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Experimental Verification on the Extending Flight Time of Solar Paper for
Drone using Battery for Electric Vehicles

Wooram Lee
Department of Unmanned and Autonomous Vehicle Engineering, Kyungwoon University
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Abstract Recently, for drones to be used for agricultural applications, it is necessary to increase the payload and extending flight
time. Currently, the payload and extending flight time are limited by the battery technology for solar paper drone. In addition,
charging or replacing the batteries may be a practical solution at the field that requires near continuous operation. In this paper, the
procedure to optimize the main power system of an electric hybrid drone that consists of a battery and electric motor is presented.
As a result, the solar paper drone flied successfully for 2-3%. The developed solar paper drone consumes and average of SSW when
cruising and can receive up to 25W of energy during the day, and its extending flight time was verified through flight tests.
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Fig. 1. Sunrise Il (Astro Flight Inc.) [12]

1999 NASAol| A 2t# Helios o] 7% Bk AA

2R AAE AB LA Tal oAl
wg] ) H—E‘—o] AYE T, 7P = ERozE jla
o= d 31 @7 st o

Fig. 2. Helios (NASA) [13]

- 230 -



| AB el S2o| u[gAZE i

4

el
rol

T

il

H=
o

—o =

U] A7 sFS 24T A3 d83tE AT H
g A ol FA A A AEelAM HF g
A, WA 8 ASES Feka glon, o
7V 20R A7 HY GAF 29| WES dF ¥
aefefop ok AA 71 HolHE V|We g dAL =
A 5e Fofste] HY AAE T FY WS AF
g glom, a7d 2o wEbA FYHE &R
o AFEE vtetete] L HHEMA Al A7
ofd & 9le ZAoE dAddEnh S, 71 24
wE dabEl WEkE o Sate] HHEM ax g s

2 vlmsle] A% MY RS FAY 5 ok

PN

T ek

. efete Fel o|SAl

g 7o oleAe] A B ouAE °l83t
of ojwgt Fejel 7l o]FAlE AL 5 UA,
A7l AgE FEA ¥ T 2R duAEYg o
B oUAE el ARsfop sk @alo] glor
ol HY HA &eol w2TH AV ATl A&
’“01 =0 388k B dA o] A Zeol oF 20%
Solv, Bl MAlA THstks Aol £l o]
SHCNM L2RHE AHFERG HL 0 A7) A
T ok ool A7) AFE A% B 71U olEAl
o Fel= B A 3 o] W2 uAe] Jejo
@7F 2840l wom, HiF Aol 2 VtRA=
H7E 2 @7lE &8s anlEE duAE €Y
o s distaclde oleh 22 AT AR
A g Agste] sk SPUAV & 7] A% 8l
A7 7t=AZRTE 2 FEE 7R )t

ol X o

e woﬂ% AR

f58ka, 1
E‘PM Hed & OE 41} HEAA 2w}
& UAE HEEe ARshe AlxFed o]
3 BFezRE quAE I F e el )

m oo T

Belol A48 ouAE olgstel MEE Adsr
U 2lE S, ol e wEsiel He Bl
olEAel A7) AF) A5e ¥ Ak

Hepg el oFAL olUAE VT 5 Qe ¥
2ol Bso] glu, A7) AT P BE AYS AE

7] sl duAE AAHoR BEfst= Aol wi¢
Fasith AE qurE #EE] AT F8 A=

Ho  gloF x|, MPPT(Maximum Power Point
Tracking) & HiElg] S°] Atk HYF AA= AJUAE
Akt MPPTE o83 Hdf Hg AHe 34 2
AdF3th aEln SA71E ol&dl wEgd duRE
A7skA Atk

Y HAxe Z#x B3R dof H3™
(Alexandre Edmond Becquerel)oll 23f 1939 ol 72
= 9H15]l 283 Bell LaboratoriesollA] 1At el
AAE F&sFth. 27] oY AR 882 oF 6%
AEPou, gekst 7je NS B3l B X9 &
£ P HF AXY A FAER o3
A7) AR E AT B HAE Fg 4 E 3
kAol p g HEEAZ o]HA ok elokgol
AA e YAEE n F =AM AR} é“éﬂ
Y HEAAM FFe] AFsA et old, ek
o A& T HA} olEs A HHUA A7t
Al .

