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Fig. 3 Time-domain simulation diagram of rigid rocket
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Fig. 5 Time-domain simulation diagram of elastic rocket

NIRRTy N I T WD s R R N R A
PE RGN E . DI 200 5 ) R S8 AT 1R
ke P P A A ) R G AR e
2.3 PRSI R ETER RSN IE

O figk R SR IR B R Y A ) 2 G2 AN RRUE 19 1)
2B B AR G — BR A A 4
A U8 T A5 A i/ N S R B0 ) R L T 4 A 0 TR A
HAHE 20 s FE 3z /9 Rn FHE 0L R Y 25
Hey D A% 19 1% 128 o KO X0

55+ 28w,s + W
st 26w, + Wl

Ko, OB 6 g, HBHJE L.

S DR DL A BT R G M PR AT R
PR AL 7L ARG R G B OB o,
HERIR SR w, . BLEH & 1 E, I 0. 2
A0, 01, 3% FE, 45 4 U I 25 1 B K B Rt T M A
20lg (&./&,) =—26.02 dB. DX 1 25 ¥4 & I 7% 4 4%

Grmlch (S‘) == ( 15 )

s+ 0. 4wy s + o
s240. 02w, s + o’

TIN5 e 8 A 1) 35 25 4 ) R G AE TR AT 6 T

Vi

G, (s) = (16

Ri - =
(s) +T - 8 -
G(s)

H6 mAZEMEKBHNLESEF RAER
Fig. 6 Diagram of attitude control system with

structure filter

i F G800 TF R AL 32 sRCH
G.(s) = (—0.651 55° —0.686 25" — 8. 4465 —
6.683s" +2 9225" + 3 1295 + 209)/
(s" 4 3.5885° + 1485° + 270. 85' +
5 457.55° + 457, 65 — 34, 825 + 7. 144)
Sk THE A 5 ) R e 0 I R A% 8 pR T
S VT A7 2 SF A SR R R G B T R A% ik
PREL Y bode AN 7 7.
T EREFE N, =1.P=2,N.=0.Z =
2(N_-— N, +P = 0, ZRGHHFE.
A Ao PR S8R4T L 1 T 1 R ) B R R A R
ZA S Simulink 8 07 20 40181 8 FF .
NIRRT D = g T N 84
ARSI A LSRR R R A B TR
SR RO PE R 11,47 % S IR E] D 8. 3
SR EN) A RE N —0.30%.



S

%55 4%

0 1 1 1
10 102 10* 10° 10" 102

w/(rad-s™)

W7 NG ERBNEZEF RS bode B

Fig. 7 Bode diagram of attitude control system with

structure filter

0.12
0.10
0.08

£ 0.06

<004
0.02

0

002

0 5 10 15 20 25 30 35 40 45 50
t/'s

B8 dm N G5 A iR o 5 B9 TR M A R B IR 7 I

Fig. 8 Time-domain simulation diagram of elastic

rocket with structure filter

3 % ®©

CU X Jo 2 WM 357 AR B S A T ) R 4, 5 A
P 22 I, R AT PD FE

S 22 M2
oy BB U T R AR E RCR.

(20 X S 7 A 228 2 4 ) 2 G R A 45 4 D %
ar BB, R R GEHEAT T R 3 B R A
P BLA5 RUE W] 205 ¥R A R IR T e AR A

P il 28 0 B AN A E )

2% 3k

(1] A5ZE. REBHEIBEIRKEH AN — LB KE
T CEIMIL b o B F AT H R, 1989:15-30.
LONG Le-hao. Liquid-fueled Ballistic Missiles and
Carrier Rocket Series — Overall Design ( [ ) [M].

Beijing : China Astronautic Publishing House, 1989

15-30. (in Chinese)

[2]

(3]

(4]

(5]

L6]

7]

[8]

Berglund M D, Marin D, Wilkins M. The next-
generation heavy-lift vehicle — The inaugural flight
of the EELV delta IV heavy [C] // Collection of
Technical Papers — AIAA Space 2005 Conference
and Exposition. Reston: AIAA, 2005.:817-825.

