2010)

* First stage deployment

First stage deployment

160 : :
Flight Data
Simulation
) 140 Simulation({adjusted)
S~
o)
2010/06/03 S 120 |
v —
= L2 100 |
s 2
1 E %, 2
D F sof NS
g 'n\
(]
[ 60
o
e 40 | i
20 L L 1 L L
0 100 200 300 400 500 600

Relative Rotation Angle[deg]

Stopper angle [deg]

adjusted by changing the mass distribution,

(——

. /)
Simulation data (adjusted mode) = Flight data
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2.7 IKAROS (2010)

* Membrane shape at the beginning of 2nd stage deployment .

%29, CARBRRUDIIC
BOTLVzDTLLD.
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2.7 IKAROS (2010)

% Membrane shape during 2nd stage deployment

. —

The deployment was not symmetric and was completed after
+25.0sec since the 2"d stage started.
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2.7 IKAROS (2010)

* Membrane shape during 2nd stage deployment

beggining of second stage
35 y ggining | stag

| ; | | | | | CAM-H2
80~ . |——Fightdata] CAM-H3
25 |\ . o A S N o |
20 Quick
N NN LA e 7 deployment Delay of

deployment

—_—
(&)
i

Spin rate (deg/s)

10 L. MV L — | CAM-H1
5. ,,,,,,,,,,,,,,,,,,,,, |
0 | ‘ so%mething happ?ned? ‘ |
0O 10 20 30 40 50 60 70 80
Time (sec) < Such a two-phase
The spin rate would be converging to 18 process may be caused
deg/sec during the first 25 seconds. After that, by the asynchronous
the spin rate converged to 15 deg/sec. deployment of the
membrane.

The oscillation damped very quickly.
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2.7 IKAROS (2010)

* Membrane shape during 2nd stage deployment

35 ‘ ‘
30 S —— Flight data
» o5 | 3 § | = FEM with time-shift
D) B U : ””” .”:’ ”””””” : ”””””” :’
O : AR ‘ | ‘ | ‘
S 20 B A I _
% 15 NN WY AN N 4 e WS PR S LR LT
oV VR :
5 % S AN S .
0 ] | | J | | |

Time (sec)

NONVTEDNIRDE BOUO-hMYEZEREULT,
R S5&2EREZETSTE, BAL
B<ENDIXLRD
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2.7 IKAROS (2010)
* BER(E) 7Ty RI—9(H) EDEL

Nno
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2.7 IKAROS (2010)
* BER(E) 7Ty RI—9(H) EDEL

Nno
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2.7 IKAROS (2010)
* BER(E) 7Ty RI—9(H) EDEL

Nno
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2.7 IKAROS (2010)
* BER (L) ET—T IRy hT—0 () EDEL

Nno
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2.7 IKAROS (2010)
* BER(E) 7Ty RI—9(H) EDEL

Nno
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2.7 IKAROS (2010)
* BER(E) 7Ty RI—9(H) EDEL

Nno
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2.7 IKAROS (2010)
* BER(E) 7Ty RI—9(H) EDEL

Nno
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2.7 IKAROS (2010)
* BER(E) 7Ty RI—9(H) EDEL

Nno
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2.7 IKAROS (2010)
* BER(E) 7Ty RI—9(H) EDEL

Nno

A\
N\

ERELTWVS
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2.7 IKAROS (2010)

% Demonstration of photon propulsion

Doppler measurement data at the second stage deployment

| + o Second stage o o o " Filtered Doppler 0-C = +
100 . deployment S WY N RISt

S~ (09:36 UTC) | , | e

S Q= . i i ' : g '

S 23 9 : L — e - B

< .
é N ; I Period of data loss MM
A B o 1 dueto deployment -~ =
< I - L2F

> = 1 operation L
5 2 S 70 - H pA W o b

S + % I N LT
& ? 2 60 ' e
> Jb _— i ’—l—i-l;A

- : -7 i
+ 3 i_-- ! I P o _
20 i = S = = ! ! | ! | | ® ~ 1367W / m?
. T B B N R R R P
09:00:00 09:30:00 10:00:00 10:30:00 11:00:00 11:30:00 12:00:00 12:30:00 Jc~3.0x 10°m /s
. ) . A =200m?
Time on June 6 (Universal Time) o s
| R ~ 1.