U N o o2 of

lol'rzililgd

Sunlight

n-type Material

p-n Junction

Solar Panel p-type Material

Hole
Flow

Fig. 4. Diagram showing the photo voltaic effect [16]

0 AAE ke $R7F Qow, A 23%n
Mopgos TR APPL Az AoINE ol
) At o= sl FAel o kel $ol
Qi Wuhy e ARG MR TAL @Hol 9
oh wuhy B AAE G Beay FAs) ge
7% Slol wrEo] MaA g fAT YU ARY
S Tk A4 ke A8 B Aun Agsht

K

- 231 -



00
o
=
for
>
o
J0|'
I'-II:I
A
Rl
=
NG
M
Rl
=
Jor
54
S
[NS]
(98]

23 Az 24
Hep717} olete Bl 9o

e‘é
da
-
Hir
rlo
m'
o
{0
fuj
o
2\
B
it
o=

AsE dAsir= B
SRR AiE oUAE Hold 53kl HiE ]l
AgeoF @tk o= Bl ARE oUATt ==
T HF T ol TA B Sk wE
ojtt. MPPT = el AA|e] Hdf Ay AHE AZ3}
= A9, Al met ddske dEe B
MPPT A|28l& ARgstd dAbgel] we el A9
A A9 AL o 2 FAHL =+ S

o= BeF AANA BHG Aol W g ¢
7 B2 288 AYe Agstal E2 duAE A
& Qo A "ok olUAE At S8 2
A AAE AR Hed, 23 AAe 954, Y

A g, gE ol B ogE EEr ol Aok 23k A

A FINE GERAE FAY AiHoz FA9 b
72 o 5Ale] HFSA ghow, B B 5
Aak 3R 77 e BIAT 5 9l o)t
2 T3} e 4 9l wlel k. olsh e o
82 53 AB2 ol8d ME oA WEsh 4
WHo Bolq Tl oAl E ALY WEE
Agshe Zlo] A3 Ao war,

A%8 £ B BE B AT 7}%@%

)
N
-~
[ell
o
N

— o
2o
)
2
o
rhu
HE
uo?
_\.4
=°.‘=
2 o
=2
1~N'
ol
o
£

Aok A AE BEe A7 AR Fsde 1B
gtk Hee olew g Axo REe Y Y
VAEe B3 B AAo Y AHe AR,
F2 Az(RE 3 e 9 A AEe Tt
A Btk AY wel AzEe] BAEE Fig 5 9 2ol
B X REOIH AL AT MPPT o4
HE A dZstel wElgo A Aot
o8 Fol FaA el AEE Fashl Ak

APy £2ol B9 Aoz 4] Aze 9@
Bl tTireln, w4l B A BEe) A9 SEol
SYEF AFG & Qolok Bk AT BA AwE
Ry =89 A% oF 15-20mn AEold, ol AM
71 98 B mES MASEt B mES

O

YOLKjitoll A sul 221 Solar paper E@lo]thFig. 6).

- 232

AF FAE= W g 75g, 4B Hd 65g o2
Wl g 270, ME sid e AXSHATHEF 6709
AFY AFFS 5V, 500mAolH, Htl AH] g2 25W
o)tk

=1

N
MPPT and Charging
module

U

Battery

U

1 Propulsion motor and D
Mission equipment

L device )

Solar module

Fig. 5. Schematic diagram of power management
systems

(@) Schematic of model (b) Solar paper
Fig. 6. Solar paper modules

Fig. 7= e s d s A ﬁé’aolt}. “4%
£9 F7]& 1,888mm, =3t A
3.18kg, Al + k9] Al =H] FF
& 18kg Itk

