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Abstract: To overcome the characteristic of “backhoe”, reduce the burden of pilot’s control, and improve the
accuracy and safety of carrier landing, the direct lift control method with the characteristics of quick response and
high accuracy, is introduced into the carrier landing control law. A two-level integrated landing controller is
designed with the combination of prescribed performance nonlinear dynamic inversion and control allocation
algorithm, which considers the decoupling not only between longitudinal trajectory control and attitude control but
(also) between horizontal control and longitudinal motion. Firstly, the 6-DoF nonlinear model of aircraft is
established. Then the dynamic inverse loop is connected with the control allocation loop organically by setting the
intermediate virtual control vector. Meanwhile, the control performance of the dynamic inverse control loop is
improved by prescribing the error vector constraint equation. Finally, the simulation results show that the designed
direct lift controller can adjust the vertical path while keeping the angle of attack and flight speed stable, and allow
the aircraft keep the altitude while aligning with the center line. This study indicates that the designed direct lift
control system can achieve a one-by-one correspondence between pilot maneuvers and control variables, improve
the efficiency of trajectory control in carrier landing, and greatly reduce the burden of pilot.

Keywords: “MAGIC CARPET” ; direct lift control ; nonlinear dynamic inversion ; prescribed performance; control
allocation

T2 B2 B LR AR RS RO BR W T L FERGERE LS R, AT B 20 W A R /ALY
IEER TR B X BRNRR PRS2 R R EHL T SRR T8 e R o ROBIL % R ) 0 A PP A L A 42
WA — U R NMERER R B S5 A B, — OSBRI R AR 2 L O3
2SR AT 55 R0 Pl R e R A B B, AR EERAVIBIE, AT B A SR e B Sk TR AR

WA 2022 -05-24; A EH: 2022-09-05; MEE % BE: 2023 -07 -21

M 4& B & Hudlk: hitps://link. cnki. net/urlid/23. 1235. T. 20230721. 1356. 002
E&WE . wEgE BT AN A £ SN AR H (ZR2020QF071)

TEE B KILIE(1994—) 55 it JEIm; R0 (1962—) 5, 0%, WA 0
WIEMEE . K74E,441211638@ qq. com



F12

RALAE, A QPRI 8 2h A0 iR B H T 7 3 LA ) - 43

AEER, T AT R BRI g5 E R
JEI 5 BEAR N 2 i A, 26 [0 ZE 4 h 7 R
(MAGIC CARPET) &2 A A&, oAz O R A
HEFNFERIEAR . =R T BT T LS
PR A BB, AT R4 930 A DR e AL 15 IE
fE 77, I HLA e i b, A6 4 T LA 2 2 s 50
PR B IE RN TT R . X FEARIAE N E
BB RAT AR AR X BT IX 3 AR
A OB AT A A , LA S B0 228 B AT 0 31 4% il
HbR——XF Rz, B 2\ 10 25 B AT45 0" % g 900370 1
JE R 1) 25 B AT AN Kb X FRABIE | DT I 3
REARER e

BT 4 i A AR e R R B [ B ke
U R T e KB A i L B I 4 i )
AT 20 el 70 AR LAHT, FE R TN ®AT f12
R AT RS LA, BT 20 4 70 AR
FRIGIA, 2E AR FHAFFE B B, B0 4R e pL
k&, PEA 80 4EARUG , EE AP T L
P BES EA T4 AR R o R G, 2k 1
TR RGO ik A R s Tk
1o Y 5 R IR A S T v | R O 28 N I e 1 4
Tk T HEF DG RS, 0 sh &
#il7S  A R A E 6 sh R R
WESE I R A, 22 70 AEARIT B FshizdlF R
BEATHLRD, HHPLE — S TG, 7E5T-8 ACT BiiE
PLESCBE TR S b e M S, X B T g s il ok
57T R0, EL 3 90 4R, vt Tolk K2z 1 Tx
BT R T T — S AR EA T
VTAEN R BYESE SR PID il o e et 17 E 4%
Th 2 g il , 25 5 T S Bl S R R 2 )
XTI e BE AT T S 2k R AR LR AR
RIS AT B, X T B 5L RS AR L KA
BT A e v ek, B R R
FRL sh A T T BT ) 36 AR 4 i A
SEPLT NI AR ], AR A AR A BRER A AR RN B
R R 2E T H R A A 2 BT s i A
1) 3 ELP- AR, BIZE R 5 0300 B ORI A AR
XAE T WEM B R 7, TR EM
BF A = RAE 55 2 — < DR A 5 B AR L 2R AL 3 A A
A5 PR G PR R AT A AN AR S B A1) = (H A
HH B0 A 1T 55 P 32 00 TP B 3R 2 BT ) 3
PR 42 Tl 110 XA Bt AR G R

