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Shape-Transforming Solar-Wind Hybrid Smart Parasol

* . * * * *
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Key Words: Hybrid Solar-Wind Harvesting(El 3332 3slo]H2]= 2A), Origami Structure( 2.2 7}0] -
%), Savonius Wind Turbine(A}E. Y -$-2~ T2 E W), Automatic Deployment(A-5 70 #), Smart
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Abstract: This study presents a smart origami-based parasol that performs hybrid solar and wind energy
harvesting. It uses an optimized crease pattern for deployment and folding, enabling solar power generation
during the day and Savonius-type wind power generation at night. Integrated sensors and control systems
automatically switch modes and operate the parasol based on real-time environmental data. This
multifunctional design enhances urban energy self-sufficiency, offers eco-friendly public infrastructure, and
introduces a new paradigm for urban renewable energy systems.
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Fig. 8 Conceptual design of the parasol

(a) (b)

Fig. 9 (a) Folded design of parasol, (b) top view of wind blades
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Fig. 16 Comparison of Cp for different blade configurations
9l Fig. 16 A= T2 9714 Eelol= J4 ZolA Alite CpE wlagk Aot B4 Ay, 69
Bol 71 B Cp 038N V1S FUH oz $5F ouA W A& nyom, 4W Fy
< 0.1368% 7MY B Ao YERY ol il Bl g4 WEvE aEdl & d¥Fe vAY, &
4 AgolA HAo Aee BIFS BAF & U
Aol A4S AW F, 2419 bump FFE AHETIO] FEY A%YS FuFo M 5 wEE



a8ksha, Boh Reele Bdels EWe TS, ool wek AT 34 AL et gk,

o A FTAN(EE p = 1.225kg « m ®, Inlet £ V = 2m/s)
o 29 qnlet WA = 2.88m?, A BWE = 145kg « m®

* Ansys 34 E® : Viscous model = k-e, realizable, scalable wall functions

Fig. 17 CAD modeling of bump curve blade
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Fig. 20 Half-section layout of the parasol canopy

Fig. 200 webA eg7hn] Edol=rt A85 = 99 & 5 vk
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Fig. 21 Yoshimura origami pattern (ov=45") Fig. 22 3D form from Fig. 21
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Fig. 21< Orideta &5 &85t Al¢
oF ZAw=E xddto] HAA A T 3
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2.5.2 74A| crease pattern A 7|

241004 AAT 49 5 AAG gekE Bz HI = A HY A4xE AR A8
bump 3 FAE A (o) ZEHELH)S HEE At x-yFJHEA 9o Ao
A& 99 A (1), @), G FEHL (X, Y) = (ks 2k y), ks k,>0(A S]] scale)e] F41E 7o w2 HW
Zy a=22.5°,35°,45" 9 Al 7FA| A Yoshimura ZN¥E S Fig. 229} o] AA AT

Y =
ol A EH4“°1 A= 1070 A&

Table 5 Coordinates and tangent slopes of 10 representative points along the scaled bump-function curve

X-axis y-axis slope
Al 0.00 0.00 0.22
A2 1.84 0.41 0.22
A3 5.28 1.18 0.24
A4 8.58 2.06 0.37
A5 11.26 3.38 0.70
A6 13.04 5.17 1.51
A7 14.00 7.53 5.86
A8 13.91 10.28 -3.99
A9 12.70 12.74 -1.39
A10 10.70 14.73 -1.00
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Table 6= Fig. 239] facet 21 =%} x|4=9] A olS vttt}

Table 6 o and n values for each pattern

(a) (b) (c) Unit
Q 22.5 45 35 Degree(°)
n 125.5391052 52 74.26369635 mm
Fig. 239 2} n& 9= AAT me o] &sto] ofgiet 2 A4S T3 ==k
(ﬁ) X tana = 520
2 m
of RS Fall 7 facet®] ns AESHL, ol K7 FAbete] HA Aoleh vlugo g WAlEE
A% selshen.

PN

- H—N
T H
FAb golsh AAl BE o] zke] Aol Wi Fiel Rugom, 0T AU TN e
& Zelol=e WAL skt

X 100% =—0.347%

Table 7 Geometric parameters of the origami structure

Parameter Definition Size Unit
Plane angle between the valley and mountain folds in the
« - Degree(°)
crease scheme

n Length of the long side of the isosceles triangle - mm
N Total length of the long side of the isosceles triangle - mm
m Number of parallel fold line 20 -
L Length of the entire structure 252 mm
H Height of the entire structure 520 mm

2.53 AN AlEH oA HE AE
25248 E3l AAE F)

.

