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Wall climbing drone using wheel-leg and tilt-rotor

Chan-Ik Kang', Dong-Hyo Lee’, Kyu-Hwan Chung and Hyeong-Joon Ahn”

* School of Mechanical Engineering, Soongsil University

Key Words: Drone(=&), Tilt(2E), Wheel-leg(Z-#1), vertical take-off and landing(+2] ©|21%), wall
climbing(¥ 5Hh

A2 AT wFANEC] F/HP] met e PAFHOR EEe] AgHIL Ak, fHUAS} 2e
U] Bag ANE BUL 93 9 oAF U olFo] s SEL Austel AUE P
ggelan @, X PNt "UE $2E B A4 WSl s, d-d ulAE Fe Wy
ofF W Ao FHo| e mEg Awadd. =g g4 44, Ze, 9EY 9 TEy AAE
e SES AfaGon, dTANS AR B-el wHAS At AA FEE eRad AU
2 zoalgr. AFAow A9e Fakol Awd Seo B s4e FaAg

Abstract: As the number of old facilities has increased recently, drones are considered as a new platform for
inspection. Drones should take off, land, and climb the walls to inspect facilities that require precise diagnosis
such as oil tanks. In this paper, we propose a wheel-leg tilt-rotor drone for wall climbing and vertical takeoff
and landing. The wheel-legs with permanent magnets were designed to attach and detach steel structures and
climb the steel structure. Finally, we confirm the feasibility of the drones with flight experiments.

1. M B

st Aot T el U AAE F7F "tV ged -y 1,28 AAE = 20219 9¥
71% & 109 6800 7ith. =& o]F 30\do] AW =F A|HEL FHA 17.5%] A9 109 FH 27%E =
7het o golr}. A& o] ordde ] #I EWW A1 rAFAL AAOI A2z FEord G
AAOe e} A ELS A V)kvig HHE wolof sty SUMstE AR S0l #E R <l
obd H ¢ ol tigk a7 Frhska ok

TRE A7) 8l MEE AATHoRE =80 AN HI QT VE EE A2 AAE 73 F
A oy go] o], &3 A A oy o] Yt olF HAsr] fld dEE F3 +FH& E ouf
AE T3 #HH Rz 3] HEEZ o]&3le =R

+ Corresponding Author, ahjl23@ssu.ac.kr
O 2021 The Korean Society of Mechanical Engineers
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Fig. 2 Design direction schematic
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g
Table.39] 7]

= , = d
o]-g3ato] o]Fgrh= A, BWH A3 & I Hel 2 glo] fAE F e HolA
Bue apage] EAGG aeEE WY oFo] bsd UE T2 A4H WMB SES AL A 9
.

Table.l Investigate and analyze prior studies”
wmm WANCHEOL MYEONG, HYUN MYUNG, 2019, Development of a Wall-Climbing Drone Capable
<8

of Vertical Soft Landing Using a Tilt-Rotor Mechanism, IEEE Access (Volume:7), 4868-4879

=T W& | 8 B2 A sk S4S Eo7] A% HERE wAUSH AL A fAed ok A

AR | REEYe B vW ¥ | wE 9ES 53 A4 8Y uE BE F o)%
g |V EERE NS AugEC) o veddz | REFAS 59 olgel
= ol &% 5 =2 g Aoy £ ohd w7l FHoR olF

Table.2 Related patent search results®

Vtol drone = = W: 30 A, 3<]: 766 A
7 A o] Tilt drone = = U: 176 A, dl<]: 6372 A
Wall climbing drone = =ufl: 3 7, 3]<]: 1057 71

Z 840471 AN

(fr 531 33)

Table.3 Investigate and analyze prior patent®

53 W o]l5d B8 f3lY A 8 2 A~E (1020190148451)
=8 ug B4 AME o] &ste] B 1A/4, WA 2|, W o] Bl By SRS 913k
B g9 B o]sd 58§59 A8 8 Y % A=H
E

=
A | 2#AE E

GPS AR 7|¥ % / AE

)
&

2.3 A7 uhH

23.1 EE29o MAX 7=

22 studojiset AZEoIRR FARAY. stedojis 52 FA4S veEw, i
zEd, AAREE Qg HdER, ¥y R gl o]Fg 9 v FEE AR, AZES)
Hi 2| 5 Aol M2 S EE AlofdtE Airframe, BE S &S AlojdE Mixer2 T4 H
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Hojg

