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ABSTRACT

In this study, the differences in dynamic characteristics based on the rocket quantity of the aerial
launcher mounted outside the low-speed rotor aircraft were analyzed. The aerial launcher mounted
outside the aircraft is subjected to varying flight loads depending on the platform flight. Dynamic
loads due to platform vibration during flight affect the durability of the aerial launcher. Platform vi-
bration is transmitted to the aerial launcher by boundary conditions, and the aerial launcher receives
a dynamic response from the boundary conditions of the rocket. The number of rockets for aerial
launchers varies depending on operating conditions. Because the shape and mass of the rocket greatly
affect the aerial launcher, it is expected that there will be changes in dynamic characteristics depend-
ing on the presence, absence, and the quantity of rockets. The structural stiffness vulnerability of a
specific area was identified by analyzing the difference in dynamic characteristics of the rockets,
such as resonance frequency, acceleration response, and mode correlation coefficient. Consequently, a

conservative durability test method was presented.
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Table 1 Case test configuration

Case No. Vibration Aerial Left Right
fixture launcher rocket rocket
1 (6} (6} X X
2 O (6} 0} X
3 O O 0} 0}
Crutch Bolt

Right Rocket

Aerial Launcher

Left Rocket

b ‘L’ X Vibration Fixture

Fig.1 Test configuration (case 3) Fig.3 Test configuration (case 2, z-axis)
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Fig. 9 Vibration fixture resonance search

Table 3 Vibration fixture resonance search

Natural frequency (5 Hz ~ 500 Hz)
X Y 4

419 Hz
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Table 4 Stabilization table (launcher, y-axis)
Y-Axis stabilization table [5 Hz ~ 500 Hz]

Mode Frequency [Hz] Damping ratio [%]
1 88.92 0.845
2 112.57 1.812
3 139.54 0.412
4 160.54 0.685
5 208.46 0.280
6 243.39 0.365
7 289.86 0.724
8 313.99 1.038
9 410.48 0.473
10 452.74 1.118

Table 5 Stabilization table (launcher, y-axis)

Y-Axis modal analysis [S Hz ~ 500 Hz]

No|Launcher | Launcher + 1 rocket | Launcher +2 rocket
1 - 25.66 26.65
2 - 52.04 42.54
3] 88.92 98.90 -

41 112.57 111.88 117.63
51 139.54 139.95 152.43
6 | 160.54 185.78 169.98
7 | 208.46 204.81 192.90
8 | 243.39 239.36 -

9 | 289.89 - -
10| 313.99 306.48 323.28
11 - - -
12

13| 410.48 408.35 413.38
14| 452.74 449.39
15 - 477.41 -
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Fig. 12 Sensor response graph (Y-axis)
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Fig. 13 Sensor phase shift graph (Y-axis) Fig. 15 Stabilization diagram (launcher + 2 rocket, Z-axis)
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Table 6 Stabilization table (launcher +2 rocket, Z-axis)

Z-Axis stabilization table [5S Hz ~ 500 Hz]
Mode Frequency [Hz] Damping ratio [%)]
1 36.46 1.858
2 55.92 0.346
3 82.12 2.292
4 112.61 0.079
5 135.57 0.631
6 168.50 0.352
7 225.44 0.605
8 269.65 0.735
9 287.51 0.489
10 402.34 0.375
11 442.18 0.179
12 463.52 0.495

Table 7 Aerial launcher resonance search (Z-axis)

