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Multidisciplinary design optimization of flight control law and
control effectors for plane

Zhang Dengfeng Gao Jinyuan

(School of Automation Science and Electrical Engineering. Beijing University of Aeronautics and Astronautics. Beijing 100083, China)

Abstract: Based on approximate models and genetic arithmetic, a scheme for the plane with
multi-flaps was proposed to implement the multidisciplinary design optimization (MDO) of full-enve-
lope flight control law and control effectors’ geometry & their placement. The robust gain-schedule
control method was applied to develop the full-envelope flight control system with the form of mo-
ment control in this scheme, and design of experiment (DOE) method as well as radial basis function
nerve-network (RBF NN) response surface method was used to obtain approximate models for aero-
dynamics discipline and control discipline. Then the optimized design parameters were achieved with
the genetic arithmetic based on approximate models, and the optimized flight control low &. control
effectors were finally obtained. On the computer the scheme was validated for a tailless plane with
multi-flaps. The simulation result shows the feasibility of the scheme.
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(MDO, Multidisciplinary Design Optimization)

10 BT A A ) A o T R R e BRORE A T A ik
Freit s 3 H— A % 18 2 A S YR 45 6] /9 Py

SRR L B AE AT SR )RR B9 F 5 R /E MDO
WEFE Y BRIy 2z L SR I ke 2 i Sk ok
&, DT AT 88 MDO BF 578 38 £ Hh % 18 K AL
(93l S Al HE T SR SR R AL L X TR B 4
W AW L WA KPR B2 5 MDO B9 3CHR
BV R — M B R kL KT

s HHEE . 2007-04-23
EE&TH: MK 973 &R H

VR R X ) 3 R HEAT 23 WE . AR SCHR Y — Fh R AT 4%
il /BRI BEIT 7 U AT 2 B T
A R A5k A8 2 AT B R N BT TRAT i
SR P ZR G D0 A A5 21 B 45 DA 2503 45 A 42 7
T HA 52 (L

EZ B Ik BIEC1980—), B L KITA 4 4 L zhangdf@asee. buaa. edu. cn.



492 b5 it = it K K % 2% M

2008 4

1 EEE

MDO o P2 5 75 #EAT K5 19 H b bR BRI 2 31
T FR BT 5 TE B A TR T a5 A SR R R AR A
PEATIRE B8 U5 T AR X DA 2 37 X R0 A Ak
2 MDO T I 59 P R M 22—, 3 A i f3 mf
A o T AL B AR A S50 e 3T B R I E T2 R
(i) ) 308 TR, I AT DA 3 B e 2 B 7 2R Y i R M
VR O o) 10, i SR AR B O vk 0. AR SCR AR
fi1] 4 28 W 4% (RBF NN, Radial Basis Function
Nerve-Network) 2 1@ i Jf. R 4.
1.1 HahZERHE RS

AT R AP ROR A R R SRS TR
MLAY HLIE 5 s A I HES B9 4 4L 9\ imi , B 4l #R
T A X QAL B T 2 A X AR O T 4 I s L H e
e SR AP ) — LR AT AT 4y 245K TF B B BE 1 O 1)
e, B 1 gy T = — AR g A a7

BPHRLS

Bl gl

Z CHLAME © T4, IF & 459 2] e 9l
i 2% I 19 A< 3h B HlE o B R O\ e A 5 | AR 1
TR0 T3 A R (R NROR) 1Y R AR B L O 4 a4
Y\ T 45 PSR A T LR Y, 2 R SR OR L SR
T TG R TR PN ROR R AR . 9\ H K 2B
S B B A LA BB W 2 T O A B A B8 L B Sy
BRI R R R AR R
VNS N A g IR Y T S Nt
T LA T AR an i 25 Ak, CAL7E 25 T4 A Ab 2k b A
TR F PR A5 R 0 DR R AR DT 3 A6 T AR

