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Research of Vibration Analysis and Resonance Avoidance Design of
Composite Quadcopter

Sang-Ryul Kim*, Wie-Dae Kim*"

ABSTRACT: In this research, the vibration characteristics of composite quadcopter are analyzed, and avoidance design
and analysis are performed to avoid resonance. The full platform of a commercial quadcopter with composite rotor
arm is analyzed to see the vibration characteristics using FEM program. The manufactured stacking sequences of rotor
arm is used for analysis, and the natural frequencies are compared with experimental results and simple analytic
model results. It is also confirmed that the natural frequency of the particular mode is included within the operation
range of the motor. The resonance avoidance design is carried out by selecting three variables from the existing
model: stacking sequence, rotor-arm pipe length, and pipe thickness.
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Fig. 4. Cross section of composite pipe

Fig. 5. Cross-section image of composite pipe

Table 1. Material properties [8]

AGP370-5H/
AS4D/931 Al6061
S4D/9310 3501-6S 606
Density 0 (g/cm’) 1.52 1.50 2.70
E, 1339 | E, 77.0
Young’s modulus
E 7.7 E 75.0 68.9
E (GPa) 2 2
E, 7.7 E, 13.8

v, | 0301 | v, | 0.060
v, | 0301 | v, | 0500 | 035

Poisson’s ratio

v
v, | 03% | v, | 0370
Gy, 43 Gy, 6.5
Shear modulus
G 43 G 5.1 -
G (GPa) 13 13
Gy, 2.8 G,, 41
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Table 2. Natural frequency and mode shape

Table 3. Comparison of test and analysis results

Mode Natural frequency (Hz) Mode shape Reference ) Error
Mode 1 30.647 X, y axis 1* bending Model Analysis | Experiment Analysis (%)
Mode 2 40.275 x axis 1* bending Model (Hz) 29.51 28.10 30.647 9.06
Mode 3 40.276 y axis 1* bending Mode2 (Hz) 39.62 38.40 40.275 4.88
Mode 4 52.450 +z axis 1* bending Mode3 (Hz) 39.62 38.40 40.276 4.88
Mode 5 119.74 z axis 1* bending Mode4 (Hz) | 63.37 58.30 52.450 10.0
Mode 6 162.95 z axis 2" bending Mode5 (Hz) - - 119.74 -

Mode6 (Hz) 158.32 148.00 162.95 10.1

s

Fig. 6. 5" mode shape
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Table 4. Change of stacking sequence

Case Stacking Mode | Mode | Mode | Mode | Mode
sequence 1 2&3 4 5 6
1 (W][0], 34.49 | 4518 | 62.28 | 1285 | 161.0
2 [W][90], 22.06 | 29.10 | 34.58 | 85.49 | 1155
3 | [W][45/0/0] | 33.68 | 44.19 | 58.02 | 124.2 | 161.8
4 [W][0/45/-45]¢ | 31.01 | 40.76 | 51.31 | 115.5 | 159.1
5 | [W]0/0/90]; | 32.35 | 42.44 | 56.52 | 122.3 | 158.7
6 | [W][0/45/90]g | 29.91 | 39.33 | 49.51 | 113.0 | 157.9
7 [W][90/0/90]5 | 28.76 | 37.81 | 48.00 | 110.8 | 155.4
8 | [W][0/90/90]¢ | 28.74 | 37.79 | 48.00 | 110.7 | 155.2
9 | [W][45/-45/90]¢ | 25.83 | 34.04 | 40.95 | 98.52 | 154.4
10 | [W][45/-45/45]¢ | 25.72 | 33.89 | 40.55 | 97.72 | 154.4
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Fig.7. 5" mode frequency according to stacking sequence
change
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Table 5. 5" mode frequency according to pipe length

Pipe length
'peieng 390 | 400 | 410 | 420 | 430 | 440
(mm)
Mode 5 (Hz) | 119.7 | 117.7 | 115.5 | 113.4 | 111.1 | 108.8
Pipelength | o0 | 40 | 470 | 480 | 490 | 500
(mm)
Mode 5 (Hz) | 106.5 | 104.2 | 101.9 | 99.54 | 97.23 | 94.95

Table 6. Weight according to pipe length

Pipe length (mm)| 390 400 410 420 430 440
Pipe weight (kg) | 0.077 | 0.079 | 0.081 | 0.083 | 0.084 | 0.086
Total weight (kg)| 1.954 | 1.962 | 1.970 | 1.978 | 1.986 | 1.994

Pipe length (mm)| 450 460 470 480 490 500
Pipe weight (kg) | 0.088 | 0.090 | 0.092 | 0.094 | 0.096 | 0.098
Total weight (kg)| 2.002 | 2.009 | 2.017 | 2.025 | 2.033 | 2.041
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Table 7. 5" mode frequency according to pipe thickness

Pipe thickness (mm) | 1.000 | 1.250 | 1.500 | 1.750 | 2.000
Mode 5 (Hz) 119.74 | 124.21 | 127.68 | 132.10 | 136.01

Pipe thickness (mm) | 2.250 | 2.500 | 2.750 | 3.000 -
Mode 5 (Hz) 140.01 | 144.04 | 148.01 | 152.00 -
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Fig. 9. Natural frequency according to pipe thickness

Table 8. Weight according to pipe thickness

Pipe thickness (mm)| 1.000 | 1.250 | 1.500 | 1.750 | 2.000
Pipe weight (kg) 0.077 | 0.092 | 0.106 | 0.121 | 0.136
Total weight (kg) 1.954 | 2.014 | 2.072 | 2.132 | 2.191

Pipe thickness (mm)| 2.250 | 2.500 | 2.750 | 3.000 -
Pipe weight (kg) | 0.150 | 0.165 | 0.180 | 0.194
Total weight (kg) 2.249 | 2308 | 2.367 | 2.426 -
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