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Analysis of Handling Qualities for Smart Unmanned Aerial Vehicle
in Helicopter Flight Mode
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Abstract

The aim of this paper is to analyze handling qualities of tiltrotor aircraft(TR-S4) in helicopter flight
mode including hovering and forward flight. Analysis of handling qualities is composed of aircraft
response to control inputs that effect on stability and controllability. In short term response analysis,
bandwidth is the critical parameter for small amplitude motions since it relates to the ability of a pilot
to crisply start and stop maneuver. The handling qualities of TR-S4 in helicopter mode are analyzed
with a SAS and an attitude controller and are satisfied level 1 in almost criteria with simulation of TR-S4
6-DOF nonlinear model.
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Fig. 1. Eigenvalue of TR-S4 for hovering mode.
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Fig. 2. Eigenvalue of TR-S4 for forward mode.
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Table 1. Flight condition of TR-S4 for helicopter mode

H3 R hovering forward
tilt angle N deg 80 deg
rotor speed 168 rad/sec 168 rad/sec

velocity 0 km/h 133 km/h
altitude 0 m 0 m
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2-1 Small-Amplitude Attitude Change
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Fig. 3. Short-term response characteristics for
hovering mode.
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Fig. 4. Mid-term response characteristics for
hovering mode.

2-2 Moderate—Amplitude Attitude Change
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Fig. 5. Input for moderate amplitude attitude
change.
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Fig. 6. Pitch angle and pitchrate response for pitch
attitude quickness.
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ggggggggg

274 22tag A7)

=1, = —

Fig. 8. Roll angle and rollrate response for roll attitu
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Fig. 10. Yaw angle and yawrate response for yaw attitude

quickness.
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Fig. 11. Yaw attitude quickness.

2-3 Large-Amplitude Attitude Change
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Table 2. Requirement for large—amplitude attitude
change — hover mode.

ATTITUDE RESPONSE-TYPES

ACHIEVABLE BANK ANGLE

AGILITY
(deg)

CATEGORY MTE

LEVEL 1 LEVEL 2 and 3

Pitch Roll Pitch Roll

Limited Agility

Hover

I+

+15 5 £7 | £10

Landing
Slope Landing

Moderate Agility
Hovering Tum
Pirouette

+20

+
<

Vertical Maneuver £ 13
Depart/Abort
Lateral Reposition

Slalom

Aggressive Agility
Vertical Remask
Acceleration Deceleration 120
Sidestep

Target Acquisition and

Track

Turn to Target

agility ﬂ%ﬂ W$%% ApA] 5}
moderate agility 7152 4T HA¢=
TR-S40l| tisir = o]
212ty 27te] 24z} X

3= Alo)71E AA s

=0 o
EXSED

Aol71E AA
gatolof @
71A4®v4%wﬂ )
~4%4£“ﬂﬂ#%51%ﬂ%
Yol A ETE

£5




|46 /A1, 1<1.0 deg /ft] sec *

@)

= wgz 2 Jlﬂ_ﬂ. Aol thalAe 20% o4

9] B3 W3E Folof dnk. 479 e 23 o

Sol Bz < ] BEg o} she 2738 o9} 2
o

|A© e/ An ; 1€0.5 deg/ft/sec * :up (3)

|46 /A, 1€0.25 deg /ft] sec *: down
@)

mlm

a9 129} I 132 TR-S4 7j 7o) A4 a3}
=7st7] slsted Alof7] glol WAy AlEelold
F3e AoYdE e 120 FYEB JF S
Aom, o] W B W38 +17.8%0]th 42717
o Arj FA7HEE Hstol the Ao »)x)7 s}
S 012N FAZNE e A
t}.

N e

pass ﬂtlo

35 2~
= T

ol

S=3)3)eks] =22 A 9 A A 2 3 20059 12€

time(sec)

a7 12, BE= ol tiEt DX FAIISE
Fig. 12. Pitch angle and vertical acceleration for
collective input.
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Fig. 13. Pitch attitude coupling for collective input
(collective input, forward speed, torque)
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Fig. 14. Pitch axis coupling for roll angle
command(control input, pitch angle).
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Fig. 15. Roll angle response for roll command.
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