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Calculation of Flight Loads and Structural Robustness Analysis of Aircraft
External Stores Considering Low Speed Rotorcraft Installation
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External stores on low-speed rotorcraft are subjected to various external forces depending on the aircraft's operating
conditions. While there are different types of external forces, this paper focuses on flight loads as defined by US defense
specifications. Flight loads consist of static and dynamic loads. Static loads on aircraft external stores include inertial loads
resulting from aircraft maneuvers and aerodynamic loads caused by the downward flow of the main wing. To define the inertial
load, the inertial load factor on external stores was calculated, while the minimum analysis case for aerodynamic load was
derived from trim analysis of rotorcraft blades. The critical design load diagram was developed by combining these factors,
and ANSYS was utilized to analyze the structural robustness under static loads. Based on the characteristics of the main
wing, a finite element analysis was conducted using a vibration profile tailored to the actual operating environment and an
impact profile suitable for the impact conditions. Structural robustness was further assessed through actual tests. This analysis
provides essential data for airworthiness certification, allowing for the safe installation of external stores on low-speed rotorcraft.
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Fig. 1 Platform configuration
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Fig. 2 Structure for installing the aircraft external store
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Table 1 MIL-STD-8591 static loads case

Contents Details

Appendix A Carriage design limit loads, general case

Carriage design limit loads, store carried on a

Appendix C helicopter aircraft

Table 2 MIL-STD-810 dynamic loads case

Contents Details
Vibration Method 514.6 — Helicopter vibration
Shock Method 516.6 — Functional test
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Table 3 MIL-STD-8591 inertia load factor for helicopter

Condition n,[g] n, [g] n. [g]
Symmetrical flight -1.75t01.61  -0.05t00.68  -4.03t02.76
Unsymmetrical flight -1.87t01.61 -0.65t01.78 -5.67t00.27
Landing with roll -1.07t01.07  -0.73t00.73  -5.67t02.07
Landing with pitch -0.88t00.88 -0.89t00.88  -4.76100.36

Table 4 Missile DATCOM parameter

Altitude Sea level m
Density Sea level kg/m®
Incidence angle 5.0 degree
lstore +7.5t0 -15.0 degree
Bitore +30.0 to -30.0 degree
uP
A
INBOARD OUTBOARD

@ ©)

DOVWN
Fig. 5 MIL-STD-8591 design limit load diagram
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Table 5 Aerodynamic design parameter Table 6 Max aerodynamic load case
Design Otstore Aiircraft external store condition
Limit Min Max Brore Case B s
Store ‘Store Pylon
Point 1 30.00 [degree] [degree]
0.00 7.50
Point 2 -30.00 Max Fx -15.0 30.0 4
Point 4 e : -30.00 Max Fz -15.0 30.0 3
oin -15. .
-30.00 Max My 7.5 -30.0 4
30.00 Max Mz 1.5 -30.0 4
Point 6 0.00 7.50
-30.00

Cross Plot (Fz,Fy)

800
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g

400

200

Fy(Ibf)

=200

-400 Absolute Pressure (Pa)
z ~ 78846, 84974, 9”03: 97231, '1,0336(‘“.??r 1.0949e+05
600 [ L’x
300 . | | . . | | Fig. 7 Surface pressure data (Max My)
-2500 -2000 -1500 -1000 -500 0 500 1000
Fz(Ibf)
Fig. 6 Design limit load diagram (Fz - Fy)
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Table 7 Max inertial load according to aerodynamic load