Pixhawk4 EEX|0{7|
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Fig. 3 Structure of the drone

232 S2o| HAb MH
Msts =28 Fxo7 sWES I 4 glojof dtl Az FAL E= BE 50%% ALE 75
A, A A AR Al B RE Y 66.7%= AT 011:} Wb G AL o] e wes A

Aot s A F Triccopter FFA EE7E AR A E

A}-83} T, Hexa-copter co-axial @A RE|7} ZF Fof| 9], ol#lg wjx ¥

Hexa-copter co-axial ¥74S =
Co-axial "]’\E“*o“ AbE3tel 27} 3)dstH BAsE RUES 9], o Ao s A
og = dvke FAel Sdrh

Table.4 Comparison of the drone airframes”

& Yy Quad-copter Tri-copter Hexa-copter co-axial
a9
9 I
A AbE wE 1,2,3,4 1,2,3 1,2,3,4,5,6
2 W
A A 2 L9 1.2 1,256
2 W
T AHEEE 50% 66.7% 66.7%
2y &
BRE A o X 0
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LEi HHEM HAwe 5o FAE a1y 0}04 =89 T FAE 18kg®R 7ML FHAFE Foldtd]
Hol 2.0kg® 7}A38te] Table.set 7ol oo A3gtst FFS HAs
Table.5 Selection of drone component
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Fig. 5 Co-axial motor thrust tester

O oftt
2

ind

2

o
oft

= | Hexa-copter co-axialZ2 =28 A|Z817] 3] co-axial 2 ZEE 4 Al HAsH= F9
85 gotof st o]F 93 Fig 59 22 59 HXAEZE AASIAL st 271 TR/ EEH=E AYS X
Y3}t single-rotor A ENS} co-axial JElOlA EEeF Ayt WA I|E= FHE throttle©] 50%,
100% Y A2 5 4% HS v|usto] single-rotord] W3l co-axial®] &ES AASIAT. A H
oA FAWHAL wlE ] 3cell(11.1V), ESC 15A, X232 8incho|™, Z2HHAQILS single-rotor, co-axial -
ol

Table.6 Thrust of Sunnysky x2304-1480Kv

Thrust
Sunnysky x2304-1480Kv Throttle 50% Throttle 100%
Single-rotor 282g 636g
Co-axial 350g 550g
af 86.5%

Table.7 Thrust of Sunnysky Scorpion HK2520 1580Kv

= Thrust
S2HE HK2520 1580Kv Throttle 50% Throttle 100%
Single-rotor 522g 966g
Co-axial 447¢g 809g
as 85%

Table.5, Table.62] AFoA Loldl F&o AAAGFTE 483+ Co-axiald] E &2 80%= AX st}
HE A ALREE TZEH 5 1gsle ZY 3§

A8e 53] A2 Co-axial® &
3

=
ag A FEe AN

A <

Table.8 Thrust needed for 1 Motor

Position AHEE = BE F H slud g F9
Normal position 671 750g
Tilt position 47) 1125¢g
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2E g a3 F59S e Tablegel whebA 1125g9] ol 85 3 & A= RE7 83
stz A A3 £2A<E KvE 7FAE SUNNYSKY X2212-13 980kve AM-&3&17]12 3t

2-13 980kv FE]+= 10inch ZZ# ], 4Cell (14.8V) HIE]E], 40A ESCE A}-&-3}W

B sy 1150g9] F32 @A AIZ1TE Normal position®l] = 2760g, Tilt positionol = 1840ge] =28 Ao

& 5 ok =29 FIAE 1800g0 7 MR on R Ao 4 glch

i

2332 ZTERHEHZY MY
z2dAy 7)o uE oS 2

T= %DQ[)UA v

o

2 Al
=10

o

T=thrust[N], D=propeller diameter [m], v=velocity of air at the propeller [m/s], A v= velocity
of air accelerated by propeller [m/s], p=density of air [1.225 kg/m®]

SUNNYSKY X2212-13 980kv, HJE]&] 4Cell(14.8V), ESC 40A, T =22 91nch% AR W Hg FEe
940go|t}. o]& E3 L= A7]o] wWE F2HS 9, 10inche] TEHe]e] 2 H|E 81/1004 S ©] &3}
o o2& F3 Folrgth T2 AV|E AL 2L BT U

