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Balloon-Borne VLBI Reflector Structural Design Considering Failure of
Sub-Reflector Adjustment Mechanism Using Multiobjective Optimization

N NI S GO S S /AN SR S NI = e
Nozomu KoGiso, Ryo KobamA, Kimihiro KIMURA, Yasutaka 8Tou,
+ B OB O R*em & S
Akihiro Dol and Hiroaki TANAKA

Key Words : Balloon-Borne VLBI, Trade-off Analysis, Robustness, Multiobjective Optimization, Structural Design, Optics

Abstract: The balloon-borne VLBI (very long baseline interferometry) is a radio telescope for space observation from the strato-
sphere in the submillimeter wave band. The primary reflector has an aperture of 3 m in diameter whose degradation of aperture
efficiency is required to be less than 17 % under the deformation due to variations of elevation angle and temperature during obser-
vation. In order to alleviate the deterioration of the aperture efficiency, the sub-reflector is equipped with a focal position adjustment
mechanism. However, the adjustment mechanism may fail during observation, so that the focal position will be fixed at the prescribed
position. This study evaluates the effect of the adjustment mechanism failure on the aperture efficiency through multiobjective opti-
mization approach. The design problem has thirteen objective functions that correspond to the nominal observation condition and the
other six conditions considering elevation angles and temperatures with normal and failure cases of the adjustment mechanism. The
design problem is solved using the satisficing trade-off method (STOM). As STOM can obtain the single Pareto solution corresponding
to the user’s preference for each objective function by introducing an aspiration level, the trade-off analysis is easily performed.
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HOR BANIEDOTN L FISHHEE (mm)
(@) 1181 B D&%

Case| df dy dz o A
1 1.055 0.020 0.089 1.1483 0.353
2 1.612 0.020 0.127 1.739 -0.243
3 1.091 0.020 0.108 1.199 0.298
4 1.370 0.020 0.127 149y —

5 1.648 0.020 0.089 1.737 -0.240
6 1.114 0.020 0.120 1.234 0.263
7 1.671 0.020 0.159 1.830 -0.333
¥ | 0.288

(b) 2 [81 B o ke ittigk &t

Case| df dy dz 1) ELkS
1 0.929 0.025 0.080 1.009 0.328
2 1.413 0.025 0.111 1.525 -0.188
3 0.974 0.025 0.105 1.079 0.258
4 1.216 0.025 0.121 133y —

5 1.458 0.025 0.136 1.594 -0.258
6 1.002 0.025 0.121 1.128 0.213
7 1.487 0.025 0.152 1.639 -0.302
¥ | 0.258

(OXEES R

Case| df dy dz o R
1 1.849 0.010 0.207 2.056 0.550
2 2.866 0.010 0.319 3.186 -0.580
3 1.834 0.010 0.208 2.041 0.565
4 2.342 0.010 0.264 2.606 —

5 2.851 0.010 0.320 3.171 -0.565
6 1.824 0.010 0.208 2.032 0.574
7 2.841 0.010 0.321 3.161 -0.555

Sy 0.565

HERETITERLZZE L TWehoT=, A5%1%, BEb A
FIBIEUCIN 2 TE LR DREFMFZHED TV FETH S.
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2T, FnEh, 0.288mm 0.258 mmTdH 5 DITxt L
AElOFREF 1L 0.565 MmmE T 25 TH 5.
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% H R HE 2RI L 72Uk VLBI (2361) 2 BISEAR S OB 2 5 8 L 7= RS mfs G OREREIT» 54)

u, u3
+1.000e-01
+8.650e-02
+7.300e-02
+5.950e-02
+4.600e-02
+3.250e-02
+1.800e-02
+5.500e-03
-8.000e-03
-2.150e-02
-3.500e-02
-4.850e-02
-6.200e-02

Casel Case? Case3 Case4 Case5 Caseb Case7
() 1181 B Ok it 5

U, Uz
+1.000e-01
+8.650e-02
+7.300e-02
+5.950e-02
+4.600e-02
+3.250e-02
+1.900e-02
+5.500e-03
-0.000e-03
-2.150e-02
-3.500e-02
-4.850e-02
-6.200e-02

Casel Case? Case3 Case4d Case5 Caseb Case7
(b) 2[5 H O sk 7t 1IEH R

u, Uz
+1.900e-01
+1.633e-01
+1.367e-01
+1.100e-01
+3.333e-02
+5.667¢-02
+3.000e-02
+3.333e-03
-2.3338-02
-5.000e-02
-7.6678-02
-1.033e-01
-1.300&-01

Casel Case? Case3 Case5 Caseb Case?
(c) LB H O fciak al: i feg

U, U3
+1,900e-01
+1.633¢-01
+1.367e-01
+1.100e-01
+8.333¢-02
45 EE7e-02
+3.0008-02
+3,333e-03
-2.333e-02
-5.000e-02
—7.E676-02
-1.033e-01
-1.300e-01

Casel Case2 Case3 Caseb Caseb Case?7

(d) 2 1 F O ik - ihianes
FATK I a1 B IRERZE A D b
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% 19 Design process for primary reflector of balloon-borne VLBI
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