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 Introduction

◼ Why Solar?

Power conditions of solar drone

◼ Power consumption of drone

◼ Power generation of solar cells

Solar quadcopter

◼ How to achieve longest flight: 3 hours 28 minutes?

Solar fixed-wing

◼ How to achieve longest flight: 3 hours 23 minutes?

Conclusion 2



INTRODUCTION

Liquid Fuel 

◼ High energy density for long flight time 

◼ Explosive, very dangerous 

Battery 

◼ Safe 

◼ Limited capacity, short flight time 

◼ Typically less than 30 minutes
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INTRODUCTION

Fixed Wing 

◼ Needs runway 

◼ Consumes less power 

Copter 

◼ Takes off and lands vertically, easy to use 

◼ Consumes more power 

◼ Much more user-friendly
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Market share 
(Equity Research) 

Fixed Wing

Quadcopt

er

Copter animation source: https://dribbble.com/shots/1771066-Quadcopter



POWER CONSUMPTION OF DRONE
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Two opposite effects could 

happen:
◼ high-spinning speed 

making the air stream 

more directional, so 

increasing efficiency

◼ increased temperature of 

motors decreasing the 

overall efficiency



FLIGHT TIME VARIATION WITH BATTERY CHARGE
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◼ For a battery, the energy E is 
proportional to its weight Wb, E 
= kWb, with k approximately 
equal to 0.2 Wh/g

◼ the flight time does not always 
increase with the battery 
energy because the consumed 
power super-linearly increases 
with the total weight of the 
copter.



EVALUATION OF FLIGHT TIME WITH SOLAR
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◼ Flight time increases 

as the ratio of power 

from sunlight 

increases

◼ The extended factor 

becomes significant 

when the ratio is 

above 90%.



POWER GENERATION FROM SOLAR 
MODULES
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◼ (a) shows necessary thrust, curves

◼ (b-e) show hypothetical power 

available from solar modules with

different PWR

◼ line (f): experimental power 

variation for a 2230-g solar-

quadcopter operated under solar 

power only, with huge fluctuation, 

◼ line (g): the power range of a 2350-

g solar quadcopter operating under

varying sun orientation on 

September 19, 2018 at a 

latitude of 24.5 o. 



PRACTICAL POWER CONSUMPTION 
OF DRONE
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◼ (a-c) shows necessary thrust of

quaadcopter for different 

power increasing factor, 

depending on the copter‘s

configuration, flight attitude, 

wind, ...etc.

◼ (d) available power from solar 

module.

◼ Only (a) and (b) intersect

(d), indicating sufficient

power.



SOLAR QUADCOPTER

Electrical Spec

5s: 18.5~21.0V

6s: 22.2~25.2V

Solar cells have to be wired to match the
voltage

5s : 38 5” Si solar cells in series, 2 in parallel

6s : 43 5” Si solar cells in series, 2 in parallel
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SOLAR MODULE I
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5s: 38 5” Si solar

cells in series,

2 in parallel



SOLAR MODULE II
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6s: 43 Si 5” solar
cells in series,
2 in parallel



QUADCOPTER WITH SOLAR MODULE
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FLIGHT TIME

Lan & Liao’s
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#1 #2 #3 #4

Solar Module Power 240 W 160 W 210 W 81 W

Total Voltage 3s (12V) 6s (24V) 6s (24V) 5s (20V)

Frame Weight 1300 gw 740 gw 1100 gw 520 gw

Solar Module 

Weight
1100 gw 510 gw 700 gw 310 gw

Frame Size 1300 mm 1200 mm 1200 mm 700 mm

Propellers
15” Carbon

Fiber

1555 Carbon

Fiber
18” Foldable

14” Carbon

Fiber

Longest Flight Time 12 min 71 min 140 min 98 min



FLIGHT TIME

CK’s

15

A B

Solar Module Power 235 W 266 W

Total Voltage 5s (20V) 6s (24V)

Frame Weight 1330 gw

Solar Cell Pieces 76 86

Solar Module Weight 905 gw 1024 gw

Total Weight (w/o battery) 2235 gw 2354 gw

Frame Size 1600 mm

Propellers 18”



FLIGHT TIME
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A-1 A-2 A-3

Solar Cell Pieces 76 76 76

Battery
5s 350 mAh

(Recharge: 179 mAh)

18350 5s1p 1500 mAh
(Recharge: 977

mAh)