Ty: Ty =97:10°, T}y = 18%0 T, = 1175g
T,: Z2H3 9inchE At o 2o F, 7,0 Z2H2Z 10inchE AL o =i =&

Table.9 Thrust by propeller size

Throttle
) 50% 100%
Prop. size
9inch 470g 940g
10inch 588g 1175¢g

A& Sl Table9ot o] ZzA ] AV|7F AdsS FHo] AV S-S @A mEbA g,
9inch”} o} 10inch®] T2 A E AL&317] = o)

2333 HfEz] & MY

SUNNYSKY X2212-13 980kv, HlEl2] 4Cell (14.8V), ESC 40A, 232 9inchE AR v Hd 9
<& 940ge|t}. ol & FI FH wiE o] Ao s, Mt B ER 3Celld} 4Celle] FH M= 3/49)
< o] &3l FHE T wiEHE ] AL AL =S BT 2

T,: Ty =3:4, ng%ﬂ:705g
T, ZT2E?2 9inchE AIEE mf 2O F3, 7,: ZT2H 2 10inchE AFEE mf =i 3

Table.10 Thrust by battery cell

Throttle
50% 100%
Battery Cell
3Cells (11.1V) 352¢g 705g
4Cells (14.8V) 470g 940¢g

g g o] Aol @olAxE, FHE F7Hee & 5 AT kA 4Cell (14.8V) WiHEE A&7 =
ok wiEE] WAES ESCTE 40AE AMESIEE W AR 77A%] 5200mAh 35CE AMESE7|Z gL
A HEL Fig 63 o] wiAsm zhzhe] mEj9] Al1d AL wjHuke] JO PWM INT} PX49] /O
PWM OUTH GZAFHI, MHEEEE AUX Yol wjA o] wjddle] FMU PWM IN¥ PX4¢] FMU
PWM OUTL. 2 AZFC
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Servo motor

4Cell LiPo
Battery

Sunnysk
1/0 PWM OUTS X-Rotor = sz{.é
40A ESC
980Kv Motor

Fig. 6 Drone wiring diagram

HgH 0w 17

ol

BEZO Table. 117 ZT}.

Table.11 Dimension of the drone

Flight Controller Holybro Pixhawk4

Motor Sunnysky x2212-13 980Kv
ESC X-Rotor 40A ESC
Propeller APC 10 x 45

Servo motor DS3218 Pro

Power management board Holybro PMO07

RC RIDS / AT9

Battery 4Cell (14.8V) 5200mAh 35C

HE317] 98] ol EFH 2kg WollA =28 Ao tuh, A LFo FAE
2 ZY 9L 829g ol A AAsok 3tk =2 FER v uAE g = T
SrEjofofstm R QMU S SRt FHAgh FAR A& Az
= I, WiAd wiE e E v RS =8 T8-S 9% BLDC EH, MEEHE A

o} AR 22A o] F7]% 10inch®]th 10inchs 254mm= =29 T Je ¢ &

A7l Z2E 7] 913 HA 3 Ho dole 254mmeo|th 2.3.2004 273t Hexa-copter co-axial =& 4
dA7g el FE R wijx| Hojokghtt. uhEhA HA ke Aolrt 254mm

zzAg7t 7+7 glo] wMiAHE AL =89 Ay FEE B
zZhe fel Ebestng, Tedy Alolo] 1HA S AA S e]of i)
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Fig. 7 Design of drone center part
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Fig. 9 Stress analysis of lower frame
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Fig. 95 8 A3 Zade +x71 7 angog 23 s5S WS 4 AL deotetdd
o Zg o] dHHoR mAH Y glon, Y AF FE E AL SHo| FFHAR HU
2MPaZ CubiconA} ABSS] €14 3E7Fw=Ql 43MPas WA ol A& A 3slct

(2) (b)

Fig. 10 (a) Drone frame decomposition (b) Drone frame assembly

go g2 A7) 98 ABSE AR A%

b)) 4 5 Inventor iProperties@ Q13 A&
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Fig. 11 Position of motor
2.3.29014 A% 3t Hexa-copter co-axial FS TE7] 913 Fig. 113 o]
2 10inch z=Aele] 3 wgow =zt Ade Aels dAHoF
Hle) QAo WolA Ak, 7)Aol FobA A Hrt mebA g A
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Fig. 12 Drone tilting part
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Table.12 Tilting method
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Fig. 13 Stress analysis of (a) servomotor mount (b) shaft

