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m Power consumption o
m Power generation of solar cells

» Solar quadcopter
m How to achieve longest flight: 3 hours 28 minutes?
» Solar fixed-wing
m How to achieve longest flight: 3 hours 23 minutes?
» Conclusion



» Battery
m Safe
m Limited capacity, short flight time
m Typically less than 30 minutes

INTRODUCTION



m Consumes le

» Copter
m Takes off and lands vertically, easy to use
m Consumes more power
m Much more user-friendly

INTRODUCTION

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



POWER CONSUMPTION OF DRONE
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-=--MAD5005 1855 folded propeller
(experiment)

——MADS5005 1855 propeller
(theoretical evaluation)
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Lifting force (gw)

Two opposite effects could

happen:
B high-spinning speed
making the air stream
more directional, so
increasing efficiency
iIncreased temperature of
motors decreasing the
overall efficiency
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FLIGHT TIME VARIATION WITH BATTERY CHARGE

B For a battery, the energy E is
proportional to its weight W, E
= kW, with k approximately
equalto 0.2 Wh/g

B 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.
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EVALUATION OF FLIGHT TIME WITH SOLAR
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| Elight ime above 90%.

as the ratio of power
from sunlight
increases

The extended factor

becomes significant
when the ratio is




POWER GENERATION FROM SOLAR
MODULES

(a) shows necessary thrust, curves
B (b-e) show hypothetical power
_::)» :ﬁ.‘l‘f[li‘lfffffi':;mm"” e available from solar modules with
- - (¢)Solar power for 1=0.15 (c : different PWR
) Solarpower forr=0.1075 (g // B line (f): experimental power
|-~ ¥ variation for a 2230-g solar-
quadcopter operated under solar
power only, with huge fluctuation,
B 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°.

— - (e) Solar power for r=0.1
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Total weight of quadcopter: fuselage + solar module (gw)




PRACTICAL POWER CONSUMPTION
OF DRONE

B (a-c) shows necessary thrust of
—(a) Required power for 4-motors of quadcopter L g qUOOdCOpTer for dlfferen'l'
--- (b) Power increasing factor K=1.2 s -~ | .

power increasing factor,

- - -(c) Power increasing factor K=1.5

i sclarppwerforr=015 o ’ depending on the copter's
e configuration, flight attitude, /
P wind, ...etc.
L m (d) available power from solar
o =, module.

5000 2000 2000 B Only (a) and (b) intersect

Total weight of quadcopter: fuselage + solar module (gw) (d), indiCCIﬂng sufficient
power.
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»6S. 22.2~25.2V

» Solar cells have to be wired to maich the
voltage

»5s5 : 38 5" Sisolar cells in series, 2 in parallel
»6s . 43 5" Sisolar cells in series, 2 in parallel
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#1 #2 #3 #4
Solar Module Power 240 W 160 W 210 W 81 W
3s (12V) 6s (24V) 6s (24V) 5s (20V)
1300 gw /740 gw 1100 gw 520 gw

Frame Weight

1100 gw 510 gw /00 gw 310 gw

1300 mm 1200 mm 1200 mm /700 mm
15" Carbon 15585 Carbon y 14" Carbon
Fiber Fiber 18" Foldable Fiber

12 min /1 min 140 min 28 min




Solar Module Power

Frame Weight

Solar Module Weight

Frame Size

A B
235 W 266 W
5s (20V) 6s (24V)
1330 gw
76 86
905 gw 1024 gw
2235 gw 2354 gw

1600 mm
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18350 5s1p 1500 mAh
(Recharge: 977 J: 5s2p 6.4Ah
mAnh)

55 350 mAh
(Recharge: 179 mAh)

Flight Time with hr 1 min 13 sec 2 hr 0 min 14 2 hr 25 min

/

Hybrid Power sec




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

Fllght.Tlme Wil 2 hr 4 min 40 sec 1 hr 20 min 6 sec 3 hr 28 min 41
Hybrid Power sec
FIIBQCE:::;ng':wh 7 min 56 sec 2 min 56 sec 4 min 17 sec
Extonsion 15.7 27.3 48.7
sunlight 94,000 ~
R k cloud comes at around cloud comes at around 101,000

34200mMmAnhN lux




10

—Batery Voltage (V)

60
50
40
30
20
10

0

Battery Current (A) —Power (W)

> |

N AN\

Vo VA

Time (min)

250

200
—

150 2

100 E oddijriono .
s required fo b

50

o)



Batery Voltage (V)

Battery Current (A)
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e
battery.

