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Optimal positioning of reaction wheel assemblies of optical observation
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Abstract

This paper describes how to find out the optimum position of the reaction wheel assembly (RWA) to
minimize image quality degradation through the integrated system jitter prediction combining the
micro-vibration test with finite element analysis considering optical coefficients. Micro-vibration generated from
RWA that is widely used for satellite maneuver, is one of key factors that degrades the quality of satellite
image. Due to varying vibration characteristics of each RWA, its accommodation position may affect image
quality even though the same company manufactured them. To resolve this issue, an integrated system jitter
prediction is conducted with all possible RWA accommodation location, and finally we determine optimal

RWA position from the analysis results.
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Fig. 2 Flowchart for Jitter Calculation
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Table 2 Summary of Maximum Forces Under 500 M1 miror Optcal sonsiivity )
Nominal RPM Operation o Optical sensitviy '®
o, Fx Fy Fz Cx Cy Cz o e ‘Q{
N | ) | () | (Nm) | (Nm) | (Nm) 0\
Max Force @500 RPM (450~550RPM) M4 mirror Optical sensitivity &@
SN10001| 0.39 | 0.13| 2.10 | 0.03 | 0.04 | 0.00
SN10002| 0.38 | 0.15 | 2.29 [ 0.02 | 0.02] 0.00 e e Spes ey
SN10003| 0.53 | 0.18 | 3.61 | 0.03 | 0.03 | 0.00 Fig. 6 Frequency Transfer Functions from RWAs

SN10004| 0.34 | 0.13 | 3.15 | 0.05 | 0.05| 0.00 to Focal Plane

Table 3 Summary of Maximum Forces Under
-500 Nominal RPM Operation

Fx Fy Fz Cx Cy Cz
N) | AN) | (N) | (Nm) | (Nm) | (Nm)
Max Force @-500 RPM (-450~-550RPM)
SN10001| 0.32 | 0.14| 1.55 | 0.02 | 0.02 | 0.00
SN10002| 0.38| 0.15| 1.44| 0.02] 0.02 | 0.00
SN10003| 0.41 | 0.18 | 3.61 | 0.03 | 0.03 | 0.00
SN10004| 0.39 | 0.13 | 3.15 | 0.05 | 0.05 | 0.00

No.

Table 4 Summary of Maximum Forces Under
1000 Nominal RPM Operation

Fx Fy Fz Cx Cy Cz
MN) [ AN) | (N) | (Nm) | Nm) | (Nm)

Max Force @1000RPM (950~1050RPM)
SN10001| 0.64| 0.16 | 0.77 | 0.01| 0.01 | 0.00
SN10002| 0.94 | 0.24 | 0.66| 0.01 | 0.02 | 0.00
SN10003| 1.09 | 0.29| 0.47 | 0.02| 0.02 | 0.00
SN10004| 1.20| 0.21 | 0.36 | 0.00| 0.01 | 0.00

No.

Table 5 Summary of Maximum Forces Under
-1000 Nominal RPM Operation

Fx Fy Fz Cx Cy Cz
MN) [ AN) | (N) | (Nm) | (Nm) | (Nm)
Max Force @-1000RPM (-950~-1050RPM)
SN10001| 0.81 | 0.20| 1.36 | 0.00 | 0.01 | 0.00
SN10002| 0.94| 0.24 | 0.66| 0.01| 0.02| 0.00
SN10003| 1.09 | 0.22 | 1.46 | 0.01 | 0.02| 0.00
SN10004| 1.20| 0.21 | 0.55| 0.00 | 0.01| 0.00

No.

Fig. 7 Finite Element Model of CAS500-1 for
Modal Test
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Fig. 8 Finite Element Model of CAS500-1 for Jitter
Prediction
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Fig. 9 Optical Components of CAS500-1

Table 6 Unitary Check of Optical Coefficients of

Payload
LOS_RX LOS_RY
T variation (rad) variation (rad) H] a1
Ay | =w | A% | =%
1
}“}2“ ~14F-13 0 2359 0 up
1mm
QAR 1=
Ty 3889 0 84E-13 0 Pl
1
,}“Zm 96E-13 0 29E-10 0 s
1”1_\};?(1 974 | 1E-3 | 1%E6 0 =
1
%ad 02613 0 1083 | 1E-3 | w=
lng’zad 2065 0 L5R7 0 =
3. M Zxf

kM A3 500RPM, 1000RPMolAe] &4 A2
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Table 7 Load Case Summary for Each RPM Speed

Table 8 Jitter Analysis Results of CAS500-1

Case i

o [0 [ [ | [T [en T oo [ooomm|_ess
1 | SN1000I | SN10002 | SN10003 | SN10004 1 00231 | 00165 | 00286
2 | SN10001 | SN10002 | SN10004 | SN10003 5 50193 T 00150 1 00250
3 | SN10001 | SN10003 | SN10002 | SN10004 5 ' ' '