Hexa-copter co-axial @4Jel4] 34wlo] slgshs 9 WEl: Fig. 13 (5)5h ol AREH glo] wejnt
FEZL Fo AdHE Fxolth Nd A H9 REUEE, Zddo] o ngHm we Ao
HA FRAoEE TS Sl

2.3.6 HER| 2 M

e RFYASG e AA ANES AANI] A5l /A WHe] BHAsolA. A BHS
151 AAAel EASE, BFEE A SEo 54 AN

S8l AN AT Aol G

.
Hop 7pHa, A9 2RTF gl 97 AN S ARgs = dinh

Fig. 14 Wheg (Wheel-leg) component

Wy 5 o)%e BE AW Absel @ F2E Agslerith 98 WA A48T 49 vusel
A% WAl Aol A WA ol Aol EAGLh Aol Be WA FEHT 5 Ui o
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th 2 AAAE 105° 9 7S Fof3klth wheg 7HEAE o] S-S wheg 7159 AAE T AT
g A4 2AYE Fojsly] s FHoz AAen, WuAdd AT 4+ JdE FAES S5
& 5 JLE ukF Alo] Wl FZHE AASIY § AAE TEE v Y AFL 108mmoE A As)
P

2.3.6.2 TPU Sheet & A|

TPU AEE A4S 24T FALES ol §skel WulelA A7} Goj A4 @A sh RRelth A4
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Fig. 16 TPU Sheet
TPU AN Ex= AAoz Hyd g FEoR vy s5S Avof 01“ FHe] FHEE
o mee] WA ujEE A4S, geh A%A =t A4 AAAZ olgeta wwel A A%, A
) o

U Zauglgdd gHe] AR &2AE AEd Hasts Aol avpolrtt® $-g= Ulﬂ?ﬂ% FHol At nf
18 g 71 A7lE AEE o4 MY aEs ANES I

23.63 x|.A-I MA

EE9 uitrt Weo| RAer] fsid SEel og #d EHEE 5% £ 9
vit] Ao ulgl z}AMo] ol = AL olele}l o] FL3T). Figl7: A
A =2 el

W
Fig. 17 Free Body Diagram of drone

. _1,h
my =— Wy a’+h* Xcos(r—6" —tan 1(E))

.. 0.111
=— WV0.381> +0.111% X cos(r—90° — tan 1(O—))

0.381
=1.76 kg

N: normal force applied to the front wheel-legs [N]
T: tangential force applied to the front wheel-legs [N]
h: distance between wall and center of gravity [m]
a: The distances from the center of mass to the equivalent centers of force of the front and
rear feet [m]
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W: weight [N]
my: mass that magnet can handle [kg]

2

Ak W Abele] AT A o] Tl ws) gken®, F= I;A 1245 A8 T MISUMIA
Ho

o vetH ERaE 8 b2 A% EE7F 3,1006~3,300G0 715 7H A% 15mm, 77 Smm

=
=
9 9Y AL AAFHT e 4002 Fa AN 4P E 5 Ak FAS =@

O

2 ™ 2
. X —X0.
7BQ><A 0.31 1 0.015

m = = — = 0.69 kg
2y X g 2x 47> 10”7 x9.81

0.312 % %x 0.0152

mXn = Xn = — x4 = 2.76kg
2 X g 2x 47 %107 7% 9.81

F @ force
A the cross-section of the area of the pole in square meters
B : the magnetic induction exerted by the magnet
1o © the permeability of a vacuum

FHE whegrh BN T F Qb Ha A AT} 40 BE 276kg0E AALET o]
GEdelnE EE Aol AR AL AL F9A 103 2RGE 5424 DL 065ke05 o
£4h3) 0.0skg Aol E mATh Z HHe AN AFE INE 207ke A Aol A, vhalel Bt

L o L

R = p
AshAl A HAT A9, 449 vl ReMol FFE Fol F5A SIYBE T Wk e
AH o) A4 ST 0.65kg x4 = 2.6k AFE B F ol a7l Al

2364 TSF ZE MY

§5o RPMe] ¥ wheg 5 Al flobdlm o] sl AuE H7 Azl g A 7
oz P@ Webq REe] 75 SEnTE 38 vgon BHE A4an.