Aerodynamic Inertial force
Case
load Fx [Ibf] Fy [Ibf] Fz [1bf]
1 Max Fx 4293 143.8 -14352
2 Max Fy -85.2 442.8 -1240.1
3 Max Fz 7.0 -139.5 3452
4 Max Mx -285.4 -139.1 -1512.0
5 Max My -185.1 237.0 -1271.1
6 Max Mz -332.8 74.1 -1328.5
Aerodynamic Inertial moment
Case load Mx [Ibf-ft] My [Ibf-ff] Mz [Ibf-ft]
1 Max Fx -4305.2 1752.2 2147
2 Max Fy -5282.8 -802.1 2573
3 Max Fz 7193.0 1279.5 -152.4
4 Max Mx 7913.1 -12652 -124.8
5 Max My 4196.7 -3495.8 66.5
6 Max Mz -5282.5 -1736.1 286.3

[Focin 8

Number of elements: 784,118

Fig. 8 Finite element method analysis model

Table 8 Store material

Subject Materials
Main structure A7075-T651
Sub structure A6061-T651
Skins A5052-H32
Main joint part STS630-H1025

Qs S 7|Hlo 8 ARMEo| vk A ]

Fig. 9 Resonance exploration modal test configuration

Resonance Exploration Modal Test Result

114.7 Hz (XY plane)

Resonance Exploration FEM Analysis Result
109.0 Hz (-4.9%) (XY plane 1% bending)

Y

o— X

Fig. 10 Compare ODS between modal test and FEM analysis

Table 9 Static load analysis result

Load case Maximum Tensile Yield load
stress [MPa]  strength [MPa] factor of safety

Max Fx 227 505.0 222

Max Fy 268 505.0 1.88

Max Fz 276 505.0 1.83

Max Mx 292 505.0 1.73

Max My 325 505.0 1.55

Max Mz 318 505.0 1.59

shgol ofgt 7 AL B 919
51911, o] that A7Hs Table 9} 2.
4 gaE Aol Fig 113 Lol 43 7209 o
ol gelo] WEHh ol FHBo| X%
Faolol Ao 2 Fel i A
Ak Aol 9l] W] T shEe
99S A0 o] SHT,

e NS 5

1 &S 515 F2

A& Y] g7l BatEe Arkae F dvieh 1e



618 / August 2025

D.Lo

23000

50302 ¢l

Fig. 11 Static load analysis result (Y-Axis)

Table 10 Dynamic load vibration profile

Frequency [Hz] PSD level [¢/Hz] ~ GRMS
10 0.001042
Random 100 0.010 420
1.828
300 0.010 420
500 0.001 042
Frequency [Hz] Acceleration [g]
Main Rotor RPM 0.045 500
Sine 1 Harmonic 1.290 000
tone
2™ Harmonic 1.875 000
3" Harmonic 1.125 000
Total
GRMS 2.563
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Table 11 Dynamic load shock profile

Saw-tooth pulse

Functional

shock Peak acceleration [g] Pulse duration [ms]

20 11

Table 12 Resonance frequency check

Sine Frequency Mode Resonance
tone [Hz] number frequency [Hz]
1% peak 43 - -
2" peak 17.2 - -
34 peak 34.4 - -
- - 1* mode 43.6
4% peak 51.6 - -
- - 2" mode 87.0
- - 3" mode 100.8
- - 4" mode 185.9

4.7288
41377
3.5466
2.8555
2.3644
1.7733
11822
0.59109
0 Min

.
0.00 300.00 (mrm) L—. !
)

150.00

Fig. 12 1* Modal analysis result
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Table 13 Dynamic load analysis result (Vibration)

Axis Maximum Tensile strength Yield load factor of
stress [MPa] [MPa] safety
X 164.2 195.0 1.19
Y 269.4 505.0 1.87
4 118.5 505.0 426

Table 14 Dynamic load analysis result (Shock)

Axis Maximum Tensile strength  Yield load factor of
stress [MPa] [MPa] safety
X 139.7 195.0 1.40
Y 231.0 505.0 2.19
V4 77.6 195.0 2.51

260.37 Max
23044
208.51
179.58
148.66
119.73
80.795
59.865
20936
0.0057903

z

0.00 700.00 (mrm) )(k Y
 —

350.00

Fig. 13 Dynamic load analysis result (Vibration, Y-Axis)
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