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Power System Optimization for Electric Hybrid Unmanned Drone

Jung-Hwan Park', Hee-Gyeong Lyu” and Hak-Tae Lee’
INHA University

ABSTRACT

For drones to be used for industrial or agricultural applications, it is necessary to increase
the payload and endurance. Currently, the payload and endurance are limited by the battery
technology for electric powered drones. In addition, charging or replacing the batteries may not
be a practical solution at the field that requires near continuous operation. In this paper, a
procedure to optimize the power system of an electric hybrid drone that consists of an internal
combustion engine, a generator, a battery, and electric motors is presented. The example drone
for crop dusting is sized for easy transportation with a maximum takeoff weight of 200 kg.
The two main rotors that are mechanically connected to the internal combustion engine
provides most of the lift. The drone is controled by four electric motors that are driven by the
generator. By analyzing the flow of the energy, a methodology to select the optimum propeller
and motor among the commercially available models is described. Then, a procedure of finding
the optimum operational condition along with the proper gear reduction ratios for the internal
combustion engine based on the test data is presented.
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Nomenclature
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Table 1. Generator Parameters 1
220 i
@
Parameter Value 200 HE LI L) 07
k, 0.0707 180 : SR 0% =
R, 0.0143 160 i 1°7 =
koq 0.1414 : 140 B 10.6 i:/
= 120 J c =
k 5e-6 z ; % G 105 &
L & 100 gy = los 2
222 WHI| =Y ¥ Seties 03 =
60 e,
Bz mae mdod gy FHo| Wi i :ciitieee 00 02
HE Agoz, /2 By WHe my mds 013%:}3»* ; 01
FU3Ih 2 @)olAst ol wvle) 4 East @32

npEE QAR &4 A7t dAT|He o8 gt

(4)

03 E39] mde] wtebd mEe] S4o] 2l
o Fig. 49 2ol AAl 4% AnHelsh FAE 54,
% mgol AUyt H= HASe EZ Yool
Island$} 2o] FastA el SialAE 3150
detel 4 ()9 2o Had 23 F4= wdol
fojo} @tk 4FFe AA wE, 13 G ol
o 75 Aol o nh, 23 23 G wE 3
Aol F71AHG o vhdo] o Alelga ¥
% Q7.

Qf,m - k(],m + kl,mwm + k2,mw72n (5)

mHe E&e 4 (6% 2ol 28 FHL 4 B
Hoz oz grolth UAl AATHeIAE 24
& F3lel Boh W v1F Ede E4L wdY
¥ 5 o B ATAE Foldl wE A¥e
oz mEE A3 sl FHol 7] W,
FHFe BE 4% WA IALES A3

n (1000 rpm )

Fig. 4. E-flite Park 480 Motor Efficiency Map [6]

zAst RE BHL 4% Aass 2ES g
Aot HAESS 2A FoEA, des] a8 o
2 ARHE o] ohm Yulx SYrete] wjHo|
14 sE mEZE ddd & o
Qmwm
Nmotor V. I (6)

AWz o2 FE A A A
Hed, ols ugoz 2 (7)%
3t B}, k& Tt 134 I3
Fv HHE3] 2H3ld ZE EEHA gistd
"&o] 90.6%7F HES AT A RAA AFTE
R=R=)

ey

.
9
i
it
o
<y

23}

N
£ o

4% dHl°lH, k,, R, L, 3 B AFoNA =43
A<, k, K, k, <= Table 20 29F% o] Ut}
ko, = @)

4719 X ZE 9 a
el 9tk &8 90% 31

Table 2. Motor Parameters

KDE720 | KDE720 | KDE721 | KDES821
8XF-135 | 8XF-110 | 5XF-135 | 8XF-120
k, | 00707 | 00868 | 00707 | 0.079
R, | 0113 0.171 0.057 0.037
I 0.4 0.4 05 08
ko | 00283 | 00347 | 00353 | 0.0637
ky 1e-6 1e-6 1.46e-6 | 2e-6
ky 1e-7 8e-8 | 3.15e-7 | 6.7e-7
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Table 3. Electrical System Parameters
£ 3r
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P
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Fig. 7. KDE7215XF-135 BLDC Motor Map neus | Efficiency of PMS 0.9
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Table 4. Propeller Coefficients

D °p

Propeller (inch) N Cp o0 o5,
245" X 8.1 Dual| 245 | 2 | 0.0721 | 0.0176 | 0.0186
245" X 8.1 Triple| 245 | 3 | 0.0938 | 0.0267 | 0.282
245" X 8.1 Hex| 245 | 6 | 0.1361 | 0.049 | 0.0505
275" X 89 Dual| 275 | 2 | 0.0698 | 0.0166 | 0.0176
275" X 89 Triple| 275 | 3 | 0.0912 | 0.0248 | 0.0262
27.5" X 89 Hex| 275 | 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 | 0.0900 | 0.0234 | 0.0247
30.5" X 9.7 Hex| 305 | 6 | 0.1295 | 0.0437 | 0.0461
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Table 5. Main Rotor Parameters

Parameter Value
N, 2
m 200
D, 15
Cry 0.0965
o 0.0263

Select prop & Aux. prop load -

Get thrust & power
coefficient

Motor map &
. - -
operating point

Designed main

> Aux. del
L. prop moce rotor model

¥

Motor model
& consider ESC efficiency

¥

Power estimated in PMS
with etc. control devices

¥

| Generator model

Engine dynamo &
h - -
operating line

Engine model
& consider transmission devices

Is the lowest engine
power required?

Select engine RPM

_ Gear ratio & .
Specific fuel consumption

Fig. 11. Power Calculation Flow Chart
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Table 6. Mechanical Element Efficiencies €2 o2 A Jehd

Parameter Description Value

M. Efficiency from engine to rotor 0.9

Ty Efficiency from engine to generator| 0.9

9

T AEAT AN A AA Aedles A4S F
3l 1 g ol &stoof ot dAXolA AEd ol

29| HFEEL Table 69 AAE S YTt
2.5 =™zt 23

4£ﬂ TES, 9% Zzdy, I8 REx ZH
o] F¥E& 05914 12kg7HA 0.5kg TH= HIAIA
ZF 86471A 9ol s dHe = An%FH A4kst
Atk 2 ZEC diste, AR FEHE HadsEe
zzde mdd g Bz 2y F¥o =S
Table 70| Lkttt RE ZEO O&] FRF9
z2Hy F AAo] /g & Z2Her AEYEAS

< FAY 5 gou, Aze mHd sl HH ol >

Table 7. Propellers and Loads for Lowest
Power Consumption

Motor Propeller Load(kg) | Power(hp)
KDE7208XF | 30.5" X9.7
-135 Dual 7.5 44.6
KDE7208XF | 30.5" X9.7
-110 Dual 8.0 S
KDE7215XF | 30.5" X9.7
-135 Dual 85 44.3
30.5" X9.7 9.0 440
KDE8218XF Dual
-120 "
30.5. X9.7 9.0 440
Triple

Specific fuel consumpnon Contour
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Fig. 12. Engine Operation Point
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