InRA. FRAMERKFLIREEEHHEAKE
WEBAREL]] 2R EAMRZRIA, 2003(3):

WANG Xiao-dong. Prospect and review of attitude
stabilization and control technology development for
missile and launch vehicle [J]. Missiles and Space
Vehicles, 2003(3) :25-30. (in Chinese)

Slazer F A, Harvey ] C, Sirko R J, et al. Delta IV
launch vehicle growth options to support NASA's
space exploration vision [ ]J]. Acta Astronautica,
2005, 57(2-8):604-613.

EEAE MBS F-RERKXKFLSZHHA
[ FAUE AR A 2% %4, 2009, 35(11):1294-
1297,

WU Yan-sheng, HE Lin-shu. Attitude control
technology of new generation launch vehicles [J].
Journal of Beijing University of Aeronautics and
Astronautics, 2009, 35 (11): 1294-1297. (in
Chinese)

WIETT. MR TR G Z R KA A A 7 &
HOEHY[M] b # B FAUH K, 1989:123-
150.

XU Yan-wan. Liquid-fueled Ballistic Missile and
Carrier Rocket Series — Control System ( [ ) [M].
Beijing : China Astronautic Publishing House, 1989
123-150. (in Chinese)

Bl E.KEF.B&EZ EATEBERAAMNENE
HRFLEASEHZRBITI]. X &4, 2012,
30(2):11-16,21.

ZHOU Jun, SHUI Zun-shi, GE Zhi-lei. Attitude
control for launchers based on robust state
observers [J]. Aerospace Control, 2012, 30(2):11-
16,21. (in Chinese)

I O#.K F.ORRASFFATELSEHRAR
RN T EF R MARER, 2012, 30(3):7-



%5 FREF: THKHTLAEH R LR LM

[9]

[10]

(11]

11.

WANG Hui, ZHANG Yu. The research on
stability analysis of attitude control system in the
case of iterative guidance [J]. Aerospace Control,
2012, 30(3):7-11. (in Chinese)

Choi H D, Bang H. Adaptive control approach to
the attitude control of a flexible rocket [J]. Control
Engineering Practice, 2000, 8(9):1003-1010.
B, B R AR IFIM] b E F AL KR
4k, 2005:45-80.

CHEN Shi-nian. Design of Control System [ M ].
Beijing : China Astronautic Publishing House, 2005
45-80. (in Chinese)

KR R.H X, K . BAFBEOHELSEH
(M. Kb B by BBk 2 R, 1981:12-19.
ZHANG Zui-liang, XIE Ke-xing, ZHANG Qian.
Guidance and Control of Ballistic Missile [ M ].
National Defense

Changsha: University  of

[12]

[13]

[14]

[15]

Technology Press, 1981:12-19. (in Chinese)
Voinot O, Apkarian P, Alazard D. Gain-scheduling
H.. control of the launcher in atmospheric flight via
linear-parameter varying techniques [C] // AIAA
Guidance, Navigation, and Control Conference and
Exhibit. Reston: AIAA, 2002.

Kim H J, Shim D H. A flight control system for
aerial robots: Algorithms and experiments [ ] J.
Control Engineering Practice, 2003, 11(12):1389-
1400.

Wie B, Byun K W. New generalized structural
filtering concept for active vibration control
synthesis [ J]. Journal of Guidance, Control, and
Dynamics, 1989, 12(2):147-154.

Yamashiro H, Stirling R. Reduction of flight
control system/structure mode interaction [C] //

AIAA Atmospheric Flight Mechanics Conference and

Exhibit. Reston: AIAA, 2007.

Analysis of stability for launch vehicle attitude control system

FENG Xiao-xia'?,
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Abstract: In order to solve the instability of free rigid rocket and elastic rocket attitude control

systems, taking the pitch channel as an example, the attitude angle and attitude angular velocity

deviation feedbacks are added to the PD controller for the free rigid rocket, and a structure filter is

added to the controller for the elastic rocket. The simulation results show that pitch channel steady-

state errors of free rigid rocket and elastic rocket attitude control systems are 0. 05%, — 0. 30%

separately. So the instability of free rigid rocket and elastic rocket attitude control systems is

controlled effectively.

Key words: launch vehicle; analysis of stability; PD controller; structure filter



