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Trajectory optimization of aircraft based on minimum fuel consumption

Oft Kt Y, texfeE—?2, 2Bk
Daiki Nakamura®, Shuichi Sasa? and Akio Abe?

Abstract : Air traffic has increased in number in recent years due to the increasing globalization. To cope with the increase in global
air traffic, Trajectory Based Operation(TBO) are being planned. Study of optimization techniques in order to realize the TBO is one
of the important items. In this paper, minimum fuel trajectory of an aircraft is calculated using a optimization technique of dynamic
programming. As final time is not fixed, time variable was converted to distance, and original problem was transformed to fixed

interval optimization problem.
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dV,,s /dt =(T —D—mgsiny)/m (1)
dy/dt=(L-mgcosy)/mV,, )
dx/dt =V, cosy 3)
dh/dt =V, siny 4)
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dV, s /dx = (T =D —mgsiny)/mV,,, cosy (11)

dy/dx =(L—mgcosy)/mV,,,’ cosy (12)

dh/dx = tan y (13)
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J= L? (CT/VTAS COS}/)dX (14)
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Table 1 Grid spacing

Lower Upper Grid
limit limit Resolution
Distance [km] 0 900 30
Altitude [m] 3000 12500 100
True Air Speed [m/s] 128 240 4
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Table 2 Constraint condition
True Air Speed [m/s] 128 <Vqpg <240

Altitude [m]
Flight Pass Angle [deg]
Thrust [N]

3000 < h <12500
-5<y<5

T <Tha

Table 3 Boundary condition

FiEES TiRE

Initial condition

Final condition

Distance [km]

0

900

Altitude [m]

3000

3000

True Air Speed [m/s]

128

128

free

Time [s] 0
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Fig.1 Optimal trajectory
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Fig.3 Flight pass angle
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Fig.5 Lift to Drag ratio
Table 4 Fuel consumption and Flight time
Fuel consumption Flight time
DP 2600kg 69.5min
SQP 2658kg 70min
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