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Abstract: The membrane diffraction is a new imaging method for space telescopes. It makes a hot research topic in space
telescope technology with lots of advantages, such as light weight, easy foldability and high optical imaging accuracy. The
active vibration control of the truss structure of a kind of membrane diffraction space telescope was investigated, and an
active vibration control strategy was proposed based on cable actuators. Firstly, the dynamic model for the telescope truss
structure was established. Then the particle swarm optimization algorithm was used to study the arrangement optimization
of cable actuators. The active control law for the structure vibration was designed with the classical linear quadratic
regulator method. Finally, the numerical simulation results verify the effectiveness of the proposed method. In the numerical
simulations, the relationship between the number of cable actuators and the required time for the structure to regain stability

was studied in detail.
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Fig. 1 Schematic diagram of the membrane diffraction space telescope: (a) the structure of the membrane diffraction space telescope; (b) the structure of a

truss element; (c) the triangular frame structure of the truss bottom and top
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Table 1 Physical parameters of the structure of the membrane diffraction space telescope

size lasti dul densi Poi s Rayleigh damping coefficient
structural component length  cross-sectional area clastic modulus sy oreon s
l/g PP E/GPa pl(kgm?)  ratio u a B
m m
triangular frame 0.68 2.5x107 70 2700
longitudinal beam 1.245 7.07%10™* 70 2700
connecting beam 0.3926 2.5%107 7000 2700 03 0.05 0.03
simplified beam of the rigid plate  0.3926 2.5x107 7000 2700
implified b f th .
S e e O e 7.9556 2.5%10° 7000 2700

primary mirror

R 2 WHATHAR S BUE ARG U AR (L Hz)

Table 2 The Ist 4 natural frequencies of the membrane diffraction space telescope (unit: Hz)

natural frequency 1st order 2nd order 3rd order 4th order
theoretical model 0.15337 0.15337 0.22946 0.63599
ANSYS 0.15314 0.15314 0.23549 0.63464
error /% 0.15019 0.15019 2.56062 021272

B2 MPBEAT I RS S A DU B SR AL (a) — BT IRAY; (b) MR (o) =W iRAEY; (d) DUR IR
Fig. 2 The 1st 4 modal shapes of the membrane diffraction space telescope: (a) the 1st-order mode; (b) the 2nd-order mode;

(c) the 3rd-order mode; (d) the 4th-order mode
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Table 3 Number of cable actuators, optimal positions and reqiured time for structural stabilization

number N cable actuator position time #/s || number N cable actuator position time #/s
(1.2,6), (1.5.5). (1,25.4), (2. 2. 4, (2.3, 1), (2. 8, 4). (2, 19, 4,
! (3.2,5) 13393 1 (.1,5),(3,2,3), 3. 4,1, (3,9, 1) 33.01
(11,5), (1,4, 6). (1,22, 4), (1,27, 1), (2. 4, 4), (2. 6, 4),
2 @.2.1).6.27.6) 10448 11 120 320.6), (3.2, 1), (3. 10,2), 3. 10, 5). (3. 12,2), 3, 21,3)  2°
(1,1,6), (1,5,3). (1, 10, 5, (1,29, 3), (2.2, 3), (2. 6, 1), (2. 7. 3),
3 (1.2,5). 1,25, 1).3, 2,2) 8147 13 (2.8,4),(2,23,5), (3.3, 1. (3. 5.1, 3,15, 1), 3, 28,5) 2%
(1,2,6), (1, 14,6), (1,26, 1), (2, 1,2), (2,2, 3), (2. 6, 4),
4 (1L3.8),(2.4.4.3.1.1),(3.27,5) 6545 14 (2.25.2), (3.2.2), (3. 2.6), (3. 6.2), (3.8, 1), 29,64

(3,17,3),(3,25,4), (3,26, 5)

(1.3.6), (1.28,2), 2. 2,4), 3.2,2), (1,4,2), (1,4,5), (1,8,5), (2,2, 4), (2,2, 5), (2.3, 4), 2,22, 3),

5 5,55 55.78 15 (2,29,6),(3,1,1),(3,1,4),3,2,1),(3,4,2), 3,5,5), 3, 6,4), 2649
> (3,29,3)
(1,2,6), (1,6,5), (1,7, 6), (1, 18,4), (1, 26, 3), (1, 27, 2),
6 (1’1’5)’((13’18’1‘)‘)’(22’218"2)’(2’3’1)’ 52.56 16 (2,2,4), (2,20,3),(2,22,3),(2,27,5), 3,2, 1), 3, 2, 2), 26.38
525 (3,2,4),(3,4,2), (3,7, 1), (3,24, 6)
(1,2, 1), (1,4,4), (1,6, 6), (2,2, 3), (2, 2, 6), (2,3, 3), (2, 5, 3),
7 (1’3’(?’2(12’)2?’331’(52)’%’32;’9(26)5’4)’ 4597 17 (2,8,2), (2,13,3),(2, 26, 1), (2,30, 5), 3,3, 2), 3, 4, 2), 23.24
2 5 215, % 20 13, 22 (3,10,2), (3, 11,2), (3, 23, 2), (3, 29, 4)
(1,3,6),(1,4,6),(1,9,5), (1, 13, 5), (1,28, 2), 2, 1, 2), 2, 1, 3),
8 (E_;)zi6;)(23235’22))’((32’3’53))’((32’22;"2))’ 42.83 18 (2,2,4),(2,6,1), 2,11, 1), 2,26, 6), (2, 30, 5), (3, 1, 4), 23.42
AN (3,2,1),(3,7,1), (3,20, 1), (3,27, 2), (3, 28, 5)
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Fig.3 The correlation curve between the number of cable actuators and the time required for system stabilization
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