Z-axis natural frequency (5 Hz ~ 500 Hz)
No| Launcher | Launcher+ 1 rocket | Launcher+2 rocket
1 - - 36.46
2 - 45.75 55.92
3| 80.38 73.48 82.12
4 | 111.11 116.27 112.61
5 - 132.04 135.57
6 | 185.89 176.46 168.50
7| 222.55 215.08 225.44
8 | 240.21 - -
9 | 274.68 260.96 269.65
10| 305.70 287.05 287.51
11| 337.62 322.82 -
12| 387.64 - -
13 - - 402.34
14| 432.80 435.15 442.18
15| 472.76 472.55 463.52
386 | Trans. Korean Soc. Noise Vib. Eng., 33(4) : 380~391, 2023
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Fig. 21 Sensor(No. 3) SoR response GRMS 3 11.14 10.74 ( %) ( %)
4 22.66 36.18 (+59.66 %) 33.51 (47.88 %)
5 15.01 16.32 (+8.73 %) 13.86 (-7.66 %)
Table 8 Sensor(No. 3) SoR response GRMS 6 16.62 18.46 (+11.07 %) 16.68 (+0.36 %)
X ; v F e—— S 7 17.84 16.45 (-7.79 %) 14.49 (-17.66 %)
t o
om casure axts um 8 13.20 13.62 3.18%) | 11.97 (-9.32 %)
X1 | Reference Shaker 2.53 /253 /253 7.59 9 16.52 1921 (1628 %) 18.39 (11.32 %)
Xa| || Fixtwe |267/267/272| 806 10 | 1546 | 1468 (5.05%) | 1402 (931%)
X3 Launcher | 3.55 /4.26 /332 | 11.13 11 | 2190 | 2048 (-648%) | 18.82 (-14.06%)
X4 | Launcher | Fixture | 2.66/2.64/2.69 | 7.99 12 21.00 | 17.60 (-16.19%) | 18.17 (-13.48 %)
X5 | *1rocket | Launcher | 3.16 / 4.53 / 3.05 | 10.74 13 14.65 14.11 (-3.69%) | 1227 (-16.25 %)
X6 | Launcher | Fixture | 2.69 /261 /266 | 7.96 14 15.99 13.72 (-14.20%) | 14.01 (-12.38 %)
X7| *2 rocket | Launcher | 3.00 / 4.13 / 3.08 | 10.21 Total | 201.99 | 211.57 (+4.74%) | 196.6 (-2.67 %)
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Table 10 MAC calculation result
Launcher + 1 rocket & launcher + 2 rocket (x-axis)
Freq | 12.20 | 26.85 | 41.50 466.35|481.00495.65
12.20 |0.4806|0.9929 (0.4677 0.2952(0.1433]0.3151
26.85 |0.9987]0.4842(0.9964 0.3723]0.1781|0.4169
41.50 (0.9979(0.4822{0.9969 0.3612(0.1714|0.4073
466.35|0.4317|0.3109 (0.3902 0.969310.5630|0.9071
481.00|0.3791|0.2888 |0.3443 0.7968|0.8485|0.8050
495.65(0.3891|0.3041 [0.3546 0.830410.7568|0.8644
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Table 11 MAC diagonal matrix

Table 12 Dynamic characteristic similarity

Launcher + 1 rocket & launcher +2 rocket (x-axis)

Diagonal matrix | MAC value | Diagonal matrix | MAC value

1 (12.20 Hz) 0.4806 18 (261.25 Hz) 0.9678

2 (26.85 Hz) 0.4842 19 (275.90 Hz) 0.6437

3 (41.50 Hz) 0.9969 20 (290.55 Hz) 0.9581

4 (56.15 Hz) 0.9995 21 (305.20 Hz) 0.9905

5 (70.80 Hz) 0.9820 22 (319.85 Hz) 0.7860

6 (84.45 Hz) 0.9845 23 (334.50 Hz) 0.8218

7 (100.10 Hz) 0.9277 24 (349.15 Hz) 0.6891

8 (11475Hz) | 09912 |25 (363.80Hz) | 0.8427

9 (129.40 Hz) 0.9994 26 (378.45 Hz) 0.9715

10 (144.05 Hz) 0.9931 27 (393.10 Hz) 0.6057

11 (158.70 Hz) 0.9973 28 (407.75 Hz) 0.8972

12 (173.35 Hz) 0.9700 29 (422.40 Hz) 0.9664

13 (188.00 Hz) 0.9586 30 (437.05 Hz) 0.7446

14 (202.65 Hz) 0.9623 31 (451.70 Hz) 0.6844

15 (217.30 Hz) 0.9691 32 (466.35 Hz) 0.9693

16 (231.95 Hz) 0.7785 33 (481.00 Hz) 0.8485

17 (246.60 Hz) 0.9884 34 (495.65 Hz) 0.8644
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Launcher & launcher + 1 rocket

X Y 4
83.18 % 58.23 % 41.83 %
Launcher & launcher + 2 rocket
X Y %
71.98 % 59.18 % 46.65 %

Launcher + 1 rocket & launcher +2 rocket

X Y

87.40 % 76.50 %
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