
Module-6

Lecture-28

Flight Path Equations, Gravity Equations and

Combined 6-DOF Model



Flight path equations

• Relationship between components of the linear velocities between the body fixed

frame and earth fixed coordinate system.

• In X ′, Y ′, Z ′ frame (earth fixed)

V ′ = Ẋ ′̂i + Ẏ ′ĵ + Ż ′k̂

• In X, Y , Z frame (body fixed)

V = Ẋ î + Ẏ ĵ + Żk̂

• Since assumed frame (X1, Y1, Z1) is parallel to (X ′, Y ′, Z ′) frame, so

U1 = Ẋ1 = Ẋ ′

V1 = Ẏ1 = Ẏ ′

W1 = Ż1 = Ż ′

• Using transformation equation from reference frame (X1, Y1, Z1) to reference frame

(X2, Y2, Z2)
U1
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W1

 =


cos Ψ − sin Ψ 0

sin Ψ cos Ψ 0
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
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 = RX1Y1Z1→X2Y2Z2


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
• Using transformation equation from reference frame (X2, Y2, Z2) to reference frame

(X3, Y3, Z3)
U2

V2

W2

 =


cos Θ 0 sin Θ

0 1 0

− sin Θ 0 cos Θ
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

U3

V3

W3

 = RX2Y2Z2→X3Y3Z3


U3

V3

W3


• Using transformation equation from reference frame (X3, Y3, Z3) to reference frame

(X, Y , Z) 
U3

V3

W3

 =


1 0 0

0 cos Φ − sin Φ

0 sin Φ cos Φ
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U

V

W

 = RX3Y3Z3→XY Z


U

V

W


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
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 = RX1Y1Z1→X2Y2Z2 .RX2Y2Z2→X3Y3Z3 .RX3Y3Z3→XY Z
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 = RX1Y1Z1→X2Y2Z2 .RX2Y2Z2→X3Y3Z3 .RX3Y3Z3→XY Z
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Ẋ

Ẏ

Ż
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Ẋ ′
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Gravity equations

g = k̂′g = k̂1g = k̂2g = gX î + gY ĵ + gZk̂

From previous discussions

k̂2 = − sin Θî + cos Θ sin Φĵ + cos Θ cos Φk̂

so

gk̂2 = g
(
− sin Θî + cos Θ sin Φĵ + cos Θ cos Φk̂

)
= gX î + gY ĵ + gZk̂
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gX = −g sin Θ

gY = g cos Θ sin Φ

gZ = g cos Θ cos Φ

Combined 6-DOF model

Figure 1: Block diagram showing the integration of the aircraft equation of motion
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