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[Abstract]

This paper constructs a precise dynamics model using flightlab, a specialized program for rotor modeling and performance analysis,
to simulate urban air mobility (UAM). flightlab is well-suited for detailed modeling of UAM, particularly requiring detailed
aerodynamic characteristics under high-altitude and urban wind conditions. The study focuses on implementing and analyzing a
lift-cruise UAM model with distributed propulsion using flightlab. The lift-cruise model integrates motors for vertical take-off and
fixed-wing flight. Given the limited specific examples of such UAM models in flightlab and challenges in evaluating with
conventional fixed-wing or drone models, this research implements and verifies the lift-cruise model using matlab, comparing its
performance against flightlab results to validate the modeling approach. This research aims to explore the potential of flightlab for

detailed UAM modeling and contribute to technological advancements in future urban transportation.
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2-1 UAM model
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Table 1. Model parameters

mass 13.5kg | wing area 0.55m>
vertical height 0.35m | wing span 2.89m
horizontal tail area 0.135m>2

vertical tail area 0.105m>2

horizontal tail volume ratio 0.6

vertical tail volume ratio 0.05
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2-4 Airframe design

1) Fuselage design
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Table 2. Blade property.

BRX non-dimensional rotor station
BCHORD blade chord [ft]

BTW blade Twist [deg]

BCGOFF Chordwise C.G offset [ft]
BSEGIXX~ZZ blade inertia distribution [slug-ft]
BMPL blade mass distribution [slug/ft]
BSEGEO blade mid chord offset from ref [ft]
BSWEEP blade tip sweep [deg]

BDROOP blade tip droop [deg]
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2) Aerodynamic surface design
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Table 3. Fuselage aero property.

FAOAARG array of angle of attack points [deg]
FBETAARG array of sideslip angle points [deg]
FCFX~ZTAB force coef table in body axis
FCMX~ZTAB | moment coef table in body axis
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Table 4. Contorl surface CSGE data address.

motor speed world_data RTRSPD

control surface | world model_airframe_aesurf eirtail u

control stick world_model_control data_x

control trim world model control data xtrm

3) Sensor design
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Table 5. Sensor, pilot station CSGE data address.

flight speed world _data VGND

height world data AGL

angle world _model control data phi~psi
angular rate world model control data sensor
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Fig. 3. Fixed wing CSGE.
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T8l dlL ol 1 99 o] H|3] Alv}E] L. HIAE 3 E 7. Flightlab control surface 24 E& Al
AL Z314 B3 A 2] trim state S SB35} A FE <= 9L} o} Table 7. Flightlab control surface trim.
o 63} 7 7€ 22t ) Aol ol & trim state S LHERIATY, [ deg]
aileron elevator rudder
hover 0 0 0
transition 0 22 0
cruise 0 3 0

2-7 Matlab model simulation design
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Fig. 8. FLMV2 model plot. q=M,+prl, m/
T— M + pq JU/ (2)
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Table 8. Matlab thrust trim.

[ RPM ]
T T2 T3 T4 T5
hover 3743 | 3743 | 3743 | 3743 | O
el )
a8 9. ALIRIQ E|AE transition 2486 | 2486 | 2486 | 2486 | 2815
Fig. 9. scenario table. cruise 0 0 0 0 4238
E 6. Flightlab thrust &4 E& ol F 9. Matlab control surface 2! EZ| Al
Table 6. Flightlab thrust trim. Table 9. Matlab control surface trim.
[RPM] [deg]
T T2 T3 T4 TS aileron elevator rudder
hover 3953 | 3953 | 3953 | 3953 | O hover 0 0 0
transition 2617 | 2617 | 2617 | 2617 | 2738 transition 0 1.8 0
cruise 0 0 0 0 4257 cruise 0 3 0
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2-8 result compare & analysis
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