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KX, THEEREHE 7 A MEdHAT 7V 7 I 7 -0 LBL, 26 ENLHEEINTND.

B1E [fEGm) T, Av— b7+ REDNE - ZHEREE FREICHER SN 7Y & MERO S TINL
EEIDICEEEREELT 5EE AT T U 7 I T — (Fast Steering Mirror, LA T FSM) ##R3 M9 5. @HAT T
Vo7 I7—21%, ZEEE - JBIRE - @OEE - KOEBRDLNEH, I T7—OROBIIAAHIEZE
— FOBRARBEOE T 2 <720, KRAREERISELOMSIIRETH 7. T2 TANED BiE%, [F
BEOOREZ L OUERLOK 10 fEOINEEE LD FSM OB E 5. ZOEROTZHIZ, AL TITE+ 2
— MUROFEN I 7 —ThH 2 KB REZESEICEH IN TS “27—05EUR” ZEsBbFEE LTHN
ek A N FSM ZET 5.

F2E B A MEEATT Y 7 I 7 —ORELHRG TIE, B AL FSM O2FG L E7R G
WZOWTHIIIT S, 27 A2 b FSM IXEISEBB AR 2ot 7 A M I T =TS, 87 A I T
—iX 2 dhmESNER (O, Oy FIAIEREN) %475 F v 7« FL MEEEIER &, EOEEETE LTI 7 — MO A D
% X O HERRE) (27 MERE)) 92 ETERERS RS LD, MBRERRO T 7 F 2 = — Z 213/ NE TR Bk
B2 LB AEER T2, BNICITERORELRT A0t U2 WA EEEZRE L. BRE)
#PALY 0.3 mrad LA b, 1 IROBEAA BB BAE N RIED 10kHz UL ETHDH Z a2 BT A hI 7 —0fkEHH
Be L, Sl & ARRERMNT 2 AW TREFTE1T o 7.

HI3E [ZAMERBEINEY AL P I T —OREHIET TiE, BYELZE 7 A2 I T — BRI
REZFHMIS 2. BA/A— 7R CHIE L7 BB BUSE 2 FE, Mot s ) v T 74 v E 2 WAL —7ar b
0 — 7 OFRFEITo72. PHA—THIEREO /N FIRIXARERE) 57 CTHED 10 kHz DL EA 3R L7z,

AT 7 A0 NI T —owfE - &ERE - RIRIERE) <1, L TEREMAHBEMNEER 7O H O
W2 K DHHE A DS D FIEL % Lo, JEERFOFEBRKRIT L 2 FEIERBE)E# & B ERIE O 3512
LTRELRDT®D, @ - 7V A ~a—2 TOERBIR ZM AR LB/ 5. HERTITHENT 4 D
O fHF SRR ZE K A W T2 BREIZE M M T OV T E 2R, AR T L 0 MAINR O @ Wikl a O LB 4 B 15
L. EERTOVA T L —var&xi<izwic, 7—7 0 MadfEkEomnwe ) avrd A v a2 L.
R 2 MAENR MR OIEER T OREIRE D LHIE, BRBEWREDOK 10%I2F TR I, @SWmEIRR % i
AUz, Fo, RE EFOKED, EEEECHFERORELEIT TR, TEEER & OBRIE A I3
L7128, BFEOEBOMENZ L TFET 52 L 2R Lo, R LIMAlEm 2 ETHRERTICEA L & 25,
BONENZRAE L T A CREIT L DI EREE S 7z,

BHE [ AL FIT—ORKHE] T, EERFOEAT I VRICI->TELD, #HfEI A
FIT—MOBE (YA MAARES) #EBT2FEEZHBE L. M be—FTT7 0 — Ry ZHfAS
NIZEEBR T OEEEBEBROISEL, TOE AT UV AOEBERELSZTSH. BHOEI AL NI T—D
FTERENEY, FRFZNCRR e AT Y A= ECTREISN D20, A RCRESGHELD. AFRET
IIEERTOIREE, HHe 27U VA LBEEIREIC M TE D L REL, Hifitar be—F 54 OR
BICL > THEEE /AL P T7—OLETHBHMOHNE ATV S 22 —HEEHZ LT, RESGEKET S
EERET D, JEERFICHMUIZEBEEZ RSO ET VAL, SN EN %2 FEEOREEN T
Flofzfizar hr—F 54 L OFHEEL LTED, VT AYA LATHAE LTS Z LT, SO E X
ofc. KRMERLIBET 230 b —J 514 VIERORNES ZRE, L, BETITEIEIC Lo TR
ANEE S NS Z AR LT,

Fem Ui T, AR THOLNIERERIEL, SBORELBITND.
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Chapter 1 introduces the fast steering mirror (FSM), which is required to have a Multi-DOF, high response, high
resolution, and a large aperture. However, the relation between a large aperture and a high response is a trade-off. The
purpose of this research is to develop an FSM with a bandwidth about 10 times wider than that of a conventional FSM with
a similar aperture. To achieve this goal, we propose a segmented FSM.

Chapter 2 describes the concept and detailed design of the segment FSM. The segment FSM consists of many highly
responsive segment mirrors. Each segment mirror consists of a tip-tilt driver that rotates the mirror in two out-of-plane
directions and a piston driver that translates the mirrors. Both drivers use stacked piezoelectric actuators (PEA) suitable for
high-response driving and compact design, and the guide uses elastic hinges to avoid friction. The segment mirror was
designed with a drive range of 0.3 mrad or more and a first natural frequency of 10 kHz or more, which is the target
bandwidth.

Chapter 3 evaluates the control performance of the single segment mirror. Based on the frequency response measured in
the open-loop control, a closed-loop controller with an integrator and notch filter was designed. The target bandwidth of 10
kHz was achieved in all driving directions during closed-loop control.

Chapter 4 describes the development of forced liquid cooling of PEA to avoid damage due to self-heating of the PEA for
the piston drive. Silicone oil with high insulating properties was used as coolant to prevent migration of the PEA. The rise
in the surface temperature of the PEA during forced liquid cooling was reduced to approximately 10% of that during natural
heat dissipation. It was also confirmed that it contributed to the suppression of fluctuations in dynamics. When forced liquid
cooling was introduced to the piston driver, damage due to the self-heating was avoided.

Chapter 5 developed a method to reduce the step (piston error) among segment mirrors caused by the hysteresis of PEA.
Assuming that the PEA response can be decomposed into static hysteresis and linear dynamics, we propose a method to
reduce the error by tuning the controller gain to equalize the static hysteresis of the piston drivers of the multi-segment
mirrors. Errors were measured and compared between the unadjusted and adjusted conditions, and it was confirmed that the
errors were reduced by the adjustment.

Chapter 6 describes the summary and future work.
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