T g B EHER 3 B 27EHe Ede the A3 2k
T, = 2.0kg X 9.81m/s* X by = 2.0kg X 9.81m/s?* X 11.115cm = 217.78 N*cm

Fig. 18 Wall attachment by Wheg & Center of mass
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EE7} 27folnR RBE 17 FEdlof st EdE vhe 3 2o
217.78 N¥em /m = 217.78 N¥em /2 = 108.89 N*em

Tk
Rl
o

¥ (ZXgH)

42.5mm

Fig. 19 Measuring the force of magnetic
A4 o] Bzl o REC QTHE EIE Fig 199 A4 SHOZ =ESUTH
X (M gasure = Muneg) X g = 4.25¢m X (0.975kg— 0.051kg) X 9.81m/s”
= 36.620 N*cm

r . distance from surface to center of the wheg
My easure - MaSS that measured by Hand scale
Myne, - Wheg' s mass
g: gravity

s fs) FAZE 7k SJof steR R v 1EA Aes Ad 73 AEEHE TE
wE Agaolrh. B3 ol d9e: B3 45e 4 7]
o) nEAE 71 AurEe g Wgse TR el et

S AZe AT 0 FRES e el

SJR1

S
=

\Y%

(2) (b)

Fig. 20 (a) Servo motor using potentiometer (b) Servo motor using a resistor
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MEEEHE 7hAA ] EAshy 707t 3]

Adshm ZhwAge] o] KTl wet v, o HdEle A
ol et dEE A4RE ATt A4uAS glo] AREEE AMESE7] 98 Fig. 20 32wl %
o] Aag wixsA AvtA vV, A Aol A T3 o] st A €k
3 MEEEE 20kg AFS lem AZAA 5 F dE 45 7ML Ak ﬂ% A 87HE EAY
38.642 N*cm + 108.89 N¥em = 147532 N*emE 5ot EJE AU Jou=z FF5R AHEEH X

o ==
s =58

23.65 87 1™ E MA

07 nARE Fig 217 o] ARRES oot AurE £ BER A% wHAZe 2753
ook §271%F WElm B2 A9 Al daolA v ol REA e AAUT. WAl Fol wheg

g
B YR A, 0 ANE BER wgdE 2AF Fi Ak HHoR AuRye] BAE AR
we 4 ek

Fig. 21 Wheg fix parts

E2 Zolo] AL Al HAE 10inch Z2HAZ 18] 10inch / 2 = 5inch = 127mm ©]3}¢] o] o]
st WEEA Zeoh g, 1ve] FelEd ek FEF wigd vbH e T4 7 HA Eoldd
40.016 mmE F7}8Fo] ¥o]= 127 + 40.016 = 167.016 mm= Fig. 22 (a)a} 2ol AAS A, w3 "gE
¥ AREEZE e dAste 2o SNk X GRS, dihAdH vE J9 47 Ao
116.815mm ool vt F7} EAs =S AA S % o Pr%% Fig. 22 (b)o} #o] 3 F55 t}
o} AW Atolo] WP o] A EF o] HAnpF I} npEe] TS A wow AT ¢ JYEF A

Astth w3k gz TeAel 7o) QlEE A sk

ctal MEZE

(a) (b)
Fig. 22 (a) Front leg of frame (b) back leg of frame
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237 2ZEQof MA
LEA s 2T A 2EQl Pixhawkd(PX4)E T3 =29 HS Aot PX4= Al Ed Ol X

2 1MW O R PX4 SITL (software in the loop)E A3t o]E T3l duglE 2 A o] 7bssit.
1 % PX47F AAFE oFE A2~ 3D 2HE O AEHOIEQ GazeboS AME3ATE PX49+ Gazebor
Ky

ROS(Robot Operating System)7]¥F Z#] 1208 T3 B4 ZZEF MAVLinkZ F415}4 SITLS 433k
k. Fig. 232 AlE# ol dolg 555 ek

Gazebo |==p| Plugin |==s] MAVLink |===p] SITL

Fig. 23 Data flow of simulation

[
ri
Lo
H

E9018 AAE7] Aa) AHEF AAAL Fig 149 2o},

Table.14 Development environment

LT E o] H
Ubuntu 18.04 (Bionic Beaver)
ROS Melodic
Gazebo Gazebo9
Q-Groundcontrol Daily 21-06-13
VisualStudio Code 1.59.0

roll

F5 1

pitch

[<]

