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Ground Vibration Tests of SmartUAV Airframe Structure
Byoung-Hee Jeon*, Hui-Won Kang*, Jung-Jin Lee** and Young-Shin Lee***

ABSTRACT

This paper describes the test procedure, instrumentation, verification methodology
and the results of the ground vibration test(GVT) and force vibration test(FVT) of the
SmartUAV aircraft to estimate experimentally dynamic characteristics of the aircraft.
Bungee cords are used to emulate free-free boundary conditions of the test aircraft.
The SmartUAV is excited by three shakers and one-hundred frequency response
functions(FRF’s) is measured. The FRF's are reduced and analyzed to identify the
dynamics parameters of the SmartUAV. To extract modal parameters of the SmartUAV
such as, natural frequencies and damping ratios, the poly-reference least square
complex exponential method is used in the time domain. The mode shape coefficients
are estimated with the least squares frequency domain method to identify the
vibration modes. The FVT was performed by fixed sine frequency with three shakers
on the x, y and z direction and vibration characteristics of structures and detail
equipments are measured.
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Fig. 1. Photo of GVT for SmartUAV
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Table 1. Number of response points for GVT
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Fig. 3. Response points of GVT

Fig. 4. Configuration of vibrator
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Table 2. Vibration forces
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Table 3. Comparison between test and FEM

(e+9l:H2)
=Y EESEIN
£ | mental
1 8.24 9.91 | Wing 1* Bending
2 | 1093 | 13.1 | HT Vertical 1% Bending
3| 2162 - -
4 | 2927 - | Fuselage 1* Bending
5| 5326 - -
6 | 6365 - | HT 1¥ Bending

(b) HT Vertical 1st Bending

(c)Fuselage

1% Bending

(d) HT 1st Bending
Fig. 13. Mode Shapes of GVT
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Table 4. FVT condition
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Table 5. Sensors for FVT

MM
CH. ID a5t 2R
1 |E1-X +X | EWD Right Engine Bracket
2 |E2-Z +Z | FWD Right Engine Bracket(incline)
3 |E3-Z +Z | AFT Engine Bracket
4 | CGB1-X +X | CGB &= Bracket - FWD  Left
5 | CGB2-Z -Z | CGB &=} Bracket — AFT  Right
6 | DGNS-LX +X | Left DGNS-XDir
7 | DGNS-LY =Y | Left DGNS-YDir
8 | DGNS-LZ +Z | Left DGNS-ZDir ) . .
9 | DGNS-RX +X_ | Right DGNS—XDir (c) Z-axis direction
10 | DGNS-RY -Y Right DGNS-YDir F|g 14 PhOtO Of FVT
11 | DGNS-RZ +Z | Right DGNS-ZDir
12 | DGNS-PL +Z | DGNS &=t Plate 33 A| I%=-I| % j|_|.
13 | CAM-F1-Z +Z | Camera &= Frame Center
14 | CAM-F2-Z +Z | Camera &=F Frame Left Fig 155 AnEERY] AAAZATL Zl:sg
L & A7E Ui Belth 267 Hz2 7139 7
17 | FS40 FRAVEX | +X | FS430 Frame X Dir — Center % HW-S =2 NAC2000F A 076 geolal, 800
18 | NAC1800C -Y | Nacelle Upper Frame Center HzZ 7F249 A% NAC2000A°]A 0.98 go]‘:’q
19 | NAC2000F +Y | Nacelle Upper Frame FWD i 943] %%"Oﬂﬁt 01 g o] o]_ 17,(1-‘0_ ﬂ]“,i_]fé
20 | NAC2000A +Y | Nacelle Upper Frame AFT 7:” E] l:]_ 7(}}1];3 = }‘]_Eﬂn Oﬂ ‘:H ?:51_ A _7,]. = ;ﬂ iﬂ Z:]l
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X Br&f 157.8 | 156.4 | 100.1 | 96.0
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(b) Y-axis direction Fig. 15. Results of FVT
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