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Fig.1  Sketch map of space net capture
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Fig.2 Performance index based on the deployment area
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Fig.3 Performance index based on the flight distance
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Table 1  Factor and level of the orthogonal test design

Lovel Factor A Factor B Factor C  Factor D Factor E
m,(kg) my(kg) v (m/s) a(°) (%)
1 1 0.5 5 10 10
2 1.5 1 10 20 30
3 2 1.5 15 30 50
4 2.5 2 20 40 70
5 3 2.5 25 50 90
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Table 2 Orthogonal test and its results

Test number A (m,) B (m,) C (v) D (a) E (0) Blank line  S,,/m? t,/s d,/m d,/m
1 1 1 1 1 1 1 1478.8 50.12 163.22 53.22
2 1 2 2 2 2 2 1587.7 10.77 81.09 24.43
3 1 3 3 3 3 3 1590.9 4.54 50.66 14.25
4 1 4 4 4 4 4 1595.3 2.56 34.89 9.24
5 1 5 5 5 5 5 1600.0 1.67 24.44 6.23
6 2 1 2 3 4 5 1585.6 10.12 50.39 13.79
7 2 2 3 4 5 1 1582.3 4.12 34.71 9.50
8 2 3 4 5 1 2 1591.6 2.41 24.78 6.79
9 2 4 5 1 2 3 1583.2 7.98 165.68 51.01
10 2 5 1 2 3 4 1587.4 19.58 80.14 23.16
11 3 1 3 5 2 4 1574.9 5.14 24.50 5.48
12 3 2 4 1 3 5 1583.7 12.75 167.66 50.75
13 3 3 5 2 4 1 1584.6 4.59 81.03 23.99
14 3 4 1 3 5 2 1585.5 14.69 50.97 14.71
15 3 5 2 4 1 3 1594.2 5.50 35.16 10.07
16 4 1 4 2 5 3 1587.7 9.66 80.51 21.77
17 4 2 5 3 1 4 1578.5 3.80 50.83 15.26
18 4 3 1 4 2 5 1586.3 12.80 34.84 9.56
19 4 4 2 5 3 1 1588.8 4.96 24.48 6.28

20 4 5 3 1 4 2 1587.6 13.99 165.59 49.66
21 5 1 5 4 3 2 1559.6 4.64 34.64 7.46
22 5 2 1 5 4 3 1580.0 13.37 24.52 5.64
23 5 3 2 1 5 4 1582.0 25.50 167.44 49.16
24 5 4 3 2 1 5 1585.6 7.87 80.90 25.34
25 5 5 4 3 2 1 1585.7 3.82 51.01 14.78
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Table 3 Variance analysis of maximum deployment area

Square Degree

Deviation deviation of Mean F Threshold  Significant

source square
of the sum freedom

A(m,) 8826 4 2206 046 No
B(m,) 37161 4 9200 192 o o44 N
Cv) 20920 4 5230 108 _g39 No
D(a) 20704 4 5176 107 (Confidence NO
E(¢) 15717 4 3929 081  levelis No
eror 1938.4 4 4846 0.95)

Sum 12271.2 24
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Table 4 Variance analysis of maximum deployment time

Square Degree

Deviation Mean

deviation of F Threshold  Significant
source . square
of the sum freedom
A(m,) 1028 4 25.7 112 No
B (m,) 2141 4 53.5 2.33 Foos(4,4) No
C (v) 1002.0 4 250.5 1091 =639 Yes
D (a) 945.3 4 236.3 1030 (Confidence Yes
E() 1083 4 271 118 levelis No
error 91.8 4 23.0 0.95)

Sum 2464.4 24
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Table 5 Variance analysis of maximum deployment distance

Square  Degree

Deviati Ve
VIO eviation  of “U P Threshold Significant
souree of the sum freedom Square
A(m,) 34 4 0.8 1.95 No
B N

(m,) 4.1 4 1.0 236 Foos(4.4) o
C (v) 3.4 4 0.9 1.97 - 639 No
D (a) 64890 4 16222 37262 (Confidence Y€
E ({) 1.2 4 0.3 0.71 level is No

error 1.7 4 04 0.95)