F3

o
v

6 2

Dl
o
et 3)

H

4

2|

Fig. 24 Explanation of Pitch, yaw, roll
Fig. 24 =29 7leiA= P} A4S JeERNE pitch, yaw, rollS UERAT B =28 Aojalr]
3 AHre] BEE W3 $F3of k. Ao 7= AA R PitchztS Q1A Fte] AMREE AoS 3 A
Wel REuEEES AW FHo] FAHES g}
ot AAZ =2 weldgS AlEg ol Ao AFE37] 93l Solidworks®] URDF exporterS Al&-3}o] 2
&, TATA, g3 ZJES BEA T 22X ¥4 54 S ROSY Tl €8¢ URDF(Unified
Robot Description Format) 3= WSt} ©]& Gazebo WHO|E &3l SDF FYZ WHIA|7]a1 HH,

:LI
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T Tl Bad Zeads F7H3.
L C++ golB 2] Z Gazebooll A 7 A
2

olF, F7F 2 AlA, AA deolE H
t} ¥ SDF 9<olli= Table.159} & 281

918 Abgssie

RS

Table.15 Plugin

Ze ]l 2= Zg9 AT Y
Zelaglel Alojg wEe xIIES} YaE
<plugin name='front_left_top_motor_model' A A& ar, 3| WS A e,
filename='libgazebo_motor_model.so'> H2E Y EA HEE agdta, B4lo=z RE
EL25 Ao,

<plugin name='mavlink_interface'
filename='libgazebo_mavlink_interface.so'> Al %L

<plugin name='gazebo_imu_plugin'
filename='libgazebo_imu_plugin.so'> =75t

<plugin name='magnetometer_plugin
filename='libgazebo_magnetometer_plugin.so'>

<plugin name='barometer_plugin' o s -
. N - NGAE Fose] 29 J1ghastE SYw
filename='libgazebo_barometer_plugin.so'>
<plugin name='groundtruth_plugin' el F471E Frrsie Z1AY] dA A E
o 4 QA @k

filename='libgazebo_groundtruth_plugin.so'>

At} = Airframe¥t MixerE CMake 3ol F71sle] nt2/ W= = 4 QL= 3lal, PX4
Gazebo SITL Z0r]¢] SDF ¥ % Mesh 3US F713t o]F Fig. 259 Zo] 7AE AT F Adx=
AdSs ®we 7Ae T4 2 2Fs

A= A| 22191 Q-Groundcontrol & AF&3}0] Gazebooll Al 7|49 &2 A&
vl v F x4 WE ol gl 2o v 20 84 TS Agste] v

PN
T A
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Fig. 25 QGC, Gazebo Communication

PX4+= e el RE HIEE A A= Airframe, 2F HWHS 757 9y o2 A= Mixers) Al
o715 B $4900] AR}

Felt % o) ANREE ool AME WA, £1 Er Qele) AR EWPss mEg E
A S, SAR 71E Airframedl = S-217F 951 Bde] 24 ok AR S Airframed A2 obgil,

w2t VTOL Duo TailsitterS 7]HFo.2 A 2§ Airframe s A 213}t VIOLS HEFH =21 MC
REol mACl Bl FW RER o] Fo]x a1, Tailsittere= 2 0.2 o] F3le] AS WAL 3
2 H|33}= VIOLS 523kth. VIOLS MC(Multi-copter) === B85ty A4 X2 @A
W7 2 25 FW(Fixed-wing) 2 =2 2 33te] A4S WA sl VTOL Duo TailsitterS 7]k
Airframe AZFal7] A8 WAk b stebulEE mEel %, cdevonst fEAA ] ROt @
elevons &3 AAl AlojE MEEHRE thiletr] $1@l Table.l67 o] WS AAH .