)
BN}

E& bump 249 FEo| 9A WXk FE crease pattern< Fig. 233} &
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Z12]3l Fig. 259} Fig. 265 Origami simulatorS 53] AA|3 ¢2l7ln] sjede] A7)
Bl Aot} simulators E3] A AT line 99 <
ATt 1A HA7 Al(Fig. 250+ A 71eS SR F Ade HS W] A=, A3 Al(Fig. 26)
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Fig. 24 Modified yoshimura crease pattern

=)
=
F7}+4 <l facet creases’} YWEIYA] &= A

17(—7-@}6]-

ol FE7F FESe] T WA WE Aol Jbsith olel@ 4 shte AHow By
ST B

e

il

o

=HolE Ve s A 7TEE F e BolEerh

ol

@ o

a

al

(a)

Fig. 25 Deployed Origami
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Fig. 26 Folded Origami
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Fig. 27 Folding mode of the facet with (a) a = 22.5°, (b) a = 45°, (¢) a = 35°

Fig. 27 (a)° ¥AlE Zt= 22.25°9 21.4°% ZHZ) mountain fold lineQ! 41 AB, AC9} Q1438 F W A}o]
o] H3 w= Al w3 Zoltt (bl FAE ZHE 144.4°% valley fold line€l A ABS} ¢4 3 & W A}
o]o] w3l Z}%, 23.2°9} 23.9°= Z}Z} mountain fold line®! A1 BC, BDS} 2143 + W Aloleo] #3 4%
olth. (o)l ¥AIE ZFE 20.8°, 21.35°% ZFZF mountain fold lineQ! 4 AC, ABS} 143 7 W Alol9] 55
3 Ztwolth, BE IR E5L SHA 02 HE Uik valley fold lineEs 7]+ 2 wHEE T

254 A 7 AE
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[ Il [ | thick
t i added

Tapered to rotational axes

W rotation about axes

Fig. 28 2D demonstration of the tapering process, as used in the prototypes. Adapted from (7)
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Fig. 29 3D printed origami blade Fig. 30 3D printed origami blade top view

Fig. 29, 30°] 3D printings &-8&3% 7] A3 A& A3, AAE 2= A "3 s274s 78
dem, g 1t FEoU HEY, S8 HTo] TASA k. wEbd Aoty FA »Ag 2 FHF
A WA B omEkd dAeA eglrhi] Rk 25 AdEE b glo] fFaEd Hods FelEdd

.

2.6 AAY T AA 2 <HAA Y
2.6.1 7|9k A1 A A

LSS

Fig. 31 Driving mechanism of jack Fig. 32 The actual jack used
eehl Awsle FAS) g8l HAR Ao A gage A9 Aol A7 AAUEFES A
A ¥ Aol Ao HE L FHo Fye] W] el J1E AVE AT B3 BE
dol7k Ael do] R AA et olE djAstr] f&f ofolool Vo= Mu REE AREHT <
b

A7F% 500MPas] AWt AetAa HAL 0.5mmE 471 Aol 9felolREE whEo] MRkl AE R
S WET B o] FRE HYoR Q&) Ak 30% HAaE FAIE A oF 280N Hu I 3§
T /KN & A9 Ao gx S48 T Sl ATIe] A, shdel wheh wWeksw gkefojel A

- 23 -



g A 35S AYRE BHL weoltk of W A o 20N 5 wEol @t o ehiAs
142 el BTt

olg3t7] 2 ok

Fig. 33 Mechanism of two-stage umbrella folding system (WO 2015/053512 Al)

Ao A= 53] WO 2015/053512 Alel] AAE 2vF $2F Fx9] A1 WAYFES S35t &

i
AzEE FAFAG EHoR

22 T‘E 4 FAke %(frames) fel A& 143t 3§

de FABA, B Al A go]lZrF AR JAHAE TEE AR diAlste] 13 R AN Al F@
ol PR FAHES vk g Mg 95 vl Holg HAFoRMN T FAlo] oF
AA i 3 A EuE =R dAste], dekEo] FY UHd RER ASE W XA

Fig. 34 CAD model of the jig and jack modeling and operation

Fig. 342 det& Z2EEC 488 A 1-217) Hﬂﬂu%ﬂ CAD s e (a)E 2ol &74H
z7] AH=, 93 727t F9d 7k @S fAdkeE Ead BolEth ofF Ao] sl wht
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o

Fig. 36 Static analysis of the canopy jig

AAE A 1o tha] Ansys Static Structural StE3dl4S Faste] Fx4 A S HST
canopyll A A A1 F AR wjAEHEZ s R 2d Z88te SheS 4aNolt) ole] uwEt HA 4
o] Ztgpolxz TS A&ate] AS AT A, 2= Ha PAAFE oF 112 AT o=
AL F27F AR sk g2 gisiA e tgH R AT F des HoFrh

263 3 A 5 BAF X

Fig. 37 Bearing system
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Table 8°l sttt

