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Design and Analysis of A TMA Telescope for Next
Generation Earth Observation Satellite
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Three mirror anastigmatic (TMA) telescope provides a better solution to meet the requirements of high resolution
and wide swath, it has become one of candidate to be next generation observation payload for satellite. This article
reports on design, analysis, assembly and implementation of a TMA telescope for next earth observation satellite.
A straightforward approach is presented that integrated finite element method and Zernike polynomials fitting
techniques is found to successfully predict optical performance. Furthermore, an optomechanical structure of TMA
optical system was configured which is implemented to verify the present.
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(AR & RIS~ s St 2 e AT P e RS/ N
B2 TR WZ M 2 HE R AR R A 2
HOCERMATRRET » TN - MRS = Eedr St
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TS Diff. Limit
TS 0.5000, 0.6000 (deg)
|TS 0. 5000 0. 6000 (deg)

TS 0.5000, 0.4500 (deg)
TS -0.5000, 0.4500 (deg)
TS 0.0000, 0.5250 (deg)
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PGB - SR SRR E LR E &
'& (carbon fiber reinforced plastics, CFRP) » =5 (H
R FBGHE B I A5 2 5% Quasi-isotropic [0/445/-45/90] »
E8R FroE ST (bipod flexure) HIER A & mfE
KRB ARAY NG5 SUS316 #'8 » HIR B IR
MeBsash - HHHRDUREASTE TREEIRHE G &
Al7075-T6 P& » HRECHIF BRI IR A S A H
HE -
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S BRI R =T R - I
ALY < BRG A  EIRERSAL - BERUGET 2/ T
FUP A IRITRER (A0 3(b) A7) > AIRIT
R BRI LA 20 (HEGRL 6 {HEAY=/ETLHE
TLRIEREES T - F—EEEE=EEHE - 5l
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I AR LR YA BE B = A 88 - R BUE AT
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e S 225 FE T SIS 0y » A R T 1 PR i v e 1 b £
TR o 1T R W e R N AR R - DU N ER
PSR B R R RS LB TROK - R HIRTE
A2 T3 R 15 2 & B sl SRR - B/
$2A8 H-method SE{THBMEIHT - AR ERRE I fE Al SR

78 FHEFAN 208 H7 105.9

(b) YEHHEIBBRITRIZE

ZIETEME - B E SRS T FR T 32 R A I o i
IRy 311,467 {HERES - BEAFRTREINZEE R
139.17 kg » HEHLF (0,0.012,0.134 m) °
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HIEE | ¢ BB IBE(LER - HEEHE
FERTFEN » SeMHE I A AL 3% AR AR B S PR
B ARG RE IR S AL s s » K
BB Ry 19.70 um - [B 5 F7 Ry Korsch MRS S
JETI BT - IR TBRERIS A » &K
HERET TR SR SRR - R KERUE
JIE Ry 7.54 MPa » JE/ NIRRT E Z BER5EE 505
MPa -
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K — i FORATE R R AR B SR BRI -
Fo[EPEIRENEAERATR B RN - SGE HIBHEO RS
FEENRE S HTE ] Block Lanczos i » 5B #E 58
SRR (AR - (RIZMI R E SN H R - —
M AN EE B - OTREESOE LB R R E
FfRE (free model) » AT & FURF & 758 5 2R
PR BTN HIIRRE - f AT A R o e SR o
ITHEERRE - SREEEL () (fixed model) 2 FHY 7347
R o FEHTHE BT  Korsch JEt a5 — P&
IR A TE 121 Hz - TERERE & I BNER Y 1 6
At asaT L o W 0 2 — b FERAA R B AR R R
WSR3 A e 2 R RRR AP I 38 2E
FER B P e S G e - B0 R AR iERE (A0
6 FIT7R) °

% 1. &R4t55H A

YW £ % Zernike Z AR SR H -

3. BREifgES R

7 A ks Korsch SERéASHCEiER 1 ¢ &=
JI5F - RS SEF HERPLEREIE R - M
7 1 AR Zernike ZIENEE S (RB NG EK
AN e FEEE TS REE 0 ERA B G E T
By Coma ~ Tetrafoil ~ Pentafoil %55 {% 7% * Peak to
Valley (P-V) {E#)5 0.165 1 (A = 0.6328mm) * Root
Mean Square (R.M.S) {E# % 0.019 4 3 KEgH K2
%722k Coma * P-V {HA R 0.041 1 (1 = 0.6328
mm) » RM.S {EHE 0.007 1 ; SHEF 2 EE
%Ry Focus » Astigmatism ~ Trefoil * P-V {H¥ 5
0.063 2 (2 = 0.6328 mm) * RM.S {H#JE 0.017 1 °
SR E R P IR (B 2 BT -

Wave number
Order Zernike Radial (n) and . . P-V R.M.S
Terms polynomials Circumfger)ential (CozsiteEi: AR (703 ) )
(m)
Primary mirror (M1)
8 (Br'=2r)sin | n=3,m=1 -0.032 Coma-Y
17 r'cos46 n=4,m=4 -0.021 Tetrafoil-X 0.165 0.019
27 r’cos50 n=5m=5 —0.020 Pentafoil-Y
Secondary mirror (M2)
8 | 3r-20)sind | n=3,m=1 0022 | Coma-Y 0.041 0.007
Tertiary mirror (M3)
4 -1 n=2,m=0 0.018 Focus
12 (4r*=3r") cos20| n=4,m=-2 0.014 Astigmatism-X 0.063 0.017
11 r’sin36 n=3,m=3 -0.014 Trefoil-Y
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8 Ffr7 s Korschn SEirtie v & B E /155
Z MTF {LiFE - M EXREHmE TS FTES
1) Zernike ZIHALAEL > fUA Code-V SEERHEE
FtE - OFTEERH MTF Finskat i@ Pk =

