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ABSTRACT

For drone to be used in fields such as agriculture and industrial
transportation, Large payload and endurance are required. However, current
battery technology has limitations in technology and cost. First, if the size
of the battery is large, the cost is increased rapidly, and it is required
technology to quickly charge batteries and to store the battery safely.
Further, Replacing the batteries may not be a practical solution in
continuous operation than refueling of the internal combustion engine. In
this paper, a procedure to optimize the drones’ power system using a
hybrid propulsion engine combined with an internal combustion engine, a
generator, a battery, and an electric motors is presented. A drone with a
take—off weight of 200kg was selected for transport and operation by
truck.

The two main rotors connected mechanically to the internal combustion
engine lifts most of the weight of the drone, and a system for controlling
by an auxiliary rotor driven from the generator connected to the internal
combustion engine was made. The propeller model, motor model, motor
speed controller test data, and engine test data were used to analyze the
energy flow of the drone. The power coefficient and thrust coefficient of
the propeller were obtained by using test data provided by the
manufacturer of product.

A methodology to select the combination of the motor and the propeller
that requires the minimum engine power and a procedure of finding the

operating point and the gear ratio of generator and engine are presented.

Keywords : Parallel—Hybrid, BLDC Motor, UAV, Power Optimization
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* Hover Time
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2.8 FEE FEY SR E
KDE7208XF—135 | KDE7208XF—110 | KDE7215XF—135 | KDE8218XF—120
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Parameter | Description Value Unit
P, Power consumption of sprayer 100 W
Py Power consumption of FCS 200 W
P, Power consumption of control surface 50 W
NESc Efficiency of ESC 0.9
Npus Efficiency of PMS 0.9
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2.3. B 2 ¢ F+ =H
2.3.1. =249y 24

T
Cr= (8)
g pn2D4
P
Cp e (9)

J= (10)
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¥ 10 =24y 54
D Cp

Propeller N Crp
(inch) 90% 95%
24.5°" X 8.1 Dual 24.5 2 0.0721 0.0176 0.0186
24.5°° X 8.1 Triple 24.5 3 0.0938 0.0267 0.282
24.5°" X 8.1 Hex 24.5 6 0.1361 0.049 0.0505
27.5°" X 8.9 Dual 27.5 2 0.0698 0.0166 0.0176
275" X 89 Triple 27.5 3 0.0912 0.0248 0.0262
27.5° " X 8.9 Hex 27.5 6 0.1295 0.0456 0.0481
30.5°" X 9.7 Dual 30.5 2 0.0727 0.0173 0.0182
30.5°" X 9.7 Triple 30.5 3 0.09 0.0234 0.0247
30.57" X 9.7 Hex 30.5 6 0.1295 0.0437 0.0461
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2.3.3. & =¥

T ZHy Fusdl14]19 F 2H FEATS sE€HATE AHESH Y =
E] E#o]=% Blade Element Momentum Theory (BEMT) 7S AFg3&to] A7
H lor AARHE B =l uFA ot HAA A3 gk ofdl & 119

ol
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MR 7IAAOE AAE F+ ZE= WS ZX7F §lvkd RPMeo] 474
g dd, AA 8 3] AdlAE Tles A F ZHA gxE pEd 5 9l
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Parameter Value
N, 4
m 200
D, 1.5
cr 0.0965
Cpy 0.0263
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2.4. A% A9 719H
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Parameter Description Value
My, Efficiency from engine to rotor 0.9
s, Efficiency from engne to generator 0.9
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2.5. A43 A=

ke
—

3 7ZF BE| diste, A FHE Hxsbels ZEAeel HE =2E F
g 23e 2 Jolth BE B dia R 5 7PE Aol & ZrHr A
04, 2 mEd d& HZHo Bz Y FEe 27 ugkth KDES218XF
—120 BLDCRH ] 4 399 o] 298t} n|AstA 2 Ao verstt

¥ 13 ZEE 7MY a4 =3

Motor Propeller Load (kg) Power (hp)
KDE7208XF—-135 30.5" X9.7 Dual 7 45.2
KDE7208XF—-110 30.5°" X9.7 Dual % 45.2
KDE7215XF—-135 30.5" X9.7 Dual 3 44.3

30.5°° X9.7 Dual 10 43.8
KDE8218XF—-120
30.5°° X9.7 Triple 10 43.8

w, ¥ AdRAREo] gasts e @40 5 Uk wekAd o] =3 ¢ 6400
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Specific fuel consumption Contour

RPM  : 6400
Torque : 48.71 Nm
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KDE8218XF-120
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30.5°°X9.79] B¢ 2993 3%0] X A= zxol7t gl olfe ZEE
217F MAA 7 s U vldy] el vt T AL zoldE A
30.5°°X9.7 2§19 A% 3l s AR/ 3A A= wskom, Aol 2.7V #%k
o}, ok AAAFIE W& ESCE AgsioF strhd 30.5°°X9.7 2918 AHEsha,

AZ7F Asks T3] =4 AN ZIA ZEH, 30.5°°X9.7 3¢5 AHEshe Al

(22

Motor Propeller Load(kg) | RPM G, G,
KDE7208XF—-135 | 30.5° " X9.7 Dual - 6600 2.93 1.73
KDE7208XF—-110 | 30.5° " X9.7 Dual 7 6600 2.93 1.72
KDE7215XF—-135 | 30.5° " X9.7 Dual 8 6500 2.92 1.82

30.57 " X9.7 Dual 10 6400 2.95 1.73
KDE8218XF—-120
30.5"" X9.7 Triple 10 6400 2.95 1.88
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KDE7208XF-110
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Specific fuel consumption Contour
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Thrust Coeffiecient
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Thrust Coeffiecient
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