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Researsh on the Compound Control of Direct
Force and Thrust Vector

DING Wei-tao, XIAO Chong, HUANG Yu-ping

(Beijing Research Institute of Mechatronics and Controls, Beijing 100076, China)

Abstract; With the development of flight vehicle control technology, executing control technology
like direct force control and thrust vector control is widely used in the field of the aircraft con-
trol. Both direct force control and thrust vector control have high efficiency and precision in
attitude control of flight vehicle. Direct force control enjoys higher response speed than thrust vec-
tor control but consumes much more fuel for long time use. Based on the characteristics of direct
force control and thrust vector control, a the compound control strategy is designed. The dynamic
modeling and kinematic modeling of an aircraft have been carried out, and the direct force and
thrust vector models have been built. and it designed the compound control allocation strate-
gy. According to the simulation, flight control systems with compound control method and alloca-
tion strategies enjoys higher response speed and control precision.

Key words: Direct force control; Thrust vector control; Compound control allocation strategy

0 2 AR Tz R RAT AR AL PR B TR
AOFETT . Herb A g R B ) RO SR R R R

B RATERIEOR AW A R M R R ATk shbL/ WP 7 0 K1Y AT i RS —
Pl 2= B R R ] B T R DA R AREREOR B AR 2 g e L R PR A
e el R ] A5 45 i AT BORAE ©AT R 2828 Pl 0, AT R EAERR MR R B B D0 T b

il

%S H H#3:2017-05-06 ; 1817 H#H : 2017-08-08
EE&WB: ER 863 iR BT H . 2015AA7060120
YEZ B TR (1979, B 055 A= o S22 T KAl R Fs il 2 AR 5 T (WA 5% . E-mail : widing@sohu. com

Editorial Office of navigation positioning and timing.All rights reserved.http://dhykz.zghtgk.com



28 SHYUE L5 BT

2017 49 H

B sl OB T i T 4 g Ok 4 42 1
REAE S SR AZE ] 1 - 78 AT S A7 T O 25 i 22
TG 1O X RAT A AT Y . A RAT R
AR RS BE R B e I, AL 2 HAb 42 i AT 7
GBI ey o i 5 2 sh 2 a4l
HENRE S HE G W KR
A LT AR S At R I A e W e =
Heo FErPEREhEMUAE A ) R B P R R e A
TR RN — AR KRy 5 508 5 3
Sz EAR R HOR R AR a2 e A AT s
F1R 0 i 5 30 ML) F A0 1 W37 A TR 1Y AT R AR Y
— PR AR AR BA A3l T i 1
PREGRF AT . EAh s B T WA A3 i 0 ri) 4 ) g 48
TEMES) BATWE L R B L S R . BAR BT
DR fEE A AE AT L o ok S 38 ) 7 35 B ) i 25
(AT o FHECHE ) %t s ol o B ) s o X 28 2 1Y
KERf IRy B R . AT TR b A A
PUh = A A I 8 T 2 3 S 1) 8 3L . — U )
WAL e s O & W% LA e ke gl AL R A g 4% i Dy
Ao Horb SRS 17 % IR0 4% g 4 il B 3 A 19
PO B )2 B9 W S AH H— O] 1] B3R %
ST WL 1 A T LA — A0 i W6 A5 22 ] 18T
ML » 3K AP AP Aol B4 g o) 5 X i R o

ARSCUIRE RATAR MWEFE X G 3 T Ty R
HEENE A ERPAT I T 5 08 2 5 i hl T
PUG T S MR AT T WF5E. AT AR AT AL 8l 73
FATF LA S

D ESEHLEN ©AT Bt ZEA 25 5

) PELEAS LA L ARAEHE ) O 1 A 400 B 3 S
e 7 ) 3 B PR A TR AR i el i L R AT AR Y
L I HLE .

RATRR L LB RE ) BRI T ) K
TEEBEVE ] B 0 8 R/ s S F R, RAT AR AL Bh
REJBR . AR R I T O il s S A i A T
BGNG Jg $ T8 75 A0 i oL 3 5 o P R T R B
i R e R S RS

1 KMTREAEHRERE

L1 #EHNXRERGEE

AR FE 19 HE 7 9% o A AR A7 1 o 52 0 o4
ST WU AT o i AR 5 A7 R %80 HET)
RAARPBEAGHE 1 Prve » e KRS 3 2 BR W) 2
wrve s IR RAEFABREA Brveo o

IR RFA 30 30 A 4 X 2 T Ok R B AR
H BB Brvee ) BRI WE 1T HE RAT A% B0 R B N
Lrve s ATAREIE S R AENUR A AR R LY 50 8 P s
PY’PZo

PX P'l‘v(fCOSB
PY = PTV()Sil'l‘B (1)
P, 0

1.2 BEENRGER

BT R G AL ) — BB 3R B T
il 2R Ge s SE 3R P IR T P s B DLt Sr A% ik
PRI

1
BETES R 2
Hrb F, RSB s A 4 F oy
YER T RATE WA HE ST

1.3 XITRESEHRE

ARSCFEZMFIE B T1 /SRR AT a5
MR GEd . R SCERL ] @l Xt AT g i 2 &
SMTI R FERE R B A, RAT i R TR 48
Jris s s s i R RE B A AT

dw.,
Jo =5 TUa—Jeaw, =M,
dw 41
]yl d + (J;z‘l _le )(«Uzlw;z’l :Myl
t
dw.
.]zl dz:l + (.]yl 7‘].1'1)60.1'10))& :le (3)

¥ =w 1 8Iny + w. cosy

¢ = (w,1CO8Y — w.1siny) /cosy

).’ =w, — tand (w, COSY — w1 Siny)

T T a2 T RAT R XS HILIAR A R B
3L S s 0.1 w1 v MBI A BR R
AR b TET A8 AR 2R B 5% 3 A B o TEMLIR AR BR &R 3
AR Ay s Moy M M S SR ER T R AT
LA AN I3 B0 1 ) R AE ALK AR A &R Al Y
I3y A3 TRAT AR B A AR LA B
REA
2 HEASHEHNXEEGHFEILR

HAET) 5 R a5 A LA RE ). B
T AR 22 5 O Re A 22 7.

DS T iR LA T S T O A A 2
St AR LG E RN A 152 90 O 27 05 F Rl 2 il

Editorial Office of navigation positioning and timing.All rights reserved.http://dhykz.zghtgk.com



555

FL S R SRR SE 29

YR RGERINA I . Sl B T 45 4 0 R B 8 250
RN AR BAT AT HePE, DI HE ) KM 2 Prve
sinBrveo = Pres » BIVEL4E 7 154 ) 9% 8 42 B A de Rl
AR . DL RAT ROk AR Oy /AT il T
AR B LT 59 7 R 1 o R i o L An P 1~
K4 R

2.5

0 051 152 253 35 4 45 5
tls

B 1 EENMEAT TR K

Fig. 1 The aerocraft’s step response of direct force control
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Fig. 2 The thrust of direct force control
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Fig. 3 The aerocraft’s step response of thrust vector control
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Fig. 4 The lateral thrust of thrust vector control
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Fig. 5 Block diagram of vertical compound control
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Fig. 6 The pitch angle response of compound control

and thrust vector control
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Fig. 7 'The thrust of compound control and thrust vector control
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