» Current supplied by the solar module
Is then also fixed.

» The total current/power still fluctuates
but is balanced by the battery.

DISCUSSION
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DISCUSSION

» Battery K (6s1p 881 mAh) sunshine is OK
30 . Battery charge is only
I_’clrge e slightly consumed
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DISCUSSION
» Battery K (6s1p 881 mAh)
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ADVANCED SCIENCE
ADVANCED SCIENCE

Full Paper & OpenAccess @ (®

Solar Power Can Substantially Prolong Maximum Achievable
Airtime of Quadcopter Drones

Ching-Fuh Lin &%, Ta-Jung Lin, Wei-Sheng Liao, Hsiang Lan, Jiun-Yu Lin, Chi-Han Chiu, Aaron Danner

First published: 19 August 2020 | https://doi.org/10.1002/advs.202001497
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Abstract

Sunlight energy is potentially excellent for small drones, which can often operate during
daylight hours and fly high enough to avoid cloud blockade. However, the best solar cells
provide limited power, compared to conventional power sources, making their use for
aerial vehicles difficult to realize, especially in rotorcraft where significant lift ordinarily
generated by a wing is already sacrificed for the ability to hover. In recent years,
advances in materials (use of carbon-fiber components, improvement in specific solar
cells and motors) have finally brought solar rotorcraft within reach. Here, the application
is explored through a concise mathematical model of solar rotorcraft based on the limits
of solar power generation and motor power consumption. Multiple solar quadcopters
based on this model with majority solar power are described. One of them has achieved
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US NEWS REPORT

‘ & 2 | https://www.suasnews.com/2017/12/solardrone-ntu-allowing-drones-explore-unexplored-frontiers-launches-ces-2018/

/> SMALL UNMANNED SYSTEMS BUSINESS EXPO ~
<#<=—  APRIL 25 AND CAGE FREE DEMO DAY 26, 2018 7\4 sUAS News
/" \__ BEAPART OF THE ONE AND ONLY SILICON VALLEY DRONE SHOW! RS

HOME NEWS v DRONEJOBS ADVERTISE SUBSCRIBE TO OURDAILY EMAIL DRONE SAFETY MAP

SolarDrone (NTU), Allowing Drones to @ scopito

Explore Unexplored Frontiers Launches at ;
CES 2018

By Press - 29 December 2017

Are you doing drone inspections?
Store, analyze and share large amounts of images

FLYING FOR FUN. FLYING FOR BUSINESS
AMA HAS YQU COVERED!
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JAPANESE NEWS REPORT
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CHINESE NEWS REPORT
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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 1o fly well for /
hours.

¢ Longest flight time: 3 hr 28 min; flight fime extended to
over 48 times of using battery only (18350 6s1p, 881mAh, 16
aw).

¢The accumulated charge from solar modules is 34200
3kg battery, too heavy for the copter to lift.




CONCLUSION-SOLAR FIXED WING

e&Wing span <2 m (192 cm)
¢the smallest fixed wing to fly hours using sunlight
¢ Longest flight fime: 3 hr 23 min /

¢Flied on Nov. 18, 2020, winter fime, expected o
be much longer in summer.
¢ 28 Solar cells (CF: 86 cells for guadcopter)
& Accumulated charge 1/7.9 Ah
®Power required is much less than quadcopter



(1) the project in National Taiwan
number of 06HT?11001.

(2) Ministry of Science and Technology with numbers
of MOST 108-3116-F-002-009 -CC2 and MOST
108-3116-F-002-010 -CC2.
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