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The fast steering mirror is now being used in industries beyond precision processing, such as space and defense. The
piezoelectric fast steering mirror (PFSM), which utilizes a piezoelectric actuator, is particularly suitable for these industries
as they often require devices like electro-optic devices to withstand external vibrations and impacts. While the PFSM has
inherent high stiffness, its complex structure makes it difficult to control. To address this, an accurate dynamic model is
necessary. In this paper, we derived a dynamic model for the PFSM using a two-inertial system model that takes into
account its structural characteristics. This dynamic model consists of both a mechanical system model and an electrical
system model. We measured the frequency response function from electrical input to mechanical output and compared it
with the derived frequency response model to verify its accuracy. The derived model can be used not only for control
design, but also for instrument design and interpretation.
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NOMENCLATURE V, = Input Voltage of Piezoelectric Actuator
L, = Inductor of IEEE Resonance Circuit
! = Actuation Torque C, = Capacitor of IEEE Resonance Circuit
/ = Actuator Force R, = Resistor of IEEE Resonance Circuit
J = Mirror Moment of Inertia C, = Capacitor of Piezoelectric
! = Equivalent Length q = Electric Charge of Piezoelectric
o = FSM Mirror Angle T Time Constant of Low Pass Filter
K, = Stiffness of Piezoelectric Actuator
B, = Damping Coefficient of Piezoelectric Actuator
M, = Equivalent Inertia of Piezoelectric Actuator
K, = Stiffness of Flexible Hinge 1. M=
B, = Damping Coefficient of Flexible Hinge ) )
M, = Equivalent Inertia of Reflecting Mirror Fast Steering Mirror (FSM)& #o14 Wle] g2 A|ei7t 8
x, = Position of Piezoelectric Actuator =E I‘%i %;%if;o}:ﬂ}\i i]_%f]j; et }Ej]j]?ﬂ 79, %—:]j f =
x, = Position of Flexible Hinge AR 7hs gE&EoklM e Bt A& oA We &

]
TeE Rk 7 AksRzE MO, HadE 3, 97,

Copyright © The Korean Society for Precision Engineering

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.024.050&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

648 / August 2024

W] ot 4 4gel ute FSME o183 /150l A7)

39tk $F RoklAE AF ANE 79 deld B o

Hohoh HYL She BHOE AGEI om I, P

Polol it BolqE o) g8 27 A} A4 sl Alojol
[e)

FSM-2 Actuator, YA} A%, ®lo]2, Hinge
Joint2 TAE™ Hinge Joints FA4o2 27 BE—“:— 471 9]
Actuators 7538t WAL A8 A 24t A& vb
Al Yo AZ2E Aot} Actuator?] FFol Wl Voice
Coil Actuator (VCA) 7]%¥+8] FSM[7]3} Piezoelectric Actuator
(PZT) 7]4re] FSM[8]S.8 E-HE T} VCAZ]HH] FSM (VESM)
O wo Ix HE 22 S Q= Aol QAU e Fu

< o Tl T AT

T %] A7 ATt PZT71We] FSM (PFSM)% 223
o gl Zeo] FHE TR E HE7E AlSHA ] T o]
ATt

FSME 2A-% %2 ulk WS F2ZA1717] $J& Flexible
Hinge 7-%& AA7} Ad9]. 24-7= A W7UEL Ball
Joint2= A 782 7Fs3HAIRF Ball Jointe 2 vH& o &
of =2 Fo] 875 AFHA & /I VCAY PZTZ=
T59] A7} 2o} Flexible Jointe= ©]#3 GHES B3
T2E AL vk 543 hagh 2 AAVL FssiAle A
Sl=

3, FSMS 2 %H-E S8Eoke 544 AU Alojrt &
et A3= ohekstA 2

= 2 PID7|REe] A|ojo] x| Tk
[10,11] TH 8t 29l 7]uke] Ao wla2

2

Mo 2
o_>L
ofr

= mlo
N
o

n_,
>~
o=

o,
2
>
i
o

1 ¥5ol HATH13]. 598 =g 7]uke] A

< 7Igsh] SEixe BEe 5935t
£114,15191= FSM¢] 5938}
Alzgloz RARS sioinh T A
VESMo A& 2]-&0] 7}53}A] 4t PESMell
’d wiEel] A eatA eatt.

1# TEIAL A SR

(AU A R
Ay oo [ 0. flo
of
)
o
N o
W
2 o
-',J

(D 0]
g o fo
[

(&l
o
=

&
ifin}
1m rlo

—g

N

—

rr

£

R

i~ L

oot

2
>, %E

I
|
ot

>
rr
=0
N
- o
3

¢}
Bkl E‘?B_ 719k Aojol] HlAE EAE eld JEEE Ao
WHE A&kt 16].
E =FA= PZT 543 FSM9] Flexible Hinge Joints 32
128 598 mdS Actsint. Atd s98 mde

Ll

.

g
>~

E

Fig. 1 General structure of FSM

Z} 2l Hinge Joints 7|5=2=2 PZT 27H
of FatElo] vk ARt DCEHAY AFE
Aol at= VCAsa}f W R PZT= A4S Alojste] Piezod=t
o] dol& st Fte] 7 PZTS] Ao] xpolel <]3) Tip/
Tilt 2A4& "X Fig. 19 53 727} BAME Y] k. VFSM
oM AR VCAS] M FE Z4sk= W PFSMe PZT
of| Strain-gauges F2ste] 9X|7hS 4 gith

MBI AFE A A FSMS &A¥sle 725 Fds]
%13l Flexible Hinge 2% A A€t} Flexible Hinge= F 3|3
o TS T e F & VTR EYAA
FEE FSMe| 72t Aol S ZhtelA wEolEt olgfd 2
PESMe Rt =tghel Zlo] ofum VESM E3h o]d 722 5
Qt}. o] Flexible Hinge 72+ 2k T7x8 F 9 7178
%o}_%_,“:_ Z]—Z—]_Q_ 7].;<ix] " FSM 7]-1: xﬂo}g] -@l-ﬁ]
£ @2]lo|t}. Flexible Hinge 7371 23l Q&=
15| ”E‘ &t Aloje] g F2 ZFel e &
e 7] wEelth

E= A

|

{ o o n -
:(lﬂ:t

fijrt

ox Mo X @ o
2

oo
rr
e
)
N
=)
i
=2
é

o
=
o

= AAE
3 - Eﬂ-ﬂ*ﬁi Al &F mdo] 2853
F-2xw)-l ] 292 VESMol= A9 mdo]
7 = A otk ket PZT7E AAIF S A
28l Al _?_:EE] E4QS 7147 wjio|tt EalA] e
S Ao71E AANE 7BF dSFHA &
s 01:7]6}% = 17} e = Qvh e

_?l_[
R
offt
18
w2

0
3
=



August 2024 / 649

S —
xp Xn

Fig. 2 PFSM System model represented as two inertia system
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Fig. 4 FRF from piezoelectric input voltage to strain-gauge output

Fig. 5 Block diagram of the PFSM dynamic model
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