The value of two way doppler was increased gradually, after second stage deployment. _, ,_ ¢ 2 + 6835%x10-6Pa
The thrust by solar light pressure can be calculated 1.12mN by the inclination. ¢

_ _ _ = F =pA~137TmN
It is nearly equal to the designed value of solar sail.
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2.7 IKAROS (2010)

% Demonstration of photon propulsion

IKAROS continued to be accelerated by solar sail.
120

|
o
o

=it

\

Total delta-V by solar sail [m/s]

60
S
40 P
//
20 o
0 v//

0 20 40 60 80 100 120 140 160 180 200
Day from the launch day

The total delta-VV was achieved to 100m/s within six months
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2.7 IKAROS (2010)

% Demonstration of steering devices

Reflection Control Test Attitude Control Method
Using Steering Devices
P - ‘r\‘-\)
# ; )\/ z\\\
P D ~Fa D \
" N\
e T NN
I‘-.. :‘r' T :ﬁ” \ T \\
\ AR o \\ \ \
\ b\ % \\ X \\
\\ \l \\ . \\ \\ 1
b, & g2 TR
(Specular reflection)  (Diffuse reflection) - G \\\\ = S *\'Jl
How ON and OFF reflectivity control devices : \ \\ /;; 7 o _ AT
looks like in orbit was confirmed by the \ ‘\ 7 i ,)r o o -
pictures of the second separation cameras. \\ V.7 3 dlaal OFF
‘.tﬂh:‘ﬁt T \ .( " z’/ (Diffuse reflection)
(RERN) [ xa 2 Gamm) MR
REON ( ) T BEOFF ON
]' e ﬂ (Specular reflection)
_ BET35E U
The steering devices need to be switched ON
_ and OFF according to the spin rate for attitude
FESTCHERHTEING KDERLTLESDT control.
XohEEmEICLEL. NHBLIED
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2.7 IKAROS (2010)

% Demonstration of steering devices

'10/07/13 Attitude control experiment using RCD

15.8 .
157 (without control)

e il

15.6 e Attitude maneuver
153 e, by steering device

15.4

15.3 >
15.2 Sun-pointing control is pefformed

15.1
4.52E+06 4.56E+06 4.60E+06 4.64E+06 4.68E+06 4.72E+06

Sun angle [deg]

Time from launch [sec]

— Control OFF = Control ON — - Control OFF (extrapolated) ‘

- The sun angle was increased by the orbital motion without steering devices
and it was decreased by steering device control.

- 94% of attitude control performance was confirmed compared with the ground-
based performance estimation.

- Very smooth attitude maneuver was achieved.
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|

PIZIE, BET —LCERANS AR E, EMERC X DIRDERS JUBEVIDRIARDHERF ?

& — Ay
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2.8 Convex Boom (2012)

% BCON boom

o Ri-Comiex

Bi-convex tape boom
covered by braid (BCON
boom)

Watanabe, A., Ito, H. and Hori, T., “Study of the
Extensible Structure Which Coated a Braid,”

Japanese 56th United Conf. Space Science and

Technology (Ukaren), JSASS-2012-4496, Beppu,
Japan, Nov. 2012 (in Japanese). Two node element (2N1B)
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2.8 Convex Boom (2012)

% BCON boom
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2.8 Self-Deployable Membrane Truss (2013-)
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2.8 Self-Deployable Membrane Truss (2013-)

RN T —LMRIFELL .-
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2.9 HELIOS (ISAS & ®IKX)(2019-)

y Z ’u)yable cover '

Stepl 13/ (—

e b =

H - Step2 fEER
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SERDMFRIEE (ERDINDED)
* SR

* iEEfhE

BECERMWEOREVED(FEEDTAXICELS
9)
‘BERICTERITSIED@EE/NREULTORA)

BIED+ZICHDIED(EHT, SMFIFNTES
NnR50TM)

HEARBEZTATEIED("ERENDEDN EET
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BE CAMEDHIRICIN I TE S EREM (BEEERE
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#E F CHEREZFHTE38E
RYDRT—L, BRENIR)
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1. SEROMREBR (EBNDNDSED)

* Rt IEEm

— High Strain Composite DfRFEZE1L

— EEEEGEEA)

- EOFHE(EME) ORLEZEE (EOHFY B)

- “BRINSBERh(EEEET) FE(ERE
na3"0osvy)

* H SRR

— TLYFTIXL it EAREE
- BIZIE, BBABEETIVDEER+ TIVETIVOEIE
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— BIZIE, EVA-IEBEICUT, 1EY 21—V
+EAEBORER + JIEFIVOEBERT CELE L
EHEERETEDRLOICTBRLRE

* ZDfth

REOREE-HVEHE(BRDZESE-ITUEDM
1775 or BRFTERBINEE?)

iR-IRE T /N1 RICBULWRY BHUIA-RFF A
FiE £ CORBEDRREHEEE

IEEDEIE _ERZANHIENE
RiEeDiE LA THE
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2. REIFHEE
* ERLEIIMENNEL ROA R T EBEN D — i

s (H1 )% 7T —23 4l

a) KER-BRERS [ PNl , POV —F
(20 -100m) RBEICN 9 SEKISMMODEEC
LERTELN.