5o fRE R R BR HOEE RAEE EE R R
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ENERAR#EE - X5 A MTF ERHMEH 75 A
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S AR 45 -

R0 BRAMBA B

Rigid body motion Primary mirror (M1) Secondary mirror (M2) Tertiary mirror (M3)
Tx (mm) 6.694e-008 —-8.521e-006 —-1.954e-007
Ty (mm) 2.855e-005 7.303e-005 1.068e-004
Tz (mm) -3.542e-005 —4.946e-005 —1.843e-004
Rx{(zadl —2.569e-006 —1.863e-005 —2.090e-005

' (-1.472e-004 deg) (-1.067e-003 deg) (-1.197e-003 deg)
Ry (e 6.012e-009 -2.174e-006 —7.682e-008

y ' (3.445e-007 deg) (-1.245e-004 deg) (-4.401e-006 deg)
Rz (rad) 8.604e-011 —1.756e-009 4.290e-009

(4.930e-009 deg) (-1.006e-007 deg) (2.458e-007 deg)

TS Diff. Limit
TS 0.5000, 0.6000 (deg)
||TS -0.5000, 0.6000 (deg)

TS 0.5000, 0.4500 (deg)
TS -0.5000, 0.4500 (deg)
TS 0.0000, 0.5250 (deg)

1.0 T T T
L
|_
o
(]
=
©
[2]
>
=]
O
@]
= 0.3
0.2 4
0.1F -
0.0 | | | 1 1 1 | | 1
0 6.7 134 20.1 26.8 33.5 40.2 46.9 53.6 60.3 67
Spatial Frequency in cycles per mm
8. A5 A SR H kR B AL

5. faE £

Korsch JEREHE I 2 LB IR B - EZ Ak

EHICRIMEE - TERITCRHHLEE » ZHRICRITH

EHDEE R AR B E

RS AT E
BAZERE 5 IR PGB AMETTFERR I AE FPA JE B BLER
# - f0[E 9 AT~k Korsch SEE2RAT & IR

8 ITERCRMIMAEE ~ FPA RHEEFH - (8RR
FHEESE R TR » PR T BERE RS 7 SR i S B A
TR o 7T B Y 8 A el S5 0 L 266 B R S ] T e
=R BEREE R =XITE NG (coordinate
measuring machine, CMM) 1T EEIEFEE - K X
FiFOLERE AR AR ERR | BT EX
O 5 1) PR B+ S0 R TR R L B R R
T 5 5B R R PR T8 (interferometer) -
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Interferometer

A/IC F
Flat M1 Pin hole
- M3
M M | M2 M
G G L ___d__E,_._-’;—
S S § °
E E E
#3 l #2 #1
| M4 M5
L] J CMM Table
Top View
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R ELE S 3AF o A6REE AR AR IR
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EBES RGN E R RERERHAE

TGS BOEERM G ER R RS

(ERE =l el 2% P [T et i wan I = 3PN
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1. FFREOEE ST TAS SR BT » BEEH =0 Korsch YEBEAS
R ANEHERPER 19.70 um » FAEERER
THEIRE - R RNERESER R 7.54 MPa » &
IR E A17075-T6 2 [ R58E 505 MPa ©

2. BREHITE TGRS - BEEI =0 Korsch JEBEfS
B — B ARIER S AEAE 121.55 Hz > (£508E
BN E SRR AT I - e S BE — R L IR A
L R TS RM RSN L - B
FH 3 e 2 IR RE IR T HI 38 AR TR 2R 80 B e H S 18
e - W EE R -

3. JEBI T A R BER - BfEfl = Korsch s
o g R E G > EHAOLEGET
BBy Coma ~ Tetrafoil » Pentafoil &S {&E A -
P-V {H#7k 0.165 4 (A = 0.632 mm) * R.M.S {HFJ
R 0.019 A 5 KE FrotE 872 £ %5 Coma » P-V
BTk 0.041 4 ~ RM.S {H#TEs 0.007 4 5 BB

HERG = B Focus  Astigmatism ~ Trefoil
P-V {H#75 0.063 1 ~ RM.S {EHF IR 0.017 4 ° ¢
ELAKAE N LR R R TR A 2 MTF (E %
{EARK - HFEZ R AR K MTF B G RFEE#
B4 Zi5E MTF {ERAEE 3T 7.4% —
11.0% Z[E »

4SS RE TSR] - F S R ESR AR
BE  REFXRRMAEE - BRRAHAMEE « 78R
RARHAHLE « FPA RHESHRIK - RS RBHAHEETE

10. Korsch MM 2R~ & H -
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TERAE AR BRI SRR
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B » e S BOETT IR FPA BB B
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5. R AT $H S Korsch S B fE R E 17 HH AR 48 1L 3%
BT o O = R R A B R P SR L Bk A
HRE R - EHE M I A (bipod
flexure) PR E 34T ~ 8 2 B IR B B S5
i LU RS A B BT B R &
BRI T RS A -
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