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Abstract

For Earth observation, a small satellite camera has relatively weak structural stability compared to
medium-sized satellite, resulting in misalignment of optical components due to severe launching and space
environments. These alignment errors can deteriorate the optical performance of satellite cameras. In this
study, we proposed a 3-axis focus mechanism to compensate misalignment in a small satellite camera. This
mechanism consists of three piezo-electric actuators to perform x-axis and y-axis tilt with de-space
compensation. Design requirements for the focus mechanism were derived from the design of the
Schmidt-Cassegrain target optical system. To compensate the misalignment of the secondary mirror (M2), the
focus mechanism was installed just behind the M2 to control the 3-axis movement of M2. In this case,
flexure design with Box-Behnken test plan was used to minimize optical degradation due to wave front error.
The wave front error was analyzed using ANSYS. The fabricated focus mechanism demonstrated excellent
servo performance in experiments with PID servo control.
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Schmidt Plate Primary Mirror
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Fig. 1 Schmidt-Cassegrain Type Satellite Camera
with Focus Mechanism

Table 1 Requirements of the Target Optical System

C Apert
amera Per ure EFL* o MTE"
Type Diameter
= 30 %
Schmidt- 1969 )
| 200 mm 10.0 Optical
Cassegrain mm
Design

xEffective Focal Length **Modulation Transfer Function

Table 2 Design Requirements of Focus Mechanism

Height| Tilt Range Tilt De-space | De—space
Limit (x, v) |Resolution| Range |Resolution

60 mm| £+ 200prad 5 prad  |£30 um 0.5 um
B ATolA Asta 3% TAs AAURS B
N2 439 ¢d A5AE gL, A 457
Lo gl BB olgat BEARA A AR
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Table 3 Specifications of the NAC2123-H22

R o e
0-200 V | 3560 N 1079 22 mm
N/um
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Piezo Actuator
(NAC2123-H22)

Base Plate
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Fig. 2 3-axis Focus Mechanism Assembly

3] AE717h BAF Fe) WMAS BAAIE €~



A,
°
[>
rlj
o
0;1);‘4
Ol
o
H

N
v
[N
2
>

y-% 9E)3 FAAE] o] WAl o
= olge o] Ww WAAE of

ax; +by, +cz;+d=0 (i=1,2,3)

A9 A (DA 2y, 2z,
Hejo]an (1’1’

2}7}e)

w), (@y, yy), (@3, yg)

o
Zyis

SRR
EA

Zol WAE 2 A 570§ ok,

b zec 1
S L

a= (2)
Ty Ty Iy
To—T (212, —Ta2, )
_ 3701 \Ig3 T35 (3)
L3y —T1Y3 L3y — T1Y3
Ty — Ty Ty — Xy
Tolfy — XYy  Talfy — T(Y-
! 1Y2 391 193 4)
o2y —XTqZg  XgZ]— T12g
Loy — 1Yo T3y — T1Ys
z; T2yt 2
De-space= %23 (5
el A 2-olA (a b, OF BHel 7<) WA
Hejeld. i 45719 A4 gES st WA
W} vavo] s Ak 4 (2-5)3 o] 4o
A fE8 WA WEe x-%, y-F9 714 HS
GHstel WE 6, 0,8 T 5 AT
;-::|a||b |cos€ (6-a)
neb =la (6-b)
ne b
0, = cos 1(=%— (7-a)
|n b,
neb,
0 —«»ﬂ—) (7-b)

9ol 4 (6, DA n= 4 (2~4)o] »

—

SRR

A '%:]__Zl‘% H‘]’

o 457 W

iy

1Hgs v aHE %
s7]¢] W= Table 401] LHER 21Tt

START

Define De-space |

Calculate Plane |
Equation

Get Normal Vector

v
Inner Product
Mormal Vector and
Basis Vector

¥
Calculate 8,, 8,

¥
Print 6,, 8, and
De-space

END
Fig. 3 Flowchart for Tilt and De-space

Table 4 Actuator Displacements Required for
Assigned Tilts

x-Tilt| y=Tilt | Act.” #1 | Act.” #2 | Act.” #3
(urad)| (rad) | (um) (um) (nm)
1 0 100 -1 -1 2
2 0 200 -2 -2 4
3| 100 0 1.7 -1.7 0
4 | 200 0 3.5 -3.5 0
51 100 100 0.7 -2.7 2
6| 200 200 1.5 -5.5 4
*Actuator
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Removed Rigid Body: RMS error 1.39275 nm
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Fig. 6 Results of Wavefront Error Analysis
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