Sum 64904 24
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Table 6 Variance analysis of effective action distance

L Square Degree
Deviation ean

deviation of F Threshold ~ Significant
source square
of the sum freedom
A (m,) 34 4 08 076 No
B (m,) 2.8 4 0.7 0.64 Foos(4:4) No
C (v) L1 4 03 024 - 639 No
D(a) 6485 4 1621 1479 (Confidence  Y©°
E(¢) 12.0 4 3.0 274 level is No
error 4.4 4 1.1 095)

Sum 6509.0 24
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Table 7 Range analysis of maximum deployment area

Factor A (m,) B(m) C(v) D(a) E()
Average 1 1570.5 1557.3 1563.6 1563.1 1565.7
Average 2 1586.0 1582.4 1587.7 1586.6 1583.6
Average 3 1584.6 1587.1 1584.3 1585.2 1582.1
Average 4 1585.8 1587.7 1588.8 1583.5 1586.6
Average 5 1578.6 1591.0 1581.2 1587.0 1587.5

Range 15.5 33.7 25.2 24.0 21.8
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Fig.4 Maximum deployment areas in various levels of every factor
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Table 8 Range analysis of maximum deployment time

Factor A (m,) B (m,) C (v) D (a) E ({)
Average 1 13.93 15.94 22.11 22.07 13.94

Average 2 8.84 8.96 11.37 10.49 8.10
Average 3 8.53 9.97 7.13 7.39 9.29
Average 4 9.04 7.61 6.24 5.92 8.93
Average 5 11.04 8.91 4.54 5.51 11.13
Range 5.40 8.32 17.58 16.56 5.84
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Fig.5 Maximum deployment times in various levels of every factor
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Table 9 Range analysis of maximum deployment distance

Factor A(m,) B(m) C(v) D (a) E ({)
Average 1 70.86 70.65 70.74 165.92 70.98
Average 2 71.14 71.76 71.71 80.74 71.42
Average 3 71.86 71.75 71.27 50.77 71.52
Average 4 71.25 71.38 71.77 34.85 71.28
Average 5 71.70 71.27 71.33 24.54 71.62

Range 1.00 1.11 1.03 141.38 0.64
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Fig.6 Maximum deployment distances in various levels of every factor
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Table 10 Range analysis of effective action distances

Factor A(m,) B(m) C(v) D (a) E (&)
Average 1 21.47 20.35 21.26 50.76 22.14
Average 2 20.85 21.12 20.75 23.74 21.05
Average 3 21.00 20.75 20.85 14.56 20.38
Average 4 20.51 21.32 20.67 9.17 20.46
Average 5 20.48 20.78 20.79 6.08 20.28

Range 1.00 0.97 0.59 44.68 1.86
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Fig.7 Effective action distances in various levels of every factor
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Table 11  Correlation coefficients between the indicators
Correlation coefficients S, Ly d, d,
S 1.0000 -0.1107 -0.0524 -0.0309
L, -0.1107  1.0000 0.5769 0.5603
d, -0.0524  0.5769 1.0000 0.9985
d, -0.0309  0.5603 0.9985 1.0000
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Fig.8 Scatter plot of the correlationship between the indicators
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PARAMETER SENSITIVITY ANALYSIS OF SPACE NET DEPLOYMENT
BASED ON ORTHOGONAL EXPERIMENT *

Abstract

. . 1.2+
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The deployment effect of space net is the key to the success of space net capture mission. However,

the performance indexes and design parameters of space net development are various, and a single simulation test

takes a long time. In order to avoid the extremely time consuming simulation tests which contain all kinds of

factors, the orthogonal experiment design method is considered to reduce the number of tests. This paper carries

out the sensitivity analysis for the design parameters which affect the effect of the space net development. Firstly,

the performance indexes and design parameters are defined. Then, based on the orthogonal experiment design,

the simulation test is carried out and the orthogonal test results are obtained. Finally, parameter sensitive analysis

of every performance index is performed by means of range analysis method and variance analysis method.

Through this study, the numbers of design parameters and performance indexes is simplified, laying the

foundation for the next step in optimizing the design of the space net.
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