NENE LT Rl 908 EAMELICH U TR E B1Es , SREARSE 7
(20 - 100m) ICHES TE S, HRREDK LA, BE/\YFFUTT
REENBRINS.

c) BARIEE EXGBETHY, BFIREEEN FHABRIREEEE( );
( <1000m) ICHERFCE D186, ERENDF FETILR—F
WEE(Xb) & FIEE.

d) KB -SHRERBE [EINiZN terNOXihokiiy i , BIRBEXFFEE
(5-20m) BRE SIS, T X IMhDiE
EICEEARTINEL),
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2. REUFHRES
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3. DFE LS EROAREEEEREFHIEE
/N —5—t1JV NEA Scout(20227) ] [Cemar] [

\

—

Rx & Tx LGA GSE Connector |
(JPL) & Sep. Switches
Sun Sensors ‘ (coTS)

(BCT)

Rao 1
(JPL)

B ‘Propellantless’ primary propulsion method l
o . . - - Reaction
| using momentum exchange with incident s (4 =t .
p ho to n S Solar Panel ; { ‘ = .,_.
Restraints X4 ‘ J
(MMA/TED) i

EF
(Sierra
Lobo)

Leverages MSFC NanoSail-D (2010) and H
collaborate arrangements with the )

Planetary Society and University of Surrey

| 2ux3u Solar Panel
| 3strings (TBD)

Solar Sail | AMT
|2 Controller Board
—! (MSFC)

: ~ : : - 3 Strings X2 —"
‘ : - = 4 (MMA) 2Ux3U Solar Panel |
& - g P and MGA (TBD) |

LGA, Sun Sensor
(JPL/BCT)

Incident photons

E 5un\‘_"

angle
.

# Direction of
Thrust

-
Sail
normal A2
Reflected
photons

6U. SLSTH 5 LIFFE(B86mM27)

2021 FEFHERRICHBIE4:E F&6



3. WD SR SRORFIEESRETHSEY
* #BIVEY)—5—t1)U NEA Scout(20227?) ===

GSE Connector
& Sep. Switches

Reaction
Wheels (4)
{BCT)

v
. . e — .
3 il " .
Solar Panel '/' mn ~. ‘
Restralnts X4 :
(MMA/TED) | . - -

coH M eps Intertace

(PL) B (Siera || Board (JPL)
) o Solar Sall | AMT

] :‘1 m (Sensenor) Controller Board

(MSFC)

e
3 Hq RCS ; NG
HaWK Solar Panel 2o (VACco) i
dswingsXx2 SR =
{MMA) 5 (Hidden) Rx & Tx
LGA, Sun Sensor
(JPLBCT)

6U. SLSTH 5 LIFFE(B86mM27)
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3. DFE LS EROAREEEEREFHIEE

BN —S—t1)L ACS-3(20227)

Photovoltaic panel

(2) deployed

ARC 'BioSentinel’-class

6U bus shown
:r:-fl'rltr'((' only)

6l spacecraft
bus

|photovoltai

ACS3 composite boom panels deployed)

deployer unit

Sail diagnostic

ACS3 solar sail
o
stowage cameras (2 4)
- locationtobe  THg——F——
compartment

determined)

v - " .
‘*{1 uadran ; f
. fane (ref] . :
I Metallized (Al/Cr)

(sail rodls not shown)

2 um PEN solar sail Deployable
Cold Gas gquadrants (4), with high-strain composite
Propulsion Unit root cutouts. booms (4)

12UUNZH6U, SvarEphieU). Rocket Lab®MDElectron
THSELITEE
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3. W ERSRORBEERSENTFEHES
* #INEY —5— 1L ACS-3(20227)

12UUNZH6U, SvarEphieU). Rocket Lab®MDElectron
TS5 LEIFFE
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3. DSBS EROABRESREFEHDE
* ZE VR VORARHE (BRS ARISAS)
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3. DI L GERDRIRUE!

X

RHF S

==}
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Direct observation of exoplanets

@ D =30—-70m
L =18000 — 120000 km
planet
D Separation ang
A T T =
V—X £
4C » B B
N2

A
\

Pupil plane contrast [-], log scale

* INUFHETHORAY—II—RDTE

Satellite bus

Occulter (stored)

¥ Occulter (deployed)
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