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Abstract: The key design of off-axial Three-mirror Anastigmat(TMA) systems was summarized, and
an improved design of the off-axial TMA optical systems was proposed with a new optical structure.
By taking two designed systems for examples, the optical elements of the TMA system were reasona-
bly arranged, the secondary mirror was designed as a spherical surface, and the primary and the third
mirrors were optimized with high-order aspheric coefficients. Obtained results show that the Modula-
tion Transform Function(MTF) curve of the designed system approaches to the optical diffraction lim-
it with an improved value of 0. 6 at the spatial frequency of 50 pl/mm. Compared with the common
off-axial TMA optical system, the Strehl ratio can be increased from 0. 91 to 0. 93. The surface toler-
ance is relaxed from A/50 to A/40, and the assembling tolerances of the primary mirror, second mirror
and the third mirror can be relaxed by a factor of 4. The improved design makes the manufacture and
assembly of the off-axial TMA optical system much easier, and helps the system to achieve excellent
performance in the level of optical diffraction limit. These are beneficial to the popularization of off-

axial TMA optical systems.

:2011-04-19; :2011-05-10.
(No. 20100524)



2838 19

Key words: space borne remote sensor;optics design; off-axial Three-mirror Anastigmat(TMA) sys-

tem;optical manufacture;optical assembling

1
2
[1]
[2-4] ’
(Three-mirror Anastigmat, TMA) ) X
’ N Ha
GSD=—7 , (D
. f
, i :GSD s H i f
N ’ sa °
TMA . , F#
[9] s
, , P=2.441F%, (2
F* s
057 , F*=(/D, (3)
; . D o
o ’ 2&) ’
SiC ,  SiC Hindle H , Q €Y)
., Hindle , Q=2XHXtan w , (€Y
., Hindle :Q ' .
o ) a ¢
8] ol
) a=1(0.7~0.8)¢ . (5
) , 3° o
3 s



12 : 2839

1 000 km, 5 .

m, 10 pm, 268 km, 0
5 ,
2 000 mm, 1/8, 17°, ki Ry ,
4.5% TDI ’ .
CCD ky ks s
3 ’ °

[11-12] ,

1 .

s s 8 (3

) . (Sy)
. 1
, Sy :
Fig.1 Schematic diagram of optical system
’ SI\‘ SI\‘
) 3 F1aTy 973
: Si . ’ 3
1/ri+1/r,=1/r,. (6) ’
N 3 s °
N 3
s o 4
’ ) , 7 , f =2 000 m,
[13-14] D/f'=1/8., 17°, 4.5°%,
) , (O.5~0.7/¢m),
) 10 pm TDI CCD,
. , 1 1 o
1 1

Tab.1 Parameters for optical system 1

R/mm d/mm k 6™) 8™
—4 335. 30 —1 148. 00 SiC —1.72 1.60X 107" —3.49X10° %

Stop —1 388. 60 1 148. 00 SiC 0
—2 006. 60 —1437. 34 SiC 0.17 —1.59X10 " 1.98x10

infinity
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Tab. 2 Parameters for optical system 2
R/mm d/mm k 4™y 6™
. [ . —12 —2
—4 394. 98 —1 275.00 SiC 0 1.96 X107 4,76X107%
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Fig. 3 Performance charts of off-axis system 2
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Tab. 3

Optical element machining

tolerance of two TMA systems

rms
AR(mm) Ak

A=632. 8 nm

1 +4.5 0.008 2A/40( )
2 +2.0 0.003 1/40( )
+2.5 0.001 A/50¢( )

1 +0.7 - A/45( )
2 +1.2 —  A/45¢ )
+1.0 0.002 A/50¢( )

1 +1.2 0.001 a/40( )
2 +0.7 0.000 6 1/40( )
+1.0 0. 000 3 A/50¢( )

4 5
100%
2

SECO-207 VY 211.7MX
CONFIGURA f ONT OF

30,000

0.01~0.03
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Tab. 4 Optical element assembling

tolerance of two TMA systems

1 2
X 0.1 0.1 0. 05
Y 0.1 0.1 0.05
Z 1.5 2.5 0.20
X /(M 10 10 6
Y /(" 10 10 6
Z /(" 20 50 6
X 0.20  0.10 0.05
Y 0.20 0.10 0.05
Z 1.5 1.1 0. 20
X /(" 10 10
Y /(" 10 10 8
X 0.1 0.2 0.05
Y 0.10  0.20 05
Z 1.5 1.4 0.20
X /(" 10 15 6
Y /(" 10 15 6
Z /(" 15 20 8
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Fig.4 Tolerance & MTF charts of TMA system 1
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