[\D

O

s

3

>
ol o |

o r
ofy

(@) Schematic of model (b) Photo of drone

Fig. 7. Solar paper drone



>
N
R
E
ful
off
[
rHu
lo
[n ey
e
>
d

Bof AA 2Eo] AE=R AZH jlenw BE
o] 5& Ass Hassl] S8 Hiojds tejess
HEEA] A gefof gt} Y-8 =89 A tFd o
stoll M wldstee 75 Fol ofs) B AA ZE]
g0l A g Yk ZE AA FE aso]l AW #
A7F A e oz AdEHY, FEHoR |
& AA AE EA FEel a5 A= AT AR
th ool H AA EEol A¥E Aikstd dFe
Qg3 WFor z27 Aot sl o) 57
S(EE Pl A ol el B A sidelA A
HE AR Al =9 o B AA ddelA
A AF7F 2l A BE A l W=z “0174] E]
= @] BRI ofoh 22 FAdo] WA A
o] g0 AT WFoE IAPHA Fow, :LEZJ
A de d3p el oaf ol 95E ¢
7b g AR BlEd, olHd dde

171 98 ol A A b= HY HA e
3T Sl vl E}OIOE—E— AAjste] A

o] 35S FAZ F A ST A4 HY A
A 9d v} wold go]eES AA|Sh= Ao] o]
Aoy, B s FAZE STk HER HiolH
2 golees Ads X" i 47 UIA(E 2

) 2AsH A

B

__‘o

MPPT ¢  Zx& 98l GENASUNjt<]
GV-5-Li-125V &S H&3i9oH, 3 B89 4
< A AU AYL 27V 2 Y WA BEQ dAo]
7Vs3ta, MPPT &5 2 $32 Bl A3 &+ 3l

o HYAT Bu70e] weh Ho 22 ;e o
99% Axold, 111V 3cell BEZ WIS 24
¥ & QIThFig. 8).

FF ANE BRA0E AN

=]
h
FRLS AFAVE FUHe] ARY BB
A

, =
202 $£E37 Hu, HXH AMHE T3 o4
e HNE FFdol AT AR ﬁ“c}oi H|e) &

S stgom, T2 A TAl w2 AnH A

2 = A o)A A7) AF vlY
Qs AaElojor & REo g AxlEkS =3 9 o
g A E"&-TL BuE B3 AN

319021, Davis Instruments it

Davis 6450 A4S o]&-aj él/\lﬁ % A T
J AAFS Fig. 9

oF Atk Mot nlus|A ﬁi}ﬂ wAgsk=T] o]
& Hok 7] &34

e} ZA

_‘%__
29 A% el A4 2 EAske Rl
BE FEH )

wgelA Hed, oo A9
2 U] Fahgol WsbEnh et d

A 7] Sahgel A% LOWIRAN 7 g ol-gsfel
F9E AW BE AAFL T azi A A
3 oake WA, 24 A7Ish Kol wek 2a

FE ol ) 33 % Ags g Aow

Redl Ag

o] Ag

e e s

—— Experiment||
— — Reference ||

200 |

100

Time [h]
Fig. 9. Isolation test
v gldd 72l olsA AT AlE
22X A8EH BE Fo|2ES FHA3sl
HiEE] + REHYS 0]%0}01 7] Agshe vlsol
A5 4F Aol A o] Fol
Hom, ZAE FH AL = 3 98 A&
el Sk YA A7kl wet

& AR F 143 HPAFE Tl A7) AT A
[e] =
= ©

Fig. 10. Flight test

- 233 -



SeNSHE|EE|=2X| M24H M435, 2023

4P B3 45T oA 2 HEY 4F 5
o3 AnE ANSHG HPAT Hush v B4
o T ofele He B AA EE ¥ A/(HOl B

of gk x=xdo] AgolstAaL, Aol tg FAE ol

Fig. 11e Wae %o 958 ojuxel Asjelrh
Blepg 7ol olEAe] 71 H 8 Aol weh YA

Aoke AFE Bt BEY, = k%a] 9l Abzto)
B A9 2oz JAE o s Be duAE
A <

A 5 9lg Ao A
30 . . . .
—— Experiment
525 + y '— — Reference 4
2320+ 8
5}
5ist 1
el
Q
S 10r .
<
5
O st §
oH L 1 L I L L L
112 13 14 15 16 17 18
Time [h]
Fig. 11. Solar energy harvesting test
Fig. 12& g549 ouAE T3l #l& & el
goll A3 Aotk wige] ¥ HdF 72 olF

