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Design of coordinated gain scheduled attitude
controller for reusable booster vehicle
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Abstract: In consideration of the serious coupling and distributions in the attitude control of a reusable
booster with a high angle of attack, a new kind of gain-scheduled attitude control strategy was presen-
ted. Firstly, each of the pitch, yaw and roll channels was treated separately by ignoring the intention-
al coupling among the channels, and the linear control model of each channel was established in a way
different from that considering small perturbation linearization. Then, the gain-scheduled controller
for each channel was designed, and the theory of coordinated gain scheduled control strategy was put
forward based on the single gain-scheduled controller. Finally, the coordinated scheduled controller
was designed to deal with the intentional cross coupling among different channels. The results of non-
linear real-time simulation validate that the tracking error of the attack angle has reduced about 2°,
and the control accuracy of sideslip angle has improved about 0. 4° by proposed strategy. The control

system can satisfy the control performance requirement of the reusable booster, and the strategy of

Y 5 B 3 :2009-12-24 ;4817 H #7 :2010-04-15.
ELTH: BEXK 863 i AR5 & R iT% ¥ 835 B



%12 4

VRUL U - 45 D3 0 i 981 € 1) T 520 f P B0 9 4 8 25 ol i it 2591

controller design is characterized by its clear physical concepts and easy engineering applications.

Key words: booster vehicle; gain scheduling; coordinated scheduling strategy; attitude control; cross

coupling
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Fig.1 Conventional gain scheduled system
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Fig. 2 Similar reusable launch vehicle
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Fig. 4 Configuration of pitch channel control system
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Fig.5 Configuration of yaw channel control system
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(b) Sideslip angle with single gain-scheduled controller

180.5
18041 -
1802k b daseibiiigorinsges
180T SR ML RN LS i 1

180
1) SR SRS SRR S SUNAN SR A S S 4
179.8}----- PO SN B S C i
L s T &

179502 4 6 8 10 12 14 16 18 20

s

(o) B30 308 1Y 4 V) FBE 45 o 4 A T I AR VR 4 £
(o) Roll angle with single gain-scheduled controller
[ 8 3 Y A A R A o A T A S 2 A

Fig. 8 Attitude angles with single gain-scheduled controller

el
— tHoE

Roll angle/( * )




%12

VRUL U - 45 D3 0 i 981 € 1) T 520 f P B0 9 4 8 25 ol i it 2595

40

s T
e —1EY
30 \,\ SR S SO .

p.K]| PSRN NS S AN NN S .
p.1| SRR RN MR P
s s T SN 1 N S S .
L R . R .

Attack angle/( ° )

0 2 4 6 8 10 12 14 16 18 20
t/s

Ca) 334 100 03 R 48 2 90 32 428 56 48 4 1T 60 ) 2

(a) Attack angle with coordinated scheduled controller

0 ey
S
00U e ] — ESE
i 17 e e e St A .-
3 0
8 —0.03f-eiemee P O . S
B
e e
71 SO O SO O A
_0'060 2 4 6 8 1012 14 16 18 20

s

Cb) 38 PIp V16 981 2 42 o i VR T OF 9 8 25 A

Sideslip angle with coordinated scheduled controller

®

~

T — ;Jhr’é}ﬁ
]80%6. ...... TRPRIR- SRR S TR S— . - - =

180,004 f----=-te-eee- s S T i
180.002 ===+ s G e

180 o
179.908-----+t--- ST T
179.906}-----i--eas L e R -
179.994 f------im-o SRR O T R . S 1
179992 =+-=nfsesees R Rt ST S

3y i . .
179%0 2 4 6 8 1012 14 16 18 20

tls
Co) 38 i in R 18 2 8] J8E 42 Tl 5 4 T o 0 VR % £y
(c)Roll angle with coordinated scheduled controller
19 B b i 4 a5 R AR SR T A Y S A

Fg. 9 Attitude angles with coordinated scheduled controller

)

Roll angle/( °

S & Lk

[1] CAPLIN J. Descent-phase control of a reusable
launch vehicle[ C]. Aerospace, EI Segundo, CA,
USA IEEE 9. D, 2002.:1-11.

