[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbdgoooobbobbbouooooboboooo

oo
oo
oo

Gyros

0o:00@O),

oooooo:0o0o0ooo,

0000:00107930,

00 000:20180 30 26001,

ooooo:oooo,
000:0000,000,000,0000,000,0000

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J 0 107930,

Conferred date:2018/3/26,

Degree Type:Course doctor,

Examiner:,,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(5 L3Fe)

Doctoral Program

2A =
mm L BB
THESIS SUMMARY
B it o oy HREThL (UM &+ 2
5 D By,
Department of %Hjﬂlﬂﬂ AT A 5 & Academic Degree Requested Doctor of ( €L )
Y . e Y = N R
R W A Rt (B - Bk SR
Student” s Name Academic Supervisor(main)

A () -

Academic Supervisor (sub)

HPH BB R RrEMEHER

#E  (Fo3C 2000 FFEEE)
Thesis Summary (approx.2000 Japanese Characters )

N LA RO/ NI D HGED R E > TW D, RIS #T BT O X 0 Fii S
N5 vva A3 EL TR BEEREOREENTFHES AT JMIBERINIGEDH D,
HagtEE EOFEE LT, avrbo— - EB—A2 b V¥ A1 (CMG) OHEHENFLEHSN
TW5, CMG [ EFHEDOZBHMAEE DO —FEThHY . KM 2 HAHEE WHFIERH 5
N, BIRTOmMA s OFEIEETH D120, BEHIERNATED MV 254E LI WK
A RREUSRTE) LA LTWS, fEk, CMG OBRENHIOEHTE) 2RI ESW =T F o —F 3
—fRHTH Y | EHER PR OER SRR E B E LT Do To, RimSUTIEEIIF LD
WS B T HWEE 5 D WX AEB BRI AR T 5, ZAuZidkkx e R A B
ML TE DLV FLERH Y | AP CTITWEB) T 5 5 N A HE) &R 7RIS  EBh R 72
LRI Z AT, CMG BT HEOGIEMREL R ESE2 22 HNET 5,

1% [FR Tl CMG (CBIT 2AF9E Y s 2 3B L7- B, WIgEif L T a4+ 5 TR L
L COEB) PR 2RI S R L, SRR Z R T 5,

2 % [CMG ##FHEOLRE )5 Cld, FHED )7 0K & 72 2 # B L H—RIR @)
T OWTEI L7210, AIZE @i 0 CMG (W53 SGCMG) ## it L ovmrzs
W L CMG (VSDGCMG) ##iF i O 24 A 7 — 487425, £L T,
BoNTER) R A 2SR BED S S ACHMARALIPI L, RELUBEOV I 2 b— 3 Ui
B D KETEXE LTRIAT %,

3 # [H— VSDGCMG % f\ 7= Wi @) S < BB ) TidE 9", B— VSDGCMG %I
% U CREAF O EBY 2 53 < BRENI 25 U 72720 Cld, 5 SRR 2 K & 2 B8R 0V R
ELTLEIGENMAET DI EEa7RT, ThESTZD, (OFTVHZ | LV OEEZER L.
e JLREDREOD 7 72 & R B RUEIE & T REZOHTHRIEAN 2 R R 2, 61T, BEFFIEL L T,
REFIEIL A ZZR0R0H Vb OO, RS R EGE - Wil OHW & E L <ATo> TEBAEL LY
B TE D2 &, BLOFFE SRR K MLV 8% 1 ERICE TR TEX 5 2 L 207,

4 % [SGCMG % H\ 7o s B & RAFRNC EE D AREHE & O @ Z8HIH) Tk EJ, EBEO
/NI RIS S L7V CMG A BNCEY | e Ry w7 VAR - AIEHEE & 5 B 7o
WHEMEEZ CMG A T5Z L2, ZRHEBETHZ & TR0 EERNHIERAEELE 6
R EICERT D, I, ZNOHOWMEITIZ &G Y v VIR E 52 256, 73y
R SGCMG FAIZxt Ui, 1XF BEEAA 7 —ili[n] v (& — & A E iR T hh X[ [ =
— AT 7KW NRERMRIC 1R ERE2EENS 2 EERT, T LT, ZORRERBIV
VAT AOEAEBENEFEL WO FMNEHAWD Z LT, KR BIEAA T —lhE b0 I ICEliE S




DYV EDRL, 3 KOV DORIEHKEIRFE 0 2 2 5K 6D 2 R I i R R BAVE R % i A
S, EERERESERALE T FIELRET 5, FFIETIE CMG O Y 27 bE— & ORI 73
B2, AREOLRLTHMEEE CEETEDL LV ) RUCKRARD 5, IBETFIELEFO Y
4 — Ry ZAlE DI EITV, BERMZ 6-8 HICETCHEMTEHILERALNZT S, &6
(. MERERE A & OB ATV, BEERFEIIIR K T 3 E L 2o TLE D DD, FHHEFREH
IFE T 100 0D LICETHABND Z & ERT,

