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ABSTRACT

In this study, the vibration characteristics of an airborne external store, originally designed using

MIL-STD-810G reference profiles,

were re-evaluated to

support structural optimization based on

in-flight measurements. Nonlinear contact boundary conditions among bomb rack unit hooks, store lugs,

and sway braces were considered to overcome the limitations of conventional linear analysis. Vibration

data were obtained from nine rotorcraft flight sorties with the store mounted on a pylon, and a power

spectrum density (PSD) envelope with a +3 dB safety margin was derived. Analysis accuracy was

improved by incorporating high kurtosis, a defining feature of rotorcraft vibration, into the fatigue damage

evaluation. To address the limitations of linear finite element analysis caused by nonlinear contact

behavior, experimental transmissibility functions for the pylon-to-store energy path were established.

Critical resonances were identified using vibration response spectrum analysis, and fatigue damage spectrum

analysis confirmed that the AL7075 structure ensures adequate fatigue life over 2500 hours. The results

suggest that MIL-STD-810G profiles are overly conservative. The proposed tailored 4-h accelerated PSD

achieved an approximately 35 % stress reduction, enabling weight optimization.
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Axis 95 % energy saturation frequency [Hz]
X 50.50
Y 241.99
Z 116.15
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3 474 2.646 0.141 0.069 0.150 . .
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Table 6 Major stress conversion factor result

Axis K-factor [MPa/g] Frequency [Hz]
X 0.93 235.0
Y 10.20 50.0
z 0.83 85.0

=
o
N

3-0 Stress Amplitude (MPa)
2
o

3-0 Stress Response Spectrum
(Stress Response Function Integrated)

10° 10 10?
Natural Frequency, fn (Hz)

== Y-axis (Max_g___ﬁ.s% of Limit)

X-axis (Max: 0.5% of Limit) ==+===- Z-axis (Max: 0.5% of Limit)
Endurance _Limit__(1 52__MPa)
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Table 7 Major 3-sigma stress result

Axis | 3-sigma stress [MPa] Limit ratio [%]
X 0.74 0.5
Y 10.07 6.6
z 0.72 0.5
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Table 8 Major cumulative damage index result

Axis Cumulative damage [D] Limit [%)]
X 5.04e-11 -
Y 1.77¢-3 0.2
V4 1.41e-11 -
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Fig. 16 Peak enveloping test profile (all axes)

Table 9 Grms comparison analysis

Axis MIL-STD-810G Peak envelope Ratio [%]
Grms Grms
X 4.42 2.95 66.7
Y 4.42 431 97.5
z 4.42 2.38 53.8
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Fig. 17 MIL-STD-810G reference PSD profile
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Fig. 18 Stress comparison analysis (Y-axis)

Table 10 Stress comparison analysis (Y-axis)

Interest MIL-STD-810G Peak enveloping Rati
reeic?rsl PSD profile PSD profile [‘;a/ ]0
g max stress [MPa] | max stress [MPa] .
Point A 94.83 3221 35.6
Point B 172.88 54.54 315
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Fig. 19 Fatigue comparison analysis (Z-axis)

Table 11 Life time comparison analysis (Z-axis)

Interest MIL-STD-810G PSD | Peak enveloping PSD
region profile life time [h] profile life time [h]
Point A 2698 Inf
Point B Inf Inf
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