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Guidance and Control Algorithm for Waypoint Following of Tilt-Rotor
Airplane in Helicopter Flight Mode
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(Cheolkeun Ha and Han Soo Yun)

Abstract : This paper deals with an autonomous flight guidance and control algorithm design for TR301 tilt-rotor airplane under
development by Korea Acrospace Research Institute for simulation purpose. The objective of this study is to design autonomous
flight algorithm in which the tilt-rotor airplane should follow the given waypoints precisely. The approach to this objective in this
study is that, first of all, model-based inversion is applied to the highly nonlinear tilt-rotor dynamies, where the tilt-rotor airplane is
assumed to fly at helicopter flight mode(nacelle angle=0 deg), and then the control algorithm, based on classical control, is designed
to satisfy overall system stabilization and precise waypoint following performance. Especially, model uncertainties due to the tilt-
rotor model itself and inversion process are adaptively compensated in a simple neural network(Sigma-Phi NN) for performance
robustness. The designed algorithm is evaluated in the tilt-rotor nonlinear airplane in helicopter flight mode to analyze the following
performance for given waypoints. The simulation results show that the waypoint following responses for this algorithm are

satisfactory, and control input responses are within control limits without saturation.

Keywords : TR301 tilt-rotor airplane, waypoint following, model-based inversion, adaptive sigma-phi neural network
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29 1. TR301 BERE #37).
Fig. 1. TR301 tilt-rotor aireraft.

Z 1. TR301 €E=ZF 27| AH.

Table 1. TR301 tilt-rotor aireraft data.

LA TAFEOFF WEIGHT 1300010 (5897 kg
SDAN 5TR2in (1742 )
LENGTH 478171293 m)
HEIGHT 15 £ 4 in (467 i)
PROPROT OF. DLAN 258 0in (762 m)
SPEED 332 mph (615 k)
at 17,000 £ (5180 m)
HA9rph (381 kvt
CREUISING SFEED
at 16300 f @970 m)
INITIAL CLIME 3,150 f£.(560 m) per min
CPERATIONAL RANGE 512 mles (825 kar)
PlEch
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Fig. 2. Control inputin airplane mode.

o= 3. A2)7E mee] Aojyd.

Fig. 3. Control input in helicopter mode.
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Fig. 4. Autonomous flight guidance and control algorithim in heli copter mode.
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2. ExZ(120knots).
Table 2. Trim conditions(1 20Knots).

State Values Control Vanables
Vr [fiis] 202.5600 Kook [in] 8.791102
ot [deg] 2953489 X 12 [in] 2317183
£ [deg] 0.000203 X 17 [in] -0.000017
P [deg] 0 X pp[in] -0.000040
Q [rad's] 63.54408 B [deg] 0
k(Y 1000 Fy 1
£ 3.4 8y
Table 3. Stability analysis.
Mode Figenvalues
Eigenvalue -1.23+2 631
Natural 20
Short Period |  Freq.(rad/s)
Damping
Loneitudinal Ratio 0.424
Motion Eigenvalue 0.0761+0905
Natural
Phugoid | Freq.(radls) 0.98
Damping
Ratio 0.0838
Eigenvalue 0.102+0.1211
Natural
DutchRoll | Freg,{rad/s) 0.158
Lateral Darmping 0.644
Motion Ratio
Spiral Figenvalue 0.0811
Roll .
Subsidence Eigenvalue 144

E o4 AEHE AR HPB
Table 4. Autonomous flight waypoint data.

b | XNorth [ Y East | aiiude | Valocity
() ® () (Knot)
0 0 0 1000 55
1 1000 500 1000 55
2 3000 500 1000 55
3 3000 2000 1000 55
q 5000 2000 1000 55
3 5000 500 1000 55
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Fig. 7. Waypoint following results(2D).
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Fig. 8. Waypoint following results(3D).
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Fig. 9. Command following responses in irmer-loop.
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