Table.16 Airframe plugin

Airframe parameter A
VT_MOT_COUNT 4 VT R=d o F4& A3ees 2H <4
VT_MOT_ID 1234 VT R=d o 298 AFss 2E QY W
VT_ELEV_MC_LOCK 0 MC EE=o A elevong Ab&eb#] &S
CBRK_AIR.SPD_CHK 162128 as A AasH e
airspeed
FW_ARSP_MODE 1 airspeed AA7E gl 71AE S8l fE5AA v &g 3t

VTOL Duo Tailsitter= 2702] REE AFEAIRE 43te 7AE 4719 REHE AlEstmg ggnEel
param set-default VT_MOT_COUNT 4, param set-default VT _MOT ID 1234% ©]&3l] FWREY wf Ant
o BE 4ME AESIE S Str) S VA Yawsl F8HE EtE HAE st ZEE Aofgit)

ElevonS A B EE ] 33} pitchE A 3T} param set-default VT _ELEV_MC _LOCK 0E ©]-&3}%]
MCEEZY W elevons AFE3A] ZE=Th elevon?] WA & Aux Aol @dstal VIZREY W pitchE A
oat=E 3. 544 flo] ZIAE FAEA717] 98] param set-default CBRK_AIRSPD CHK 1621283}
param set-default FW_ARSP_MODE 1& A}&3 #5414 Aoj71 & v&A3) g
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3HE AME 2 stsual

92 289 Smdols axEdolE AAstn, 2R A4S ARSI W o5 4P =re
ZAde SANNI AYgH £A4L wgon ARG £F 2ELY wAE AAse] ¥ Bz 1
)52 9B S on], olg FAs] A8 TPU 3D Printing® B §AF FrE AL FHoz
Mg gvhg £+ gE WY BF AUZS ALFAL o Baf W o)% R RHo| AsH AAE
2 AFs Aol we HE ANREe Fig 263 2ok

B

Fig. 26 Wall climbing drone using wheel-leg & Tilt Rotor mechanism

(©) (d)
Fig. 27 (a) Horizontal hovering (b) Changing attitude (c) Vertical hovering (d) Attaching to the wall
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=29 FEEAE Fig 279 2ok

(@) 78 FHE o]F3le] WP ke d3te FAhE olF
(b) AREE HEE B3 24 W7

(c) Pitch?t 125 G3l N REEE Aol 72 EHd

@ Hd R L o]%

o
At
o
)
o,
il
off A
%
>
X
i
ol
iy
o
4>
Og(::’
]
>
30,
k
S
e
v
i)
B
rlo
4
Do
o
18
A
o
v

(b)
Fig. 28 Tilting parts (a) Before tilting (b) After tilting

HERLE =29 AAE ¢33 FHoltl MEREE B8 HEE &9 o HE A Fig 28
(@9} Zo] =2 ZHUy FHoE X5, HE T Fig. 28 (b))% 22 =8 Zy Ay 7 ol
th 9ERE= AAS FY3Al 2EH, B v E, AREH £ NEREEHRZ FAHT. REREEC =
RE 7} AR X Co-axialS T-33F3 T

-3 83

c

HH AE
TPU (flexible)

N s £
ABS (inflexible)

(@) (b)
Fig. 29 (a) Side view of Wheg (b) Front view of Wheg
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TEHE w5 9 o]Fs §e Fto|th AWl ®okS wl Fig. 29 (a), FHAAM RS
Fig. 29 (0)%] FA<S 714t Wheg v ©ebat 27191 ABSE o] Fo]7 ule] %3} 9% TPUR
NESERRE mz; ;m;m v S 34 1 7] 98 v E X*ﬂh v S3 AW, A ERE e}

Astgla QPgAel w9 ol FE sl

| TPU (flexible) |

Fig. 30 Wheg sheet

Fig. 309} 2ol 24 §lo] TPUS 2XE Tz Az Ao 1AW F Aee AFAAT. AL
qw B2 9 0§ FolE o XS Yol weh Aol thE ANoz WAE Folsuh

) ukF7} S Ask] AEe Lzl 14e] 9eg Selsl

AAF Wheg uhFle] WW B, o]F UL FEath wHd ¥ F wFzt ddss AAUS
& Fig 313 2ok wiEE oW BA F ouAy ARREZ 45e Saat 88 F o st Y
Wl 2AshE A4 Qo] o8] Fde] fEse] AL W BT, Que] wgo] wrEum v
W olEA Aol Shibe] AEL Wue] HAES selehsr)



Fig. 32 Attached drone (a) Side view of attached drone (b) Front view of attached drone
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33 ggget 2 I3t

Table.17 Expecting effect

Nag A7 A, A 47 59 nH =& sl 7l
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