% 43 £ % 9 I A =B i i 4 2014 49 A
Vol.43 No.9 Infrared and Laser Engineering Sep.2014

TMA = BBV R E N SRS 5 i
KEAH EEE
(PEAHFRREALFHBEIRE HEFRAT, 4 K& 130033)

O OE. RFARAREG LR TN KA R ARG AT, HAA R MR E T R R AR A
KA TMA = R AA AR 4 i A2 Fo L LR AL BT & A A B L BAIRS, AA R koW M pile &
NE BBERTHBIN ARSI @, A AF RG R E, ST R T T
Wi RAERESFTEOEAOCRT &R &L & T H)F 2054 R R BARSEMN X, RGRBE 2T
A M4 T~N12.4 Z 08, A TARA ML AR 2 o RIELS MR LRSS —5, & KRETFH
% £ LE H-0.0126A~0.003 1A, &K K #5132 £ 4 -0.0230; £ RERETOE RSN RARL
0.21 VA £, A5 FEAL D T -4.8% ., % F A A AT ISk R G m LA T B3 00 T8, B A Bl KA
% TMA = R AAHLE 4] P 38 F3800T o 8B ¥ il i 2R &6 oA feml X, 5090 KALY% TMA
=R AAAUE A BT AL T G R AR

E4EiR : TMA ZRAAHL;  mARMRE; M, 247 WX

HmE 4SS TP706; V4471 XHFREL: A XEHE: 1007-2276(2014)09-2996—09

Analysis and testing on imaging-performance stability of TMA

space camera at various states
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Abstract: Stability of wavefront aberration (WFA) has great impacts on imaging quality of space camera,
which is a major performance index for those. With regard to possible gravity orientation and temperature
range of space camera in manufacture and orbit, the mirror’s tolerances and profile errors were calculated
through FEA, and WFA was calculated by optical software using those. By simulating multi-orientation
gravity states and adjusting environment temperature 20+4° in laboratory, WFA of the space camera was
measured and tested, the average result changed from A/14.7 to A/12.4 at all states, the worst was
A/11 for single field. The testing data was nearly in accord with the calculate value, the mean range
were —0.012 6A-0.003 1A, the max difference error was —0.023A. Moreover, the MTF to was tested
validate the system stability, the result achieved 0.21, there were only 4.8% errors at choosing states. The

method can be used to inspect and confirm the imaging performance stability, which has been used in
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wide-field TMA space camera, guiding design and finding week point, through analysis and testing, the

data well illustrated the performance stability at all states.
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Fig.1 Optical system of wide field TMA space camera
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Tab.1 Pupil WFA of TMA optical system(A)
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Fig.2 Mirror dimension stability of FEA
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Tab.2 Analysis data of mirror dimension stability(displacement unit: pum,angle unit: ("))

Index  —Y(three point) —Y(hanging) +Z(down) —Z(up) —4° -2° +2° +4°
PM/Z 200 19.92 0.27 4.27 —4.42 39.86 19.93 -11.72 -23.43
PM/X 50 -10.01 -0.13 0.04 0.34 5.41 2.705 -2.37 -4.74
PM/Y 75 -14.37 —-6.50 0.62 -0.61 -48.75 -24.38 11.32 22.64
PM/a 10 -6.49 -1.49 -0.11 0.08 5.03 2.515 -5.98 -11.95
PM/B 10 2.58 0.0 0.01 -0.01 -1.58 -0.79 0.68 1.36
SM/zZ 100 15.83 0.71 3.44 -3.48 -9.08 —4.54 11.13 22.26
SM/X 75 0.57 -0.02 0.73 0.42 0.74 0.37 -0.36 -0.72
Tolerances ~ SM/Y 75 -30.01 -10.48 -0.04 -0.72 -35.01 -17.51 1.33 2.66
SM/a 15 —4.40 -1.39 3.49 -3.51 -6.08 -3.04 1.145 2.29
SM/B 15 2.54 -0.01 0.02 -0.02 -1.63 -0.815 0.655 1.31
T™/Z 150 11.01 -0.05 4.62 -4.78 39.74 19.87 -15.13 -30.25
TM/X 50 -9.81 -0.12 0.03 0.35 5.37 2.685 -2.355 -4.71
T™/Y 50 -14.54 -6.76 0.55 -0.49 -34.18 -17.09 4.15 8.3
™/« 10 -6.32 -1.64 0.41 -0.43 -7 -3.5 0.345 0.69
T™/B 10 2.59 0 0 0 -1.54 -0.77 0.655 1.31
PM A/50 A51.7 A/51.6 A/54.1 A/50 A42.1 A/45.3 A/49.6 A/51.5
RMS SM M50 A/422 A/398 A/200 A/201 A/59.6 A107 A95.3 A/58.5
™ M50 A62.3 ANTT.7 ATT.5 MT7.4 A62.8 A/59.8 A 64 A/56.9
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Tab.3 Analysis data of system performance stability WFA, (\)

