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Abstract The antennae used in military vehicles serve as a device for identifying enemy aircraft and
others, playing a crucial role in military operations. The reliability and stability of the antenna are
important factors that affect the success or failure of military operations, and sufficient analysis and
verification of the stability of the antenna are required in the design process of the antenna. Antennas
are used in various transportation environments during operations. The reliability of the antennas must
be secured because antennas used in various transportation environments are exposed to vibration.
Therefore, in this paper, modal analyses were conducted to verify the structural stability of antennas
during vehicle transport. Random vibration analysis was then conducted using the ASD data from the
U.S. military standard MIL-STD-810H. The maximum stress generation position was derived using the
analysis results, and the safety margin was calculated using the derived stress data. Vulnerable areas
affected by vibrations during vehicle transportation and operation include the power supply unit in the
vertical direction, the bracket in the transverse direction, and the power supply unit in the longitudinal
direction. The maximum equivalent stress (54.84MPa) occurred in the power supply unit in the vertical
direction. The minimum safety margin was 3.012, which was greater than zero, the standard for
determining the stability of the minimum safety margin. Hence, the antenna loaded on the vehicle has
structural stability during transportation and operation.

Keywords : Identification Friend or Foe, Antenna, Modal Analysis, Random Vibration Analysis, Margin of
Safety
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2.1 AL O YA Fig. 1. Antenna structure
Table 1. Properties of material
Type Profile Block PCB
Density [kg/m3] 2700 7900 1840
Young's Modulus [GPa] 68.9 193 18.4
Poisson's Ratio 0.33 0.29 0.11
Shear Modulus [GPa] 25.9 75.7 8.4
Yield Strength [MPal 275 205 241
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Fig. 2. Mesh of antenna
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Table 2. CWV vibration exposure
Vertical Transverse Longitudinal
Frequency, Hz ASD, g2/Hz Frequency, Hz ASD, g2/Hz Frequency, Hz ASD, g2/Hz
5 0.12765 5 0.04070 5 0.01848
6 0.12926 6 0.04415 6 0.02373
7 0.30000 7 0.11000 7 0.05000
8 0.30000 8 0.11000 8 0.05000
9 0.10000 9 0.04250 9 0.02016
12 0.10000 12 0.04250 12 0.02016
14 0.15000 14 0.07400 14 0.05000
16 0.15000 16 0.07400 16 0.05000
19 0.04000 19 0.02000 19 0.01030
90 0.00600 100 0.00074 23 0.01030
125 0.00400 189 0.00130 25 0.00833
190 0.00400 350 0.00400 66 0.00114
211 0.00600 425 0.00400 84 0.00107
440 0.00600 482 0.00210 90 0.00167
500 0.00204 500 0.00142 165 0.00151
221 0.00333
455 0.00296
500 0.00204
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(a) deformation shape of 1st mode
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(c) deformation shape of 3st mode

Fig. 4. Modal deformation shape of antenna
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Table 3. Max. equivalent stress(random vibration)

Direction Vertical Longitudinal Transverse
Value(MPa) 54.84 1.7332 1.6315
Location Power supply Bracket Power supply

54.84 Max
48.746

42.653

3656

30467

24373

1828

12187

6.0934
6.4975e-5 Min

(a) Equivalent stress of vertical axis

1.7332 Max
1.5406
1.3481
1.1555
0.96291
077033

057776
038518
0.1926
1.9231e-5 Min

(b) Equivalent stress of longitudinal axis

1.6315 Max
14503

1.269

1.0877
0.90641
072513
0.54385
036257
018129
8.8218e-6 Min

(c) Equivalent stress of tranverse axis
Fig. 5. Random vibration analysis
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Table 4. Margin of safety

Direction Vertical Longitudinal Transverse
Value 3.012 98.238 133.85
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