5 # TR AN & SGCMG % OF ) L7 /M s @R AF RN HD BB ik, TRk &
Pt & SGCMG %Al G D 1o BT 7o 7 BB HIAER IR LRI OB 21T 5, 3. MAiEE &)
BB LT 4 — R ZHIERIRET D, VAT ABNHETHRRS~ORE LT, W75y
A —HEEGEDOTND, TLT, BELLE 74— R ZHNZ L > TRRANEBETE 2 L&
Yialb—ra L VRT, WIS, JBRETHRORERMESARRBELZFE Z L2k T
74— K7+ U= RNKANERDD, NHICEATHIHSEME L L CAERRRFOREZRT Z &
T, RO AR ME, KHEELEZK > TS, 2 ORBFIERITRHIC KA EERETIZB
T/ vk ) Iy 7RO, AT NEIC L o TRERRIR, T72bb7 4 — K7
J—RANREONDZ EERT, ZLT, RELTHEAA 7—FEDLIZFHIZEIETE 5~
X—=ThiuX, BIRAIEERE, SGCMG O RFAREMRIL., TNENEBETHW & DR
REAR LT 2 2 & 2T, AT, x5 e T DR AT AT Z dilil=] 0 (28 Lo &2 384
SHLZEIETERONA, Z ®hiEl) OEME— A FEERSE 2 2 LT, ~ X — /R O BE
(CEBERICEBRATREZe 2 & G MNICT 5, & BT, FRTIE 8 HiFlEH 2 W IX KA~ X —
DOEBIE R 2, BRI EEEOLZBIH LRI LT 1EMRICE CEIETHDIZ L E
AT,

6 & (i) TIILLEOMmREZEN L, AROMEELIE~D,

i« FRSCEBIL, FI3C 2000 = & 930 300 354 1 ET ORI T 52 b L<ITEL 800 5% 1 FRH L T E&E W,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HEE SCEBE, RLRIP—FUR TN (T2R2) ICTAUF— Xy MARSNET O T, AR FRERFFHA DN TERL TTESV,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(5 L3Fe)

Doctoral Program

m X EE

THESIS SUMMARY

B bt sy HiR L (%) - it e
Department of H%*’fj?ﬂ: L AT A ﬁl& Academic Degree Requested Doctor of ( L5 )
FERA : —— FEEE (L) - RS
Student’ s Name L ﬂ;lj( Academic Supervisor(main) fak =RE B

fEHA &) -

Academic Supervisor(sub)

B ] RpE e

S (FEIC 300 GEFEEE)
Thesis Summary (approx.300 English Words )

Control moment gyros (CMGs) are actuators for attitude control of spacecraft. Though they
can generate high torque, the torque direction depends on time; attitude systems consisting of
CMGs cannot always generate torque in arbitrary directions. This degenerated state is called
“singular state”. Previous studies focused on dynamics-based CMG steering laws and
therefore complex Euler's rotation equations must be taken into account. In this research,
kinematics-based steering laws are proposed, which can simplify various problems. The
objective of this research is to improve attitude control performance by using the proposed
methods.

Chapter 1 introduces the background, motivation, related works, and the objective of this
research.

Chapter 2 formulates kinematics and dynamics of a spacecraft. Then, strict Euler’s rotation
equations are derived for variable-speed single-gimbal CMGs (SGCMGs) and variable-speed
double-gimbal CMGs (VSDGCMGs). Approximated Euler’s equations are also introduced for
simulations in the following chapters.

Chapter 3 proposes a singularity avoidance/passage steering law for a VSDGCMG based on
inverse kinematics. It is shown that simple application of inverse kinematics to the system
only avoids the singular state and sometimes causes the large attitude error in the vicinity of
the state; therefore the proposed law not only avoids but also passes the state and reduces
attitude error by using the concept of “transition” that is defined in this chapter.

Chapter 4 focuses on agile maneuvers using SGCMGs with low-computational complexity.
Important mechanical constraints are described for CMGs. Then, it is shown that
time-optimal maneuvers of a spacecraft with SGCMGs are similar to the typical simple
rotations under the constraints. From this result and a zero-momentum condition, a
low-complexity attitude control, which can satisfy the mechanical constraints, is proposed for
large-angle maneuvers using SGCMGs.

Chapter 5 addresses kinematic-based attitude control of a system consisting of
variable-shape mechanisms and SGCMGs. A feedback law for the system is proposed based
on angular momentum. Then, time-optimal solutions as feedforward inputs are obtained and
discussed for maneuvers of a spacecraft with the actuators.

Chapter 6 presents conclusions and future work of this study.
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