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1-1) Longitudinal Free Motion:
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1) Aircraft Free Motions

Mechanics of Fligt , Aircraft Time Responses:
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1-2) Lateral Motion :
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θ s( )
n41 s( ) u0⋅ n42 s( ) w0⋅+ n43 s( ) q0⋅+ n44 s( ) θ0⋅+

s4 a1 s3⋅+ a2 s2⋅+ a3 s⋅+ a4+
=

q s( )
n31 s( ) u0⋅ n32 s( ) w0⋅+ n33 s( ) q0⋅+ n34 s( ) θ0⋅+

s4 a1 s3⋅+ a2 s2⋅+ a3 s⋅+ a4+
=

w s( )
n21 s( ) u0⋅ n22 s( ) w0⋅+ n23 s( ) q0⋅+ n24 s( ) θ0⋅+

s4 a1 s3⋅+ a2 s2⋅+ a3 s⋅+ a4+
=

u s( )
n11 s( ) u0⋅ n12 s( ) w0⋅+ n13 s( ) q0⋅+ n14 s( ) θ0⋅+

s4 a1 s3⋅+ a2 s2⋅+ a3 s⋅+ a4+
=

Laplase of State Variables :



ψ s( )
n51 s( ) β0⋅ n52 s( ) p0⋅+ n53 s( ) r0⋅+ n54 s( ) φ0⋅+ n55 s( ) ψ0⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
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s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=

r s( )
n31 s( ) β0⋅ n32 s( ) p0⋅+ n33 s( ) r0⋅+ n34 s( ) φ0⋅+ n35 s( ) ψ0⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=

p s( )
n21 s( ) β0⋅ n22 s( ) p0⋅+ n23 s( ) r0⋅+ n24 s( ) φ0⋅+ n25 s( ) ψ0⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=

β s( )
n11 s( ) β0⋅ n12 s( ) p0⋅+ n13 s( ) r0⋅+ n14 s( ) φ0⋅+ n15 s( ) ψ0⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=

Laplase of State Variables :
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2-2)  Lateral Transfer Functions :

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

u s( )
u s( )
δe s( )

δe s( )⋅
u s( )
δth s( )

δth s( )⋅+=

θ s( )
δe s( )

n41 s( ) Xδe⋅ n42 s( ) Zδe⋅+ n43 s( ) Mbδe⋅+

s4 a1 s3⋅+ a2 s2⋅+ a3 s⋅+ a4+
=

θ s( )
δth s( )

n41 s( ) Xδth⋅

s4 a1 s3⋅+ a2 s2⋅+ a3 s⋅+ a4+
=

q s( )
δe s( )

n31 s( ) Xδe⋅ n32 s( ) Zδe⋅+ n33 s( ) Mbδe⋅+

s4 a1 s3⋅+ a2 s2⋅+ a3 s⋅+ a4+
=
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δth s( )

n21 s( ) Xδth⋅
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=
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s4 a1 s3⋅+ a2 s2⋅+ a3 s⋅+ a4+
=

u s( )
δth s( )

n11 s( ) Xδth⋅
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=

Transfer Functions of Langitudinal State Variables :
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2-1)  Longitudinal Transfer Functions :

−−−−−−−−−−−−−−−−−−−−−−−−

2) Aircraft Excited Motions



β s( )
δR s( )

n11 s( ) Y1δR⋅ n12 s( ) L1δR⋅+ n13 s( ) N1δR⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=β s( )

δa s( )
n12 s( ) L1δa⋅ n13 s( ) N1δa⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=

p s( )
δR s( )

n21 s( ) Y1δR⋅ n22 s( ) L1δR⋅+ n23 s( ) N1δR⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=p s( )

δa s( )
n22 s( ) L1δa⋅ n23 s( ) N1δa⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=

r s( )
δR s( )

n31 s( ) Y1δR⋅ n32 s( ) L1δR⋅+ n33 s( ) N1δR⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=r s( )
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n32 s( ) L1δa⋅ n33 s( ) N1δa⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=

φ s( )
δR s( )

n41 s( ) Y1δR⋅ n42 s( ) L1δR⋅+ n43 s( ) N1δR⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
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n42 s( ) L1δa⋅ n43 s( ) N1δa⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=
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δR s( )

n51 s( ) Y1δR⋅ n52 s( ) L1δR⋅+ n53 s( ) N1δR⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=ψ s( )

δa s( )
n52 s( ) L1δa⋅ n53 s( ) N1δa⋅+

s s4 d1 s3⋅+ d2 s2⋅+ d3 s⋅+ d4+( )⋅
=

β s( )
β s( )
δa s( )

δa s( )⋅
β s( )
δR s( )

δR s( )⋅+=


