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ABSTRACT

In this study, a structural model was manufactured and a launch environment test was conducted
to verify that the designed Electro-optical payload could withstand the launch environment. Two tests
were conducted: random vibration test and shock test. In random vibration test, a notching was ap-

plied to prevent excessive dynamic loads on the structure by considering design load. Before and af-

ter conducting each test, a low-level sinusoidal sweep test was performed to confirm that there are

no structural defects by examining the changes in the natural frequency and damping characteristics.
Using this, the structural integrity of the Electro-optical payload for random vibration and shock tests
could be verified. A limitation with the notching method, introduced in this paper, is that it is only
applicable if the non-linearity of the structure can be ignored. However, there is a great advantage in

terms of efficiency because this method can be applied without a prior structural analysis for

notching.
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Fig. 1 Configuration of structural model
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Fig. 2 Configuration of optical mounting structure

Table 1 Requirements of detector assembly dummy

Parameter Requirement
Mass <3%
C.G < 3mm

=)

a

(a) Compressor

=
o

(c) Buffer volume

=)

(b) Dewar

=)

Fig. 3 Detector assembly dummy configuratioc
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Table 2 Design requirements

Parameter Requirement
1** Natural frequency of SM >120 Hz
SM 25¢g
) Mirror assembly 1 60 g
Dlzzgn Mirror assembly 2 63¢g
Mirror assembly 3 60 g
Lens assembly 41¢

Table 3 Level of random vibration test

Frequency (Hz) PSD (g*/Hz) Remark
20 0.017
70 0.06
400 0.06 Duration : 2 min
2000 0.012
Overall 7.8 Srms
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Table 4 Level of shock test

Frequency (Hz) SRS (g) Remark
100 8 * 2 Actuation
1515 270 « Test tolerance

Table 5 Low level sinusoidal sweep test

Sweep rate
2 Oct/min

Level
05¢g

Frequency
5Hz~2000 Hz

L e L

(b) Vertical

Fig. 4 Accelerometer position for control
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Table 6 Accelerometer list for response

Position
SM C.G

Mirror assembly 1

Sensor #

Mirror assembly 2

Mirror assembly 3

Lens assembly

Fig. 5 Accelerometer position for response
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Table 7 Shock test facility specification

Parameter Specification
Interface area Im x 1m
Weight of test object < 200 kg

200 g SRS at 1.0 kHz
(with 100 kg test object)

Test spec

Fig. 8 Configuration of shock test
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Fig.9 -12 dB Random vibration test result
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Table 8 Expected unnotched 0 dB response at AO1

Axis Expected RSS
Excitation | Response e for X, Y, Z(g)
X 32.1
X Y 3.03 97.9
Z 5
X 13.3
Y Y 12.3 57
Z 5.77
X 22.2
Z Y 7.04 80.7
Z 13.5

*RSS(root sum square)
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Notched -6dB Random Vibration Test Result at AO1
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Fig. 10 X-axis result about notched —6 dB input

Table 9 Comparison between expected result and test
result at A0l (X-axis)
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Fig. 11 Y-axis result about notched —6 dB input

Table 10 Comparison between expected result and test
result at A0l (Y-axis)

Response axis Response axis
Excitation axis : X Excitation axis : Y
X Y zZ X Y Z
Zrms 4.68 1.46 2.13 Lrms 2.47 2.57 1.62
Expected 3sigma 14 | 437 | 638 Expected 3sigma 74 | 77 487
result result
RSS for X,Y,Z(g) 16 RSS for X,Y,Z(g) 117
Zrms 7.77 1.8 2.79 rms 2.71 2.72 1.7
Test 3sigma 233 | 539 | 836 Test 3sigma 814 | 8.15 5.11
result result
RSS for X,Y,Z(g) 25.4 RSS for X,Y,Z(g) 12.6
Trans. Korean Soc. Noise Vib. Eng., 30(é) : 597~607, 2020 | 603
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Fig. 12 Z-axis result about notched —6 dB input

Table 11 Comparison between expected result and test
result at AQ1 (Z-axis)

Response axis
Excitation Axis : Z
X Y VA
Sems 3.76 1.41 2.81
Expected 3sigma 113 | 424 | 843
result
RSS for X,Y,Z(g) 14.7
Zrms 3.99 1.33 2.82
Test 3sigma 12 | 398 847
result
RSS for X,Y,Z(g) 152
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Fig. 13 Notched 0 dB random vibration test result
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Table 12 Random vibration test result at A01

Axis g Expected RSS
Excitation | Response " for X, Y, Z(g)
8.31
X Y 2.49 28.1
Z 3.55
X 3.42
Y Y 5.23 243
Z 5.16
X 7.45
zZ Y 2.54 28.6
Z 5.39
Shock Test Profile : Test Spec & Control(C01,C02)
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Fig. 14 Shock test result
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Fig. 15 Low level sinusoidal sweepr test result

10!

Trans. Korean Soc. Noise Vib. Eng., 30(6) : 597~607, 2020 | 605



Do-hee Yoon et al.; Validation of Structural Safety on Electro-Optical Payload under Launch Environment

Table 13 Natural frequency before/after test

Excitation 1** Frequency (Hz) (D
axis Before test After test
X 154 152 1.29
Y 190 190 0
244 242 0.8
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