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Development and Flight Experiments of Scaled-model AAM Aircraft
With Boxed-wing
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Abstract: Advanced air mobility (AAM) is being developed to address complex transportation challenges in urban environments. In
this study, a scaled model of a boxed-wing tiltrotor AAM has been designed and implemented through simulation and flight testing,
establishing a foundation for the future commercialization of AAM. All structural and aerodynamic factors involved in the design of
the Boxed-wing were considered during the initial stage of development, and its aerodynamic performance was analyzed. A software-
in-the-loop simulation was conducted by integrating the Gazebo simulator and PX4 to verify the performance of the simulation model.
The model successfully followed the predefined waypoints during the simulation, and the control parameters derived from the
simulation were then applied to the flight test. The key parameters among them were validated through the flight test, confirming their

effectiveness in ensuring a stable flight.
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Fig. 1. Development process of the scaled-model.
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Fig. 3. Configuration of the final design.
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Table 1. Design requirements for the scaled-model.

Parameter Scaled-model
Propulsion method Electric propulsion (battery)
Wing area 0.641 m?
Wing span 1.58m
MA.C 0.263m
Aspect ratio 6
MTOW 7.6 kg
Airfoil (front/rear) NACA 4412
Cruise speed 22m/s
Stall speed 12.5m/s
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Table 2. SILS configuration programs.

SILS components Programs and Tools
GCS Qgroundcontrol
Simulator Gazebo 9
Communication Protocol MAVLink
Simulation Builder PX4 toolchain
Model MAVLink
<o Communication
Physics + Aerodynamics
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Communication protocol

Actuator <— Configuration

Simulator
MAVLink APT

Simulation Builder = - -
Simulater
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Fig. 9. SILS configuration diagram [19].

MC Mode

1% 10. Gazebo Simulatorol| A &24~7] &7
Fig. 10. Scaled-model configuration of Gazebo Simulator.

ZRafo e dA AAY] E8 §

i, ok Eagle s TAle] F
2l shdo] 8-o]3lt). Gazebo Simulatorol 4]
FHle XML (eXtensible Markup Language) 7]4+<]
Uz AejEm, 7}

5, EY A2

SDFormat (Simulation Description Format)
2 A4 7)Ae] BelE =4, 2
olg 4 glek. 0|8 B4, Holw Al2w BN A

= o

o=
Heo|de salabn] A4 nant Sols dhalow e
Blo} Ao] o] 5L gyfHo=m AT & 9rk FEE

SILS+ GCS (Ground Control System)$} MAVLink - 2 &35
olgalol B, ol%, Aol, A% Tl e Pela,
Ao Ale] AHE wUERE S ek TR 102
Gazebo Simulatorol| Al HEA 02 3% AAM F47]9] &
Aol
2. v Mo ml2jojg MY

SILS 3HHollA 853 N8 2= A w8y 29 5
dst ARE I Aok mEbA, sl 21 A4S vl
°oF AFE g = JE=F Uy SEEE
2 ZFo MC R= s,
A 7 HEY] Aatstd ~EE
SHA ) whHo| =3} 13y

ETR

i

o

2 FW B2 21831, TECS (Total Energy Control System)S
B3l £xo 1=E AP, Y3 mixers: F3 FE

©

Q3}t} 53], Tiltrotor W22] 73 4 Wby
Al wstR Qs EPdad 4 dth PX49] o] v
AN A= AAM F5E7F Ao O Vgjeng ol EEH,
Ve & v ol SlEshs WE gEe] 18 1§ sAvE
WA 7] AZREITL Vg ong © MC REOIA] FW RE= H3H
HE A HEE MC BEo| WH 7FA7F A3k fhaskal
FW RE9] g 77t S7khs £& A 5ot o] £%
of =gl Azl Fo o8 AAM £7t AAF F7lska,
Virans & &7 24 vpy,, WE JETORE AoJ7} o] F
o). o] AN YE ZByc, Brrans Opw )= MC B
oA HolZ 7z FW R Pgaon M3k 5 Qe
S Bt} o2 5O, Vppgns 7F AUIAl =19, A
o] oA FW BER A ), v =& &£7f 97
=, i Hg FE8 A XshH FW BER [