Ao B7) Age Al 7 T8 AFeE wiED
ol et A7) Aee) e Bt ] WE
ojtt. 51 oA Al FARRE BEFe Holal 3l
on, By & wiEY AFS oF 18-20% A== 4
A

140 - = Experiment
e Reference
g e —
120 F Ay T s -
: ' - e
L]
g 2= -

100 - 8

Battery remaining capacity [W/h]

Time [h]
Fig. 12. Batteries state of charge test
T8 o+ "R Y T FAe oF 1l3kg olH,
3-5m A=A P Ash Hv) &9 AHL ok 424

J=2 ZHAS G ddel FA7E kg vivke
/\Hl g9 ‘ﬂi}i vHlstgi o, Aol v
& o 10min ¥ & wjE 2] AKV)= 04V A=
taem, ol B ddo]l IdFL oF 2-3% A
AP A Zbo] E .

A olFAZE A% 3 A7) ATE SsiA
ol EAsk=d WErt 4E olF
ANUAE o]83te] HY IEE oz
&3ty A= HAsH6IE S oluAE A
ot WS EAIGT. =Y A7) Thermal)E
o]-g3ste oAl E Aeofets WRE oy s
5] WE YA g5
A g AR 22 grE T o A A
= gHo]

oo Rl HU o
B
01‘ m[

o2
i)
oz -d

=}

o
e

&2 rr o o,
o2
o o

Hr ofor

mﬂ

£

‘:°ﬂ/‘1 7“\]” A&

st wjE e oluA Berh A

[0
ol
N

A B AL

9
fHog % Zo% ATETh olXY HEF F
A ol sAS R WY FE A E8Y A
718 AsAle As Bl gdF T ol A &
71 AF 7FsdE B F ASs ALE g

VI 22

B A7 NE cie wEy Azdoz wg g
ZHES T, YR e A8 sfolHs
Wae] S2o) 59 AlzE HAs g A¥H A
TE FY8gt BHez 4 H2ET 5 = )
Blg] Ak 10-20min 92 Zg3te], Bn2AUdE S
Z e 5L AZagh Azlel mE wE A
e =9 Ay oF 2-3% o PH AWES BYY
ol Baj A FERL =2 5 Ye Ao=
AoEn, Aidog 97 FHo| o= Ao
Ao Z1g B 4tk olE HYF g g A E
A aT AP el s A dsrE 28 5
= VxARE HEY 4 gon, HHd ZHT F
Q= A 2 HEHS 2T & USS AT
T g AA 2F A% 9 % 3 5 ALH
AT RS Fd AP AzES FAAA U2 A
S, E2L 0|83 A ¥ AR Azwd] Hgd 5
A3 T Yolrl ThoFd Bopo o] 75 How
e

- 234 -



7| AE BN =22 H[JYAIZE Ao

Hol

B 2

rt
ol

ACKNOWLEDGMENTS

B AT NBEE DHTY Ao FFATA
wel A wob FaE AxA-therE I Ao
A1) AU T (koA el W 5 2022R1S-006)

REFERENCES

[11J. T. Lim, “A Study on the Characteristic Analysis of
the Pest Control Drones Using Smart Operating
Mode,” Journal of Convergence for Information
Technology, vol. 9, no. 10, pp. 108-113, 2019.

[21J. T. Lim and S. B. Lee,
drone control management information platform,” The
Journal of Korea Institute of Convergence Signal
Processing, vol. 22, no. 4, pp. 193-198, 2021.

[3]S. B. Lee and J. T. Lim, “A study on the creation of
mission performance data using search drone
images,” The
Convergence Signal Processing, vol. 22, no. 4, pp.
179-184, 2021.

