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Gravity Turn and Attitude Control of Launch Vehicle

Student : Jeng-Shing Li Advisor : Prof. Ching-An Lin

Institute of Electrical and Control Engineering
National Chiao Tung University

Abstract

To put a payload into orbit, a launch vehicle must meet altitude, speed and flight
path angle specifications. Usually the flight path-angle is near zero, which means the
vehicle must turn from its vertical or near vertical launch attitude. The turning of
vehicle is usually achieved by a thrust vector control system. Due to the large dynamic
pressure during atmospheric.flight, one of the control objective during this phase of
flight is to prevent the induced bending moment from damaging the vehicle structure.
Hence most vehicles adopt the so called gravity turn during the early atmospheric part
of flight, that is, to maintain zero angle o attack and zero sideslip angle. This thesis
investigates gravity turn control system design. Nonlinear and time-varying nature of
aerodynamic model makes it inconvenient for control system design. This thesis
proposes a method that construct approximate linear model and use it for control
system design. Vertically launched vehicles need attitude control to achieve a certain
pitch angle before gravity turn. There numerical examples are used to demonstrate the
design attitude control system and gravity turn control system. Simulation results show
that the designed control systems yield stable flight and achieve attitude and gravity

turn design objectives.
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» M 0.5 0.8 1.2 1.5 2.0 3.0 4.0
0 0 0 0 0 0 0 0
2 0.736 0.791 0.811 0.774 0.726 0.607 0.548
1.906 2.141 2.327 2.223 2.089 1.710 1.494
Cm
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-8.203 -8.962 -9.149 -8.626 -8.090 -6.539 -5.809
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Ca
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F
tan 5,, = % (226a) tans, = % (226b) F’=F;+F+F: (2.26¢)

1x 1x

#(2.20a)7c %+ F, =F, tans, (2.20b):cH & F, =F, tand,

& x (2.200)7 1@

F?=F’+F tan’ St F’tan® 5, (2.27)
F =F L (2.28)
Y 1+tan® S5, +tan® 5, '

#(2.22)5 * v (2.202)57 (2.200) £ 7 14 F 3]

1
F,=F tano. 2.29
. 1\/1+tan2 Sp+tan’s, (2.29)

1
F.=F tan o 2.30
Y 1\/1+tan2 S, +tan’ s, " (2:30)

A= > 1 > for i=1~3 (2.31)
1+tan® o, +tan” o,

Fltdn 4 FBenda 4 S AR G

F.e =FA +FA, + FA,
Fs =—FA tans, —F,A, tan 5, - F,A, tan 5,

(2.32)
Fs=—-FA tand, - FA,tang,, - F,A tan o,
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PR 2.6 T B R E o APT N 4Ed BA A s B N (2.33)-(2.35)

M.z =FW-FEW (2.33)

My =-F,(L+AL)—F,,(L+AL)-F, (L+AL) (2.34)

Ms=FRW-FEW+F (L+AL)+F, (L+AL)+F, (L+AL)  (2.35)

2 F i de 1 6(2.28)-(2.30) 5 1~ (2.33)-(2.35) ¢ 0 & ¥ (231) 58 R 0 A
s W #(2.33)-(2.35) 5 B &
M. = FA, tano,,W — FA, tan 5,,W
(2.36)

M. =-FA tano, (L+AL) =FA, tand,, (L + AL) ~ F,A  tan 6,5 (L + AL, )

(2.37)

My = FAW — FAW + FAfan s, (L + ALY+ F,A, tan5,, (L +AL) + F,A, tan 6,4 (L + AL)

(2.38)
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