ZIERPT AR Z B H K L P
KA T, BRGH h 5% 5% 4 5 Y 1l 32 18 5% K 19 1
{ED P sZ HE KL Gl BB o, AT A D
A 0 FRAT S REL 6 R By, R A IE AS
IR T J7 36 AR BURE A B, K% o IR 2 KR
(PR B B BUE PR o K o4y BRI 25 B 3 K
VL IR G LT d, TS, T8 A 58 BAE L, 6 IR
HIEAZ BT Ly (20 X 3¥) #E47iR 1, T 118 36
MREAR L RAGHE AL 5 . A RBF NN #E17
A EIE eI EIE SN R S E LB UR (VU IR
1.2 #=HlFERHDIER

e 4 i 4 il 2 Bt Jr ok A GE Or U B
2R N P A SCRAR R AE T A shilb A7, AR SCR

20 42 90 AR J R R 1 5 4 1 25 R 2 B O
B TR A RO T KRR AR L
XA I — A LM S E R G (LPV, Linear Pa-
rameter Varying system) , ] i o 3R fift — 4 2k 1
FE AN S AR 1 &% B R IR b AR IEAE T
% B A N T s BT — S Y B R R E T
BETERE . H 2 #1045 1 BT 48— ry 2 2, 1 45 4
JEARSE 6 2 1) B (E A S BEAT , BT A F &
(RGN
5 Xt 423 Bl LPV BEAL AN R X
x(1) =A(p)x(t) + B, (p)w(t) + B,u(r)
2(t) =C,(px()+D, (pPPw(t) +D,ult)
y() =Cyx(t) + Dyyw(t) + Dyut)
@)
K, x @) .z (O F y () 53 51 R R GRS 1) 1 45
il i 14 1] e R0 EE O T s ow (O S8 TS T
A(p) B, (p).C, (p)F Dy, (p) & Y 4 B ay IR &
23 (A RE 1 O N I 2 ) i p B ME R B B, L C,
D, Fl Dy, 8 W D,y R M. 2 B, T
p o VO RT 3 3ok 7 42 i i A w S T — {1 3 U8
BEY RN A A B, A F p.
v AR X G R A ) 4 B AT S OB T p ()
H pOTed r A E TS p' 2 RH N AL N 22 5,
il

p(O=>d (1) p’ (Za"<n1,a"<z>>o]
i=1 i=1

(2)
AR R B AT JE S R
K(p) =D )d' (DK (3
i=1

il ply = CO R (30 A1 B B PH A R i fa e L I Ho il
w(O | z(O B L, FFEHNT 7, B

[z |, <ylwll, (4)
Horp TS il ds K a5t L.

o (x (D =Au (Pxy () + By (py(0)

N () =Co (Prxw (D + Dy (P y(D)
WSESZ K(p)h r K W& E. TE
UERA SR fif 2 F2 AT 225 SCHR 5 ], XT A SCHFFRE Y &
BL, LPV SR8 2 ) it Ry 8l R Py Fl BE H L, A
VAU RUIFER G R A

R N % AL 22 YN T AT R S5 L SR R
D AT 4R L R L =
B 38 a4 o 40 B T B A R A TR A O o
P L 5 B T B S, S o R TU A o Iw Y
W E TR AR IT 32 5 R e & 1 k.

2843 B AT RBLGA ] AR N 1) 32 B )RR



551

G e 2 TRALTRAT R AR /R A R AR 2 A R A B 193

/N RO G 1 AR I 1) Y 2 25 P R G T IR
. DU 1) 38 18 O ], HC 2SS A R B AR G4 H AN
2, AR A TR R i e XL il T g
B2 /IN o o L o 4 ) TR A A R S BN 1 B T AR B
ol L 1 P L P 2 v BRARRE Y O fn R B S
2

M, = — Wi, . (6)
S_ + 2§lanh + wlzlh

FHIEEE &0 A1 A SRR w,, 20 0 £ — 5 5 B N 72
b, ELAE M, i ZE AR — S RAT A B R e
RE A SIS M Rl YR 22 W, W, I
W, D JIASCRR R 0 590 AN () 0ty %o 42 ol B 13 1)
2 () 3 B HEAT AL, E AT T X 45 A B i
FEAN [R) By B A AR X AR, Z, . Z, fZ,
INALEE R W W S IRIE ER T, W, g Xt £ 4
FE A o 3 PR 5T . KA TR B3 A TR 45 1 2% B0
ARG EMRYE Py f1 HIHZ, B T,