[*)
AT, R, Gyrans o ZHE7E LT 2

a8

i

o] o|FolAA e %
A T FRE S A e AT bsiel 9

D]’. O]T‘:‘ %1'/"1 ?jT—ﬂLﬁ\l VTransgl' VBlend o]]l,:_ ogéoh% U]i]E_i,
olelgt stetulElEe] HHet 2] WsHolnk. wheka
ol we}

I~

3 d9e] 7lX7E G, ZF dAllA B
Heol €E Z}3 &0 WelE #Aste] RHETAQl SILS &
AL Sl AR Mol -5 A AUk AlEH
ol el A Algh Mol Alo] Fepry W Fw REeo] 1y
He sabdos 24ESow, HE A4H zo] Alo] gt
"B & 3 390 eI

a9 12+ WHEAR] gk E THOR
A%l waypoint ] H =2} o]wje] F5 Bl gl vigh
o] WH-g-& YERATE SILS #7014 AAM 5 Z =23}
Z|gko = v)g) A2 E AAsiglon, dF A=E 7IA7t
3] FA5h= I8tk o] HAolA 53 &
9] 2d#] Ztof| t)k RMSE (Root Mean Squared Error)= Z+2t
17118, 0.61352% U}ERro 1, 7H: % o] RMSEL= 6.6125,
3.08279] #ro= SAHAT dubHow 7)) 2| &
2R= £ 25 oJuZt uiEAIE, B AFAE o)F VR

T4 T3 A

rot
N

q

o

He 2 o

=
J

Pae)
R

h
Vmc >(
Viw 3 .
{ CMD Input
A %
Virans ;‘//__’-
Vﬂlend
90°, Airspeed
Omc ‘
etrans
Orw

Tilt angle
Start Transition

19 11 PX4 Flo] Alo] shEnE,
Fig. 11. PXA4 transition control parameter.



10 Yechan Yang, Seonghyeon Park, Joonhyuk Park, Bin Seo, Nakyung Kim, Hoijo Jeong, Jinyoung Suk, and Seungkeun Kim
Transition and FW mode
30 T 10
— Setpoint — Setpoint
i = 20 —b‘styimatcd = " rviomated
— - -3D Trajectory wvt s 0
‘Waypoint Flight E‘ 10+ E-
Back = = -10
60 Transition :ﬁ 0 =
/v 4 =20
40 10
~ Transition 100 150 200 250 100 150 200 250
Time (s) Time (s)
20 I
. Sctpoint — Sctpoint
\“‘\ —— Estimated| — Estirnated|-
0 Vertical g 1
4()0' ~Landing . % F
200 - < Vertical [ — 600 = | N k 1
: Takeoff 400 = H./VJ‘ P Ao
0 . = = \
L — 200 N I/ [
Y -200 0 X U \\ ‘

a7 12, AlEdo)ld A3 Round-trip H]3Y, AFA).
Fig. 12. Simulation results (Round-trip flight, attitude).
I 3 SILS HF o] Aol FEv]H,.

Table 3. SILS final transition control parameter.

Description Parameter Value
Airspeed to blend MC and FW
controls Vsiena 8m/s
Airspeed for transition to FW
mode Virrans 18m/s
Tilt angle during transition Otrans 0.6 (36 deg)
Tilt angle in FW mode Oy 1(0deg)
Tilt angle in MC mode Omc 0(90deg)
FE 4 SILS EEle] AHA| @ AHRMSE).
Table 4. SILS model attitude error (RMSE).
RMSE Angle Angular rate
Pitch 1.7118 6.6125
Roll 0.61352 3.0827
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