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Design of Mass Distribution of Space Remote Sensor

YUAN Tao, HE Xin ∗

(Changchun Institute of Optics, Fine Mechanics and Physics,

Chinese Academy of Sciences, Changchun 130033, China)

Abstract: To make optical components have their dynamic response as small as possible and meet

the required mass specifications, the mass of a space optical remote sensor should be distributed. By

establishing a full damping dynamic analysis model for the space optical remote sensor, the expression for

the dynamic response of the optical components is obtained. The dynamic amplification characteristics

of different dynamic systems are discussed according to the expression. Then, in view of the actual

engineering condition, numerical analysis is made via MATLAB programming and the mass distribution

condition under which the response of the optical components can be made as small as possible is

discussed. The result shows that the optical components have their dynamic response close to the

minimum value for a damp ratio of 0.03, a frequency ratio β of 1.3 and a mass ratio of 0.51. Because the

method proposed according to the theoretical formula can interpret the result in the formation of chart,

it is reliable and easy to use.
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1

=
k1

m1

(1)

ζ1 =
c1

2m1ω1

(2)

λ1 =
ω

ω1
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=
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m2

(4)

ζ2 =
c2

2m2ω2
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λ2 =
ω

ω2
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m1 ẍ1 + c1(ẋ1 − ẋ) + k1(x1 − x)

−c2(ẋ2 − ẋ1) − k2(x2 − x1) = 0

m2 ẍ2 + c2(ẋ2 − ẋ1) + k2(x2 − x1) = 0

(9)

<==+@:3(>>?�	[
m1 0

0 m2

][
ẍ1

ẍ2

]
+

[
c1 + c2 −c2

−c2 c2

][
ẋ1

ẋ2

]

+

[
k1 + k2 −k2

−k2 k2

][
x1

x2

]
=

[
c1 ẋ + k1x

0

]
(10)

?�@A(

x = Feiωt (11)
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ẋ = iFωeiωt (12)
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x1 = A1e
iωt (13)

x2 = A2e
iωt (14)
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ẋ1 = iA1ωeiωt (15)

ẍ1 = −A1ω
2eiωt (16)

ẋ2 = iA2ωeiωt (17)

ẍ2 = −A2ω
2eiωt (18)
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[
−m1ω

2 + iω(c1 + c2) + (k1 + k2) −ic2ω − k2

−ic2ω − k2 −m2ω
2 + ic2ω + k2

][
A1

A2

]
=

[
F (ic1ω + k1)

0

]
(19)
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A1

A2

]
=
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−m1ω

2 + iω(c1 + c2) + (k1 + k2) −ic2ω − k2

−ic2ω − k2 −m2ω
2 + ic2ω + k2

]−1[
F (ic1ω + k1)

0

]

=

[
−m2ω

2 + ic2ω + k2 ic2ω + k2

ic2ω + k2 −m1ω
2 + iω(c1 + c2) + (k1 + k2)

][
F (ic1ω + k1)

0

]
[−m1ω

2 + i(c1 + c2)ω + (k1 + k2)][−m2ω
2 + ic2ω + k2 ] − (ic2ω + k2)2

(20)

B

M = [−m1ω
2 + iω(c1 + c2) + (k1 + k2)][−m2ω

2 + ic2ω + k2 ] − (ic2ω + k2)
2

= (−m1ω
2 + ic1ω + k1)(−m2ω

2 + ic2ω + k2) − m2ω
2(ic2ω + k2) (21)
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A1 = F (−m2ω
2 + ic2ω + k2)(ic1ω + k1)/M (22)

A2 = F (ic2ω + k2)(ic1ω + k1)/M (23)
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A1

F
=

(−m2ω
2 + ic2ω + k2)(ic1ω + k1)

M
(24)

A2

F
=

(ic2ω + k2)(ic1ω + k1)
M

(25)
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A2

A1

=
ic2ω + k2

−m2ω
2 + ic2ω + k2

=
1 + 2iζ2λ2

(1 − λ2
2
) + 2iζ2λ2

(26)

HCCD&'(

∣∣∣∣A2

A1
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1 + 4ζ2

2
λ2
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(1 − λ2
2
)2 + 4ζ2

2
λ2

2
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A2

F
=

(ic2ω + k2)(ic1ω + k1)
M

= (1 + 2iζ2λ2)

×(1 + 2iβζ1λ2)
/{

[(1 − β2λ2
2
) + 2iβζ1λ2 ][(1 − λ2

2
)

+2iζ2λ2 ] − αβ2λ2
2
(1 + 2iζ2λ2)

}
(28)
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