Z¢
Zu < Tn H ¢(~ H 2 (7)
Zs |
I 7, B/
Z
¢
Q-7
— B Zp
— =]
u Zy

po— IRFEAIR L ¢ IRFEAT N o, — IR B A BUE 5
w. i AL A L p— DO £
K2 BEmES MRS RS

P 2 v TR 1) 32 Bl R VR % ) R R 16
JHEHEAT R X T AR R P AN
u={lusu,Juw, €[—1 1]J,u, €[—1 1]},%
71 it B TR R ARG T4 O R R L=
Crimax * Pasn=uy * Coax * Pasl Fln B2 H9
T 77 26 B 0 A TR e AV 1) 1 23 B s e A
Comax N 15 ZRHL

TRAHLAE v 3 PA B 2R G Y T R B R 3K
¥t 7 % 1 RBE NN I R4k 8. 76w, &
Corumax s Coma I AN [ HUABL AL BT AR 17 104 98 2 42 1] 2
FE05 L BRIBURE ] PEREFE BR 70 e BRI TTRME €,
RGO VAT E ¢, RBE NN S AN w08,
Crmax s Coman s SR 715 €1 5 11

AL A 25 R SR T 2L, R
A g AT 4 o S AR £ A 48 2 BRER . RBF
NN f 45 A A 1e) BEAE BT Y w,,, , &, B ARFAN ) 46
BB C o 7, e, FL L,

2 fRILIRITRE

MDO [} 87 £ B A 2 A B (8 k0 R R
LA E AT ZI (19 25 2R 75 5 B A T i fre e, X HE 3ok
P8 A S A S A0 A Rk ) T T AR A 1 30 1A
B EAT A BT, B I 3 s,

Pete it WAL FEAIAL,
KA AL 8=1

&GN
wEAr | ] modsmro |
o N R R

IEASBEVR

v LA CEFF.
X AR

VTS HIaE,
PR AP I

| mamspprs g —
3 PRk i o R

BB BT .

1) R IE S BTk i o BE AR A B A
L o8t OIS I NS S e O G B VA (RN S e 1 <
22 HAE FH R IE 32 1521 2 Y 3 B

2) FEFEA ATAL R FEE 1 45 4 48 0 BERG 1 11)
BT (R AR A 2 B A i TR AR 2R
A TR A S B 45 8 — AL 4 B IR M i B ik
TP A5 B A BUHE 1 . R I RBF NN i i
TET 325 43 50 3R AR A5 2 R 4 o 25 B A i IR AR L 4
N2 2F B 2R G 0 AT AR

3) N R Ak T BT 1) B B R R R s A B
XFBETHAR AT T4 A5 2006 2 Bt NME B
PrE R T AR B AU B (A AR B H A5 eR $i0(E
A3 BC. R R B B A R T s )
TR ORI TE 1 R AT A A ) F 4R — N ok
P 3 7 R 23 ) i K T IR TR (2 Cr s
FCpmax » T Coman) 5 ELIH

Comae =Kot * Crnna
Coimax =Kot * Cinax

Hp LK, K o RO AR B 2R 85, 40 00 R
Corimax T Coae 5 Corne B9 HABL. T 39%Z K T 1 1 17
RSB g SR — A i 43 C 0] A, R 4 o o
e 1) R %) T 3% 3R A A3 B Crnae s Coumas s Coe JiT » Fl
T T A ) 4 ) T LA AR B 4 o 22 R

(8



494 b5 it = it K K % 2% M

2008 4

LEPSS S 1T i g 1Bl (e s BNl Ra RS
A2 FARE P53 3

4) TEBAE TR PR BT S UG R Croa s
Cormax s Comax s @0 5 &5 & Fl o, UL AL G5 2R 38 3 3
AU 2 i 4% e L — 2 a2
H AT BRI B A R B
T R GERVE AL A5 R R AR S AL
RV o 28 45

TR BT B AR AL AR Pl S A
BN L (0 2 B AT BEBR o AR SE E BE A Y
AR A AT 23 BT, A BT AR B 5 AR A TR A% A
(19 e /I B o o R L DU R AR R S i L O
BEAT AR M. 5 2 B o0 M 25 2R 45 0 R R 5
45 2R 1 25 (B 2o 0 L O BB A0 A AE 2R

