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[Abstract]

To perform redigtic air traffic control (ATC) smulation in various air traffic Situations, an arcraft dynamic modd that is
accurate and efficient is required. In this research, an improved five degree of freedom (5-DOF) dynamic mode with feedback
control and guidance law is developed, which utilizes selected performance data and operationa specifications from the base of
arcraft data (BADA) and estimations using aircraft design techniques to improve the simulation fidelity. In addition, takeoff
weight is estimated based on the aircraft type and flight plan to improve simulation accuracy. The dynamic modd is validated by
comparing the simulation results with recorded flight trajectories. An ATC simulation system using this 5-DOF model can be used
for various ATC reated research.

Key word : 5-Degree of freedom flight dynamic model, Base of aircraft data, Air traffic control simulation, Takeoff weight
estimation, Trajectory validation.
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Fig. 1. Fully coupled speed and altitude controller.
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Table 1. Applied BADA parameters.

File name Use Parameters

mass, wing area, drag coefficients at each flight
phase

Specification

max. engine thrust (considering atitude change
and flight phase), specific fuel consumption

stall speed, max. engine thrust, dtitudg
threshold, max. mach number

.OPF Operation

Limitation

APF Limitation |calibrated airspeed (CAS) at each flight phase

PTF Comparison | true airspeed (TAS) at each flight phase

TAS and CASfor specific altitude, thrust, fuel
consumption

longitudinal and normal max. acceleration, max
bank angle/angular rate, cruise thrust
coefficient, dtitude threshold at each flight
phase

.PTD Comparison

.GPF Limitation
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de\ descent — Cdes de cimb (15)
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C., x(14+—="2)XT (jet engine)
Thominal — n C}Q (16)
1 (piston engine)
Thominal X Tx C}'w‘ (JEt 6ngine)
Neruise — . . (17)
fu (pzston engme)
Gy =1 EW T (et engine)
a X(I———) X Jet engine
Thnin — " (;}4 (18)
6}3 (piston engine)
7 As s ATES (Cran Cren Crass Cre
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Table 2. Selected aircraft specification.
B737-800
Max.takeoff | 2530010 | servicecaling | 12,49 m
weight
) jet engine Max. operating
Enginetype (turbo fan) speed 1749 m/s
Empty weight 41,150 kg Wing area 124.65m?
Cessna-172S
Max.takeoff | 15710 | savicecaling | 4267m
weight
) . ) Max. operating
Engine iston engine 82.3m/s
gine type p g speed
Empty weight 744 kg Wing area 16.17m?
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Table 3. Coefficients and values for takeoff weight

calculation.
Description vaue
\% cruise speed 165.1367 m/s
H cruise dtitude 10973 m
S reference wing area 124.65 m?
b, | 0.025452
Drag coefficient
Cp, 0.035815
c TSFC 1.4116e-05 kg/(sec-N)
q dynamic pressure 49794 kg/(m- 5%)
ky 3l1e12
k, -2.75e-9
) k, 11569
k, 1.47e-6
ks -40.3e-6
K, 5.12¢-2
fime climb fuel increment factor 0.0165
Sman maneuver fuel factor 0.007
fres reserve fuel factor 0.08
tyod holding time 45 min
empty empty weight 41150 kg
W, ax pid max. payload weight 20300 kg
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