Fig. 38 BWA-SOLAR PANEL

Table 8 Solar panel specifications

P AL

=9 19 SW

52 A 12V

e A5 340mA
EX 270x222x17 mm
T 1.297kg

A A 107}

EH" P aEs Ate] AF V8 2HoRs JAA A AH A4, BA S8 B2 bs dE
77su7fa(’(7 A]-% EH]‘:;- E% np(md _j_\_i]:ﬂ_ jg C‘):'—]A]—F/']: G= EvdazlyE—l Oé% T %lq—

Edazh/ ns1erac€><npan€l><G [KWh/daY]
HAF-o 7hg WA wEE A4, (=0.05994m*) X 10/ A, (= 0.3557m?) x 2 = 0.843°] T}, A& HF

dArEFe] 3.6 Kwh/m?/dayd W B%E REO H&L2 b9 A4S S Addr

Mpaner = 1(Rated power of the module)/(module area * 1,000)} * 100(%) = 8.34%

wEtA] By, = 0.8430.0834 X 3.6 ~ 253 Wh/m?/day©] 3L ©]i= & RE<] walgfolu).,
RE WA g mE g B, = 253<0.05994 = 15.2 Wh/day©l & 1071 &Y
7d$-ol & 152Wh/day©] t}.

TEE A E,
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AA, WE MCU -5 5ol
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Fig. 39 System Block Diagram

e

3]

AEAAAL Wold A A7]s AdH NREET} 4%

/\01—

143t o]
of gl 3t

0

3

ofo

]

—_—

=

3

oty
LN

24

<]

A4 A7 A

o

Aol Tets Gl AL

1

L

2 vk

3o A A ¥ LED7} AZIth

15,

Rs

=

A =

1
B

&

ol

pul

@tk Ao

bo ggom B

Q13

o

& DC

o ©

Q

37 tholol= HEIAZ o]

=

=

o | A]

1

0]
yul

Ag‘

uk
=

ELE] ol A

2.7.2.3 WA Ao

ul o
1=

=

E|7} A& 08 UVW I

sl

T

fol @A) dele stebsin] ol

?'Sg o

=

el
p
~

\_@O
=K
el

~

Hin
il

Reason for selection

oF

s
il

_&.O
~
B

0

q

IR R e R

Component
NEMA 17 BLDC Motor
BLDC Power Module &

Adapter (24V, 5A)

S

171 9
Table 9 Major components and reasons for selection

Aol A AL

9

3

Aot B2 <k

=i
S

=E
- 28 -

LED Bars (White/Red)




Waterproof Fabric U744 B A g8, AntE giepd 2§
DHT22 Sensor =55 54, As Aol I

Steel Wire (0.5 mm) jack 75 9|3k 3 W3k wisk 9 st A A
Needle Bearing 3| AT v A, 7 F MEA gR
Stainless Steel Pipe AAY = =ZHd, A e 5
Digital Anemometer AN F5 54, 8 0d B Ao &8

A X1 &I

B oAS AFS TREES 13 Buolslo) MA] Aol=] RE}E AR olF £ vk

Fig. 409 A 71% ()& ~"Hlg s 9174 76.3mm, 1.5TS AF&eRa A5 AgE s QAR AA
t ¢FuE 100mm*100mm, 3T, 500mm 27E Az ZAgsta ()3 A2gsdd. 2ela A A A
2ol 3 -A7F &e471714, 3D printings ©]-83F¢] yaw bearing?} ball/niddle roller thrust bearing= (2)°ll
7]
o]

< F AXEF 3% th BLDC motor} controller, battery, 6¢h slipring®©] (1)2] W&ol €17 1.91mme] 3}
sop ddsio] walel 5 S slipring® Foke] Lo AL PEE AWA 2 5+ AES
E A=
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Fig. 41 jack elevation and jig contraction sequence

Fig. 41 bearing®] & 28|18~ A3 15T 2 9= jacky} jigE Aty 18] jackd} jig7b +
st A HoAFET (1) - 2) - )9 A HE jacke] Fsdhel wt link -2 93] canopy$t &
¥ 2w o] A om 3 FHA 2 FHE MIEHE A g1 5 sk o] RAA K

= 1= =2 -
links BAHOR UY £5S Faam, Txo] #HL f78T)

(Y ot

Fig. 42 operation with origami canopy
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=tk (a) 271°= canopyZt 3l ZMHAl ANEOl A 7S T3 (b) jacke] dsdhel wheh
link7} AZIA 02 canopyEs E°] = T2 7I7hE HE d3dn (o) ATHoE v ddE
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= A5 AT F Ak (9 A5, A FAGoA DA AP 9 AHE Alcfow s 7 fe]
N3] 7k obd shute] Awmselnt gy x5 A&ste] A3
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