4 | SN10001 | SN10003 | SN10004 | SN10002 0.0220 | 0.0162 | 0.0273
5 | SN10001 | SN10004 | SN10002 | SN10003 4 0.0197 0.0161 0.0255
6 | SN10001 | SN10004 | SN10003 | SN10002 5 0.0181 | 0.0154 | 0.0238
7 | SN10002 | SN10001 | SN10003 | SN10004 6 0.0202 | 0.0160 | 0.0257
8 | SN10002 | SN10001 | SN10004 | SN10003 7 0.0251 0.0158 0.0296
9 [ SN10002 | SN10003 | SN10001 | SN10004 8 0.0213 0.0152 0.0262
10 | SN10002 | SN10003 | SN10004 | SN10001 9 0.0219 | 0.0159 | 0.0271
11 | SN10002 | SN10004 | SN10001 | SN10003 }(1) 8'8?28 8'812; 8'8%2
12 | SN10002 | SN10004 | SN10003 | SN10001 12 Sooss T oo 0055
13 | SN10003 | SN10001 | SN10002 | SN10004 13 00214 T 00156 T 0.0290
14 | SN10003 | SN10001 | SN10004 | SN10002 ” 0.0224 T 00155 1 0.0272
15 SN10003 | SN10002 | SN10001 | SN10004 15 0.0226 0.0160 0.0277
16 | SN10003 | SN1000Z2 | SN10004 | SN10001 16 0.0231 0.0162 0.0283
17 | SN10003 | SN10004 | SN10001 | SN10002 17 0.0192 | 0.0155 | 0.0247
18 | SN10003 | SN10004 | SN10002 | SN10001 18 0.0221 | 0.0157 | 0.0272
19 | SN10004 | SN10001 | SN10002 | SN10003 19 0.0212 | 0.0155 | 0.0262
20 | SN10004 | SN10001 | SN10003 | SN10002 20 0.0229 0.0160 0.0280
21 | SN10004 | SN10002 | SN10001 | SN10003 21 0.0190 | 0.0160 | 0.0248
22 | SN10004 | SN10002 | SN10003 | SN10001 22 0.0236 | 0.0167 | 0.0290
93 | SN10004 | SN10003 | SN10001 | SN10002 ;z 0054 8‘8&3‘; 8'812}1 8'82%
24 | SN10004 | SN10003 | SN10002 | SN10001 5 So2ii T o017 T 60300
25 | SN10001 | SN10002 | SN10003 | SN10004 56 00227 T 00154 T 00272
26 | SN10001 | SN10002 | SN10004 | SN10003 7 00256 T 00158 1 00300
27 SN10001 | SN10003 | SN10002 | SN10004 28 0.0235 0.0154 0.0281
28 | SN10001 | SN10003 | SN10004 | SN10002 29 0.0217 0.0154 0.0265
29 | SN10001 | SN10004 | SN10002 | SN10003 30 0.0208 | 0.0175 | 0.0271
30 | SN10001 | SN10004 | SN10003 | SN10002 31 0.0218 | 0.0176 | 0.0280
31 | SN10002 | SN10001 | SN10003 | SN10004 32 0.0203 | 0.0151 | 0.0253
32 | SN10002 | SN10001 | SN10004 | SN10003 33 0.0256 0.0161 0.0303
33 | SN10002 | SN10003 | SN10001 | SN10004 34 0.0210 | 0.0153 | 0.0260
34 | SN10002 | SN10003 | SN10004 | SN10001 35 0.0217 | 0.0157 | 0.0268
35 | SN10002 | SN10004 | SN10001 | SN10003 gg 8:8;3 8:8%‘; 8:825?
36 | SN10002 | SN10004 | SN10003 | SN10001 T 50191 T 00163 T 0.0253
37 | SN10003 | SN10001 | SN10002 | SN10004 39 0.0042 1 00172 1 00297
38 | SN10003 | SN10001 | SN10004 | SN10002 10 00192 T 00165 | 00253
39 | SN10003 | SN10002 | SN10001 | SN10004 41 0.0209 0.0169 0.0268
40 | SN10003 | SN10002 | SN10004 | SN10001 492 0.0179 0.0165 0.0244
41 | SN10003 | SN10004 | SN10001 | SN10002 43 0.0201 | 0.0154 | 0.0253
42 | SN10003 | SN10004 | SN10002 | SN10001 44 0.0192 | 0.0175 | 0.0260
43 | SN10004 | SN10001 | SN10002 | SN10003 45 0.0226 | 0.0160 | 0.0277
44 | SN10004 | SN10001 | SN10003 | SN10002 46 0.0190 0.0177 0.0259
45 | SN10004 | SN10002 | SN10001 | SN10003 A7 0.0234 | 0.0160 | 0.0284
46 | SN10004 | SN10002Z | SN10003 | SN10001 48 0.0208 | 0.0156 | 0.0260
47 | SN10004 | SN10003 | SN10001 | SN10002

48 | SN10004 | SN10003 | SN10002 | SN10001
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