[4 D. K. Chung, M. H. Lee, H. Y. Kim, J. Y. Park and L.
P. Lee,
System Using a Long-Term Endurance Solar Powered

“Development of online

Journal of Korea Institute of

“Development of Forest Fire Monitoring

Drone and Deep Learning,” Journal of Korean Society
for Geospatial Information Science, vol. 28, no. 2, pp.
29-38, 2020.

[5] J. Jeong, D. Kim, T. Kim, S. Moon, J. S. Bae and S.
Park, “A Study on the Development of Low-Altitude
and Long-Endurance Solar-Powered UAV from Korea
Aerospace University (1) - System Design of a Solar
Powered UAV with 4.2 m Wingspan -,” Journal of The
Korean Society for Aeronautical and Space Sciences,
vol. 50, no. 7, pp. 471-478, 2022.

[6]H Ahn and J. Ahn, “Design and Analysis of a
Solar-Power Mini-UAV for Extended Endurance at Low
Altitude,”  International Journal of Aeronautical and
Space Sciences, vol. 20, no. 2, pp. 561-569, 2019.

[71 C. U. Kim, K Shin, H. Hwang, J. Ahn, T. G. Rhuy, Y.
S. Hong and Y. B. Kim, “Design Parameter Sensitivity
Analyses of a Solar Powered High Altitude Long
Endurance Unmanned Aerial Vehicle,” Journal of The
Korean Society for Aeronautical and Space Sciences
Fall Conference Proceeding, pp. 1245-1248, 2014.

[8]S. J Hwang, S. G. Kim, C. W. Kim and Y. G. Lee,
“Aerodynamic Design of the Solar-Powered High
Altitude Long Endurance (HALE) Unmanned Aerial
Vehicle (UAV),“ International Journal of Aeronautical
and Space Sciences, vol. 17, no. 1, pp. 132-138, 2016.

[9] K. Shin, H. Hwang and J. Ahn, “ Initial Climb Mission
Analysis of a Solar HALE UAV,” Journal of The
Korean Society for Aeronautical and Space Sciences,
vol. 42, no. 6, pp. 468-477, 2014.

[10]L Y. Ahn, J. S Bae, S. H Park and Y. Yang,

“Development and Flight Test of a Small Solar Powered
UAV,” Journal of The Korean Society for Aeronautical
and Space Sciences, vol. 41, no. 11, pp. 908-914, 2013.

[11]Noth, Andre., “History of Solar flight,” Autonomous
Systems Lab, Swizerland: ETH Zurich, 2008.

[12] https://ecoble.com/2009/02/16/sun-power-jet-fuel-for-
the-21st-century/

[13] https:/fwww.nasa.gov/centers/armstrong/news/FactSheets
[FS-054-DFRC.html

[14]D. Kim, T. Kim, J. Jeong, S. Park, J. S. Bae and S.
Moon, “A Study on the Development of Low-Altitude
and Long-Endurance Solar-Powered UAV from Korea
Aerospace  University(3)-Flight Test Results and
Analysis of Solar Powered UAV,” Journal of The
Korean Society for Aeronautical and Space Sciences,
vol. 50, no. 7, pp. 489-496, 2022.

[15] https://en.wikipedia.org/wiki/Edmond_Becquerel

[16] https://energyeducation.ca/encyclopedia/Photovoltaic_cell

[17] H. Park, “Virtual Flight Experiment and Performance
Evaluation of Solar UAV,” The Graduate School
Chonbuk National University, 2016.

XMAHH

Lee)

2009 2€ : A&y &g
71AZ 8T F A

20119 2€ : NID §37]1&ughd
no] AR 7| AN 28 (FEAA

20149 8€ : NID §¢7|&thistgd
no] A2 7| A 28 (FEEMAY

202119 3E~EA] . AL
B

IRl FEAE, golA £, THE =8, UAM

_10(' _10('

tal



https://ecoble.com/2009/02/16/sun-power-jet-fuel-for-the-21st-century/
https://ecoble.com/2009/02/16/sun-power-jet-fuel-for-the-21st-century/
https://www.nasa.gov/centers/armstrong/news/FactSheets/FS-054-DFRC.html
https://www.nasa.gov/centers/armstrong/news/FactSheets/FS-054-DFRC.html