J: 5s2p 6.4Ah

Battery Weight 62.5 gw 148.5 gw 517 gw

Flight Time with

Hybrid Power
1 hr 1 min 13 sec

2 hr 0 min 14
sec

2 hr 25 min



FLIGHT TIME

CK’s
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B-1 B-2 B-3

Solar Cell Pieces 86 86 86

Battery H: 6s 1040mAh I: 6s 260mAh K: 18350, 6s1p 881mAh

Battery Weight 200 gw 98 gw 168 gw

Flight Time with

Hybrid Power
2 hr 4 min 40 sec 1 hr 20 min 6 sec

3 hr 28 min 41
sec

Flight Time with

Battery Only
7 min 56 sec 2 min 56 sec 4 min 17 sec

Factor of

Extension
15.7 27.3 48.7

Remark
cloud comes at around 

115 min

cloud comes at around 

75 min

sunlight 94,000 ~

101,000

Acc. charge: 

34200mAh lux
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 Only Solar

 Voltage, current, & 

power fluctuate 

because the drone 

attitudes change all 

the time and 

additional current is 

required to bring it 

back to balance. 

 Burn out

power module.

DISCUSSION
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DISCUSSION
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DISCUSSION

Solar + Battery

Voltage stable.

The solar cells are biased by the 

external voltage supplied by the 

battery.

Current supplied by the solar module 

is then also fixed.

The total current/power still fluctuates 

but is balanced by the battery.
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DISCUSSION

 Battery H
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DISCUSSION

 Battery K (6s1p 881mAh)
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Battery K (6s1p 881mAh)
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VIDEO: : 3 HOURS 28 MINUTES
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SOLAR FIXED WING
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SOLAR FIXED WING
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SOLAR FIXED WING

27



SOLAR FIXED WING
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飛190分鐘的無人機規格：
機身長90cm
機翼長166cm寬31cm
機身重1305g（不含鋰電池）
鋰電池重300g，電壓11.1v，電量5000mah
太陽能電池片數24片
飛行模式 rtl
高度100m
半徑220m
單單鋰電池大約40分+-5分



SOLAR FIXED WING
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SOLAR FIXED WING
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飛203分鐘的規格
翼展192cm

機身1397 g

電池383g 

太陽能電池片數目28片
飛行模式 rtl

高度100m

半徑220m

Lghg2 18650 4s2p
單單18650電池大約45分+-5分



SOLAR FIXED WING
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ADVANCED SCIENCE
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https://onlinelibrary.wiley.com

/doi/full/10.1002/advs.2020014
97?fbclid=IwAR3W6JETx2bIh_f

VGDNhwZApTuJPrsSJDG2z87-
8znbboaq4_mJZTOlQl6g

https://onlinelibrary.wiley.com/doi/full/10.1002/advs.202001497?fbclid=IwAR3W6JETx2bIh_fVGDNhwZApTuJPrsSJDG2z87-8znbboaq4_mJZTOlQl6g
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電子時報 DIGITIMES



US NEWS REPORT
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https://www.suasnews.com/2017/12/solardrone-ntu-allowing-drones-explore-

unexplored-frontiers-launches-ces-2018/

https://www.suasnews.com/2017/12/solardrone-ntu-allowing-drones-explore-unexplored-frontiers-launches-ces-2018/


JAPANESE NEWS REPORT
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https://www.amw.jp/2017/12/31/201712311/

confidential

https://www.amw.jp/2017/12/31/201712311/


CHINESE NEWS REPORT

36

http://www.yuchen360.cn/news/16524-0-0.html

http://www.yuchen360.cn/news/16524-0-0.html


CONCLUSION-SOLAR QUADCOPTER

◆Solar hybrid energy systems are developed for quadcopters.

◆The backup battery and the sunlight have a significant 

impact on the flight time.

◆Stable sunlight should allow the quadcopter to fly well for

hours.

◆Longest flight time: 3 hr 28 min; flight time extended to 

over 48 times of using battery only (18350 6s1p, 881mAh, 168 

gw).

◆The accumulated charge from solar modules is 34200mAh, ~ 

3kg battery, too heavy for the copter to lift. 37



◆Wing span < 2 m (192 cm)

◆the smallest fixed wing to fly hours using sunlight

◆Longest flight time: 3 hr 23 min

◆Flied on Nov. 18, 2020, winter time, expected to 

be much longer in summer.

◆28 Solar cells (CF: 86 cells for quadcopter)

◆Accumulated charge 17.9 Ah

◆Power required is much less than quadcopter
38

CONCLUSION-SOLAR FIXED WING
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