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A Study of Small UAV Throwing Take Off Standard Setting
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Abstract Unmanned aerial vehicles have various shapes and sizes depending on their use. Small
unmanned aerial vehicles are easy to store and lightweight, so they are used for various purposes. Even
in small unmanned aerial vehicles, fixed-wing aerial vehicles used a throwing take-off method to
increase their utility. The throwing take-off method allows an aircraft to take off even in a narrow space.
However, this method is unstable. The aircraft under study has also experienced take-off accidents in
various forms. Therefore, this study was conducted to set the standard for throwing take-off to prevent
throwing take-off accidents. First, the stall and take-off speeds were analyzed based on the aircraft
specifications. Based on this, the throwing take-off range was set by theoretically analyzing the take-off
speed according to the roll and pitch angle. Next, the flight data recorded on the successful and
unsuccessful take-offs were extracted and analyzed. The validity of the throwing take-off range setting
was confirmed by a comparative analysis of each analysis result. Based on the results of this study, the
range for the throwing take-off was designated and applied to the operation, and it was possible to
prevent the throwing accident in advance.
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Table 1. Take off failure status

UAV No Phenomenon
1 Excessive roll during take off
2 Roll not restored during take off(Unstable)
3 Stall caused by low take off speed
4 nose lifted with rapid acceleration
5 Loss of control of the aircraft due to excessive
pitch up

= ubay

neIgg7]e) £
o] 9
R E DR

oo & AFolM= &
Sk *é%, A
Ll = SE e 60%71011

FEfOlA o1l *é* 9 dufist
—E—@%}F’JP ﬁiﬁ} olE A & C’Jf’&%ﬂ
-§5to] HIPA S olF
l Aol mHE olF &9 71

ol&

30 19 rr e
N

o opy 2§

& rm

o

o, o

87

34 gk 44 12S JoR A4 olge] 43
sl o] SlolEle} o) Fo] Al HyH el Holeg &
Z 3 0|5 AFOINY Aol HE Bl BHle] o]F &
% 7% B4 dui] gt BeAe ASSIA ak
94 A% T B4 AN veto s B3 o8l &

RQ937] ol% W9lE gstel A3 olFe]

‘H?L gl 23 FAFS7= FA7F oF 3.5kg
AF37101H vPAl= Fig. 13 2t

Fig. 1. Small UAV
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Table 2. Small UAV spec

Specification Percentage
Leng X width X height 1.4 x 1.8 x 0.2 (m)
Weight 3.5 (kg
Wing Area 0.455 (m%
Airfoil SD7032
Crmaz 1.432
Take off type Hand Launch
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Fig. 2. Flight control computer
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Fig. 3. Take off data
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Table 3. UAV data at take off point

Take off success

UAV Roll(®) Pitch(®) Airspeed(km/h)
1 -3.86 13.36 44.79
2 -4.50 23.83 41.99
3 -3.66 21.97 42.75
4 3.05 30.40 42.17
5 -0.57 22.44 45.24
6 -5.63 26.87 41.92
7 -2.86 21.40 41.85
8 -2.27 22.42 42.27
9 5.17 18.97 41.82
10 -0.80 11.70 45.97
11 4.20 15.19 41.25
12 1.36 18.92 41.47
13 -1.67 18.37 40.99
14 5.76 19.16 41.10
15 3.76 12.21 41.05
16 2.42 21.32 41.94
17 5.44 24.99 41.56
18 -7.08 10.04 42.19
19 2.51 16.03 41.11
20 9.89 17.69 41.98
Take off failure
21 -14.28 20.22 48.19
22 10.98 20.49 37.10
23 -3.667 36.23 29.25
24 3.13 10.14 37.57
25 9.53 32.72 34.16
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Table 4. Take off speed(Roll)

Roll(®) Safe take off speed(km/h)
+0 40.09
+5 40.17
+10 40.40
+15 40.79
+20 41.36
+25 42.12
+30 43.08
+40 45.81
+50 50.01
+60 56.70
+75 78.91
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Table 5. Take take off speed(Pitch)

Pitch(®) Safe take off speed(km/h)
4 71.44
6 58.69
8 51.22
10 46.25
12 42.82
14 40.70
16 40.07
18 40.13
20 40.78
22 42.10
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Fig. 4. UAV take off speed data(Roll)
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Table 6. Take off Range

Element Roll Pitch Speed

Safe zone -5° ~ +5° 14° ~ 20° > 40.09km/h
Unstable zone| -10° ~ +10° 9° ~ 30° > 40.09km/h
Danger zone - - < 40.09km/h

—Take off Speed(Pitch)

—Take off speed(Roll)

Unstable zone

Pitch(%)

Danger Zone Safe zone Cautionary zone 0
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30 £ a0 as 50 55 60 65 70 75
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Fig. 6. Take off range
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Table 7. UAV take off data

UAV Roll(®) Pitch(®) Airspeed(km/h)

1 -4.65 25.33 41.40

2 -3.67 21.97 42.75

3 3.41 28.17 43.49

4 1.46 20.42 48.85

5 0.04 21.05 48.05

6 -9.02 19.41 44.35

7 -0.36 15.18 43.92

8 -2.82 15.57 43.71

9 -1.56 26.48 46.71

10 -1.56 15.03 46.80

11 -3.40 17.15 44.05

12 -6.30 17.45 46.04

13 -0.42 10.79 45.60

14 1.28 14.61 45.63

15 -2.63 18.96 46.45

16 -4.12 24.69 46.37

17 -3.86 13.36 44.79

18 5.17 18.97 41.82

19 4.78 22.87 42.11

20 8.12 19.99 44.71

Avg 3.43 19.37 44.88
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