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Ground Vibration Test of Fuel Pylons for Fixed-wing Aircrafts
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ABSTRACT

The ground vibration test is a method of experimentally obtaining the dynamic characteristics of a

structure, such as the natural frequency and natural vibration mode. It aims to verify the reliability

of the numerical analysis model by comparing the numerical analysis results with the ground vi-

bration test results or improve the numerical analysis model by reflecting on the test results. In this

study, the reliability of the numerical analysis model of the fuel pylon for an aircraft was verified

by comparing the natural frequency and natural vibration mode of the fuel pylon obtained through

the ground vibration test and numerical analysis. This study describes the main test equipment used

to perform the ground vibration test, test set-up, and test model to verify the natural vibration mode

of the specimen. After setting up the ground vibration test, the points at which the main vibration

modes are well excitable were determined through a preliminary test. Accordingly, the dynamic re-

sponse data were collected at the corresponding points by providing excitation with an impact

hammer. Finally, a frequency response analysis was performed on the response acceleration acquired

from the accelerometer to identify the natural frequency and natural vibration mode of the specimen.

Subsequently, the reliability of the numerical analysis model of the specimen was verified by com-

paring the ground vibration test results with the natural frequency and vibration mode calculated

through the numerical analysis using the finite element model.
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Fig. 1 Test set-up for GVT of fuel pylon
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Table 1 Stiffness of bungee cord for GVT

Dteiiar 218 mm| 220 mm Note
Item
Initial length (m) 3
Force (N) 339.6 Requirement for less
Strain 0.26 0.21 than half of 1st
- frequency
Stiffness (N/m) 691.7 856.4 . K<7.471.506 N/m
Total stiffness
(N/m) 1548.16

Table 2 Test equipment for GVT

Equipment Specification Configuration
* Measuring range,
2 bit x 24 bit
ADC@200 kHz
Dewetron, * Highest channel
Sirius DaQ count, 1 bit x 24 bit

ADC@200 kHz
* High bandwidth 16 bit
ADC upto 2 MHz

Accelerometer

(PCB .

Piezotronics,
356A15)

Sensitivity
: 100 mV/g

Impact hammer |*
(Dytran, 5803A)

Sensitivity
: 1.085 mv/N

j

AR A S-S ddste] AlFA Y af W
o] A8+ Alg R (test model)S A3

Fig. 62 AlgAlol] 7E2AS A8 & 7147
Aol &5 HlolH g5 of AAste] ARIEAE 5
P A AFEAA7 dud FEHE BT

Data Acquisition System

-
Signal Processor

Fig. 3 Test configuration diagram for GVT
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Fig.5 Test model of fuel pylon for GVT

Fig. 6 Completion of preparation for GVT
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Fig. 9 Finite element model of the test specimen

A | o NV, | AN - Table 4 Material property of FEM
] ! £
0 ! ! 5
{ 9400z {15970z 207.8Hz ) Material Elastic modulus [MPa] | Density [kg/mm’]
00 ! i &
¥ 100 10 A = Al7050-T7451 71016 2.823x10°
(¢) Coherence Al2024-T81 72395 2.768x10°
Fig. 8 Results of frequency response analysis Al6061-T6 68257 2.712x10°
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Table 5 Error value of the main vibration mode

Mode N GVT | Analysis | Error
No. Vibration mode (Hz) (Hz) %)
1 Bending 94.0 91.7 2.4
2 Torsion 159.7 155.4 2.7
Mixed
3 (bending-+torsion) 2078 195.5 39

Table 6 Mode comparison between analysis and GVT

Mode

No. FEM result

Test result
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