TV 4705 BB E BTG 1 B 5 8 7E ) 4h 1 3k
LEPERIR N AT,

B8 A0 BRI T 48 BAT 3 /> H G 1 25 A
FE il &% . BB 4> K 3h S8R A 220 70 K Ykl #
ATt XF RBV H: 2k 1 455 R0V i i &R G2
WAL . FE F AR ELAAER L AXUHE HE A B =60°
FIWE B BE =9, 83 I REAZ 1 f& 3R Go 48 b o (H 20
T A AH L 2 B8 U VR 9 B SR e B O O B R A IR
25 VR ARFEAE 1807, B 4K I I R BB o8 42 1 2
RGEMEREE R, X T LR EL RGN R
G AR A 3 S e (A R RE R K

B9 0 B3R BH L 78 25 58 I8 8 25 08 B 42 1
 HER Ay S sh S50 Ak +20 % Fe O\ 1w 8 {8 X T4
I I RE RS 08 2 R ER IR A 05 5 D M B T
0 TR HE M — ELORFRTE 180°, 58 A REAS I /& R &Lt
e b 2K L T FLA S8l 2 8000 A 1 PR AR AT
1 e 13 T P R R 2 4 o SR S R 6% 3 40 T BR
B AN ] T I 5 A — o 2 20 T4 B3 0400 7 SR s,
P SR TR S R

i 3 G B A SR AT A AR MRS
R AR ST A A5 0 A AR R A T
LtkAL Tl T AL e /NI B 2P A AE AT AR K I
QAT 2R I TR e . AR SCAE B0 T i
Pl i ) RE Al L AR T IR A A A R SR O
Mo € 1 O I 5 SC 0% 1 e L e R B T A
B A5 AT . ARG LR W PR 0 45
JEE 5w AN RE A% HI 555 A% SR A 1) 50 T EL7E
XTSI SHE 200 BT B AR IE
TR 25 e R AELAE 17 LAY LE 5 30 3 00 4 9 B 4%
7 32 0 B B KRR ZE IR T 1~ 27 (03 B
ERRTRE SR T HRIE 0. 47, AR SE A RBY X
FERIARE o JEE 2R GE ok DA HE H B %07 3k X 5t
WA RGICHIE AT A UBE T BR R SR T4 1 5L
HA—E R &,

[2] MEON P P, PREMPAIN E, POSTLETHWAITE
I,etal.. An LPV loop shaping controller design for
the NASA-HL-20 re-entry vehicle[ C]J. Guidance.
Navigation and Control Con ference AIAA, Chica-



2596 e KR %18 %
20,2009, [7] KENJI F, SHINJI I. Research activities to realize
[3] PREMPAIN E, POSTLETHWAITE I. L2 and H2 advanced space transportation system[ CJ. AIAA
performance analysis and gain scheduling synthesis Dayton, Ohio :2008-2575.
for parameter dependent systems [ J]. Automatic, [8] COSTA R R. Re-entry flight controller design using
2008,8(44):2081-2089. nonlinear dynamic inversion| C|. Guidance, Nawvi-
[4] JACOB R, BALAS G J,GARRARD W L. Robust gation and Control Conference and FExhibit.
dynamic inversion for control of highly maneuver- AIAA, Montreal, Canada, 2001:4219-4230.
able aircraft[J]. Journal o f Guidance , Control And [9] NORIHIO K, KAKASHI K, JUNICHIRO K.
Dynamics, New York AIAA, 1995,1(18) :18-24. Nonlinear dynamical analysis for a reentry vehicle
[5] THEODOULIS S,DUC G. Gain scheduled autopi- [J]. Trans. Japan Soc. Aero. Space Sci. 2004,
lot synthesis for an atmosphere re-entry vehicle[ C]. 156(47):99-107.
Guidance, Navigation and Control Con ference and [10] SCHUMACHER C, KHARGONEKAR P P.
Exhibit, AIAA Honolulu ., Hawaii:2008-7469. Missile autopilot design using control with gain
[6] STEIN G, DOYLE J C. Beyond singular values and scheduling and dynamic inversion[J]. Journal
loop shapes[J]. Journal of Guidance, Dynamic of Guidance, Control, and Dynamics, Michi-
and Control , 1991,1(14) ;5-16. gan, 1998,2(21) :234-243.

EER N

WiLFEQ75—), B LRI £
TFFEAE L1999 4F 2004 4F F M5 IR Tl
KA BIARAT 2 W2, M
FR T WL AT 8 )k
SR £ AR A BF 9T . E-mail: hit_xjt
(@163. com mobile:15845001029

Bt R (1974 =), B (AR # LA L
T+ B EAF T 5. 1999 4E 2006 4E F iy
IR Tl K 27 43 ) 4K A5 2 A+ 2
P, F 2 [ Sl il 02 8] 3 R s 1R
Ny T S R R lvshil-

iang100(@ sina. com

E-mail:

ETIRI (1965 —), B, L TFIMH A, #
B AR, 1986 4 T = B RHE K
2222, 1989 4FE 1996 4F T 08 /R
P O = 7 e ol LU w2 VA
FENF AT I AR AR g
B i ML R G AE B RAT ) 1 °F
5 o 45 5 16 BF 5. E-mail; cui_
naigang(@163. com