—Y(three point) —Y(hanging) +Z(down) —Z(up) —4° -2° +2° +4° Max diff

-1 field 0.066 0.066 0.067 0.067 0.077 0.068 0.064 0.075 -0.013

—0.7 field 0.077 0.076 0.076 0.076 0.058 0.064 0.084 0.088 —-0.030

—-0.5 field 0.063 0.062 0.062 0.062 0.052 0.051 0.068 0.080 —-0.029

RMS 0 field 0.057 0.057 0.057 0.057 0.056 0.054 0.057 0.062 —-0.008
+0.5 field 0.068 0.067 0.067 0.067 0.050 0.056 0.074 0.087 —-0.037

+0.7 field 0.078 0.075 0.076 0.076 0.058 0.064 0.085 0.089 —-0.031

+1 field 0.069 0.068 0.069 0.069 0.076 0.065 0.073 0.085 —-0.020

States average 0.068 3 0.067 3 0.067 7 0.0677 0.0610 0.0602 0.0721 0.080 8 -
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Fig.4 Schematic diagram of multi-orientation measurement
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Fig.5 Scene of multi-orientation gravity test
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Tab.4 Measure data of system performance stability WFA; (A)

—Y(three point) —Y(hanging) +Z(down) —Z(up) —4° -2° +2° +4° Max diff
-1 field 0.071 0.089 0.080 0.079 0.086 0.076 0.079 0.088 -0.018
—0.7 field 0.070 0.085 0.079 0.077 0.077 0.075 0.078 0.081 -0.015
—0.5 field 0.068 0.079 0.058 0.073 0.074 0.067 0.069 0.070 -0.021
RMS 0 field 0.059 0.069 0.057 0.062 0.064 0.063 0.064 0.067 -0.012
+0.5 field 0.068 0.064 0.079 0.076 0.068 0.072 0.071 0.069 -0.015
+0.7 field 0.068 0.083 0.071 0.072 0.067 0.064 0.065 0.078 -0.019
+1 field 0.072 0.082 0.080 0.077 0.079 0.071 0.078 0.091 -0.020
States average 0.068 0 0.0787 0.0720 0.0737 0.0735 0.06097 0.0720 0.0777 -
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Tab.5 System performance stability comparison between FEA and measurement (A)

—Y(three point) —Y(hanging) +Z(down) —Z(up) —4° -2° +2° +4° Max diff

-1 field —-0.005 —-0.023 -0.013 -0.012  -0.009 -0.008 -0.015 -0.013  -0.012

—0.7 field +0.007 —-0.009 -0.003 -0.001  -0.019 -0.011  +0.006  +0.007  —-0.003

—-0.5 field —-0.005 -0.017 +0.004 -0.011 -0.022 -0.016 -0.001 +0.010  -0.007

RMS 0 field —-0.002 -0.012 0 -0.005 -0.008 -0.009 -0.007 -0.005  —0.006
+0.5 field 0 +0.003 -0.012 -0.009 -0.018 -0.016  +0.003  +0.018  —0.004

+0.7 field +0.010 -0.008 +0.005 +0.004  -0.009 0 +0.020  +0.011 +0.004

+1 field -0.003 -0.014 -0.011 -0.008 -0.003 -0.006 -0.005 -0.006  —0.007

States average +0.000 3 -0.0114 -0.0043 -0.006 -0.0126 -0.0094 +0.0001 +0.003 1 -
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Tab.6 Relation between WFA and descending MTF

Field —Y(Fhree WFA,.. ATF., ATF,. MTF. AMTF
point)

-1 0.071 0.089  0.863  0.785  0.431 -0.034
-0.7 0.070  0.085 0.867  0.804  0.452 -0.028
-0.5 0.068  0.079  0.875  0.831 0.467  -0.020

0 0.059  0.069  0.906  0.871 0.472  -0.016
+0.5 0.068  0.079  0.875  0.831 0.463  -0.020
+0.7 0.068  0.083  0.875  0.813 0.448  -0.027

+1 0.072 0.091 0.860  0.776  0.423 -0.035

B AR 22 N AAT AR E] AT, FE LS A
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Fig.7 Picture of MTF measurement
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Tab.7 MTF data of system performance stability

. . Mean Mean
States —1 field O field +1 field CTF MTE
(1) —=Y(three point) 0.276 0.286 0.278  0.279  0.219
(2) —Y(three point) 0.270 0.280 0.273  0.278  0.218
(3) —Z(up) 0.265 0.280 0.272  0.275  0.216
1) -Y 16° 0.269 0.281 0.268 0.272  0.213
(hang- 20° 0.268 0.279 0.264 0.270  0.212
ing) 24° 0.264 0.278 0.265 0.268  0.210
Max change -0.012 -0.010 -0.014 -0.012 -0.010
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fi] 3l 4% A T IE ) 5 (3) AN]SR TR X A
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A AN IR 25 — 25 (4) & g8 b B B 4 A R 2 X
JEAG A BE B R W R T AL R 22, e A i
IR (5) X Tk L ek A F 0.42 1 R 48 I
R G WAZ 223K 5 ML, AT 52 B AN A AL 2 1% bR
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B AR Ty %, AR B AR P T A [ A AL AE BN
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TRV BORS BE RT SRR R E MR LT B, Tk
i B S5 A7, (] 35, BRAE MU AR . 2 B R AL
Y TMA 75 [a] AL SE PR W 4l o, 98 5 07 427 Bk 1
st MPLEE s 1T, IR R ELR .
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