3 =EOInH
XF T TR GE Y 22 B G0 T A JR TE R L R
2 WA R IEAT LA Bt 5 3) B h s A 5
B AL R N
find X = (yo sl sdisslssdas oLy sdsy oLy s
CrsCysCysCys I oDy oDy vy, s 60y s Ko s Ko

. ’
min v ="_(Y,s7ns€, €L st, 50,551 552 +53+5,) * W

Fi 6 I:Fmin Fmax:l i:19'.'94
X;>O 1=1,,22

s.
G(X) <0

Cimax = Cii sCrimmax = Ciia sCrimax = Ci
o AR T A RGN T A R 5] 19 3k 0 0 E 5 L
NN @ YR s dy N ERGNI ¢ AN G R TE] e
L 3 5 0 o LR AT 5% ) 35 f 550 AT
¢ TR s w W ASUEL 1) 8 s G W 2 R4 . YOS A
Pl R A 5 LAR] RS 5 4 1 25 0 FR A1 A
AT B I SR P T R KR b B 2 TSR A

AL L 100 TR B AL i R A8k
AR LTI AR L 8 56 % o DL 42 il 2 Bk 11 R B
BTN K, o K B 382 50 A A 45 2R3 5 i
A T P ) A JXRE B AT A5 B A ) 2 i 4R
A il R R AR A

TE AT AL L IR 24 A PURS s A X 10° 41
A0 11 TR 5% A1 9 B BR A 4 Wi o7 0 531l it P& 4 T 5
Bz o 5 B0 75 B8 T e THT A4 AR L BR AL O LA
RFRWIVCT AT 2 AL P AR oK IF i R gL A AT
6 TS8P WD SO

P A% 00 1w DA 7 RS AR T AR
G LA AT SCAR BN Y Clrn 55D F1 Py AR B HE A
A LAAR 75 o 4t 3o 47 ] o I 552 B 2 A RN RCR A
A B S DT 22 45 1 45 N A0 2 i ) e AR A RE

I /(2

0 2 4 6 8
t/s

P4 DR A B BR i

RIS 1)
~

0 2 4 6 8
t/s

P 5 B AR B R R

4 & &

AR SCER X Z RGN A SR TBL IR AT g A/
BRWRCR S 2 2RI TR R T B 5T, OF 32 1
T Mg s, ST EEHl2E RS 5 MDO if
TR B 25 R S BT O VR A AE A R AT
A U RS B0 A 1) s A T S R B
S . O il Rt SR AT A PEXE RS, X A DG 2 B Y I
IR 4T T #F 55 . 9+ Fl RBF NN 7 DAsZ B, 75
AU AR BE A 1 SR FH st A% B R AR T IR IR 45 AR
Xif 22 BN T A7 R T R KLY BEH A SRR W T A
LA R, K e A R AR Tk 2
Ak LUK AR B i R0 A 4

£ % 3wk (References)

[1] AIAA White Paper. Current state of the art: multidiscipli-
nary design optimization[ R]. AIAA MDO Technical Com-
mittee, 1991

(2] REN . PLE /S5 IRk Bt A B[] s
241,2006,27(4) :570—573
Wu Zhigang, Yang Chao. Aeroservoelastic design optimiza-
tion of flexible wings [J]. ACTA Aeronautica et Astronauti-
ca Sinica, 2006, 27(4) :570—573(in Chinese)

[3] Ruben E P, Hugn H W L. Flight dynamics and control mul-
tidisciplinary integration in aircraft conceptual design optimi-
zation[ R]. AIAA-2004-4435, 2004

[4] Apkarian P, Gahinet P, Becker G. Self-scheduled H-. con-
trol of linear parameter-varying systems: a design example
[J]. Automatica, 1995,31(9): 1251—1261

(5] E 5. WS H & it 77 i 78 B A HLEE A B o i v
[DJ. dbxt: ALt 25 it KR A 3426 & . 2001
Wang Yong. Study of scheduling controller design for pa-
rameter-varying plant and its application to glight control
system[ D]. Beijing: Dept of Automatic Control, Beijing U-

niversity of Aeronautics and Astronautics, 2001 (in Chinese)

(RERE:RER)