AR, “BEEE” 5 ML R 40 LA R D1 25 5 ff A
R TR FIE OO EE X A m 4l e AT, i
HRATR T A5G B 25 G R AR o, A
SCHELE A 25 AR ML T8 AL 1 o B B N

KRR A b, SEor 25 & BT S Pl AR Ltk sh 25
WL AR, BT T AU LR SR e,
T SRR 1 L , AN OED )38 Bl 52
BT SN s ) 1 A 9y , 3 S BT AL 0 4%
5 YT IS 4 o 18] D AR, 0 RAT R R AT
KT7 X7 3 IR APAT5 SL B —— A, TR
T FERITR E AN S R 58 18, o T R i P
PRI, &5 & 1A Oh 96 47 1 23 T 1) D7 vk S BRAE T
A BRACAL I, S T Bt e pe il i 7 X, Mg
T PZ R S R, 38 o b ) R AP A
RS S B PR S DT A A ML A
B 7T BRI T (BT Iy i g — B
BB RIS RAT I A AR A AT T SC 8 kAT
BUBIAY ) MRS R R LR AR, AN, TR
T 5 PO R X4 ) e 7 1 DR SR SR Py, 2 T
PR 22 ) 1 29 5 e S R GEsh A, IF A
ARLNE B A7 ISR AR 1 i, $2 T 2l 25 300 4 ) 2R
T HILE SRR TERE , DR BR B B T I BR AR AR 2

1 AL AR A 22 or

LI F-18 fIRERAL ARG X 4, 57 6 H i ’AT
Bl 1SR Ry JE S BRI B A

R AL 22 B (0S8l 0 Fn g 4 2 ph A B i 2
U A BR8N ) REGEARBIDUAR AR R T, W LA
FRENTE Iy 3 FBE ST, 53 s

L=1pVsC, (1)
Y = %pVZSCY (2)
D= %szSCD (3)

Kp WEREE, V BN HE, C, AL
BI IR, C, ENLUER T 25, ¢, IR
SN ZE, S MMEBALLE S Zm L, ¢, .C,
C, s ks e

c
C=c e at Y + clﬁpﬁe + cLﬁrSr

c
Cy=cp, +ep +cnqﬁq +cD6€5C +cDaf5f

b b
Cy=cy + ey B+ Y e YT CY%Sd + cY5r8r
(4)

A Cry»Cry s Cryr €y v €y s €0y s Cn, s €, g s Ciys Oy s
Cupet 100 a0y, sy, FIH N FH B 4513 f
AN £A 8, 8, F1 8, 735 THEEAE | B3R5 [6] A
WA 8, NG ST A ¢ CHLIF R 35X



<44 . moUK

[N AN

5555 4%

Kb ABIE, q FIFIMMAER, p HREMER r R
AL

MR IR L, 0 MO AL 158 N )
5

1
L, = jpvz bsC, (5)
I 12
M =—pVesC,, (6)
L 12
=5 PV bsCy (7)

Hop, RO AR B R
b b
Cr=c, + clB,B + CLopP + iy + Cladéa + c,(srér

¢
Cy= Cy, T Cy &+ CM,,W + CM&Se + cMﬁlaf

b b
Cy=cy + cwﬁﬁ + Y + Noy +ey, o, + c,vsé,,

TENUARFR R L, CHLah 12 5isahe i a4l
mr.
1) £8h 1247 fR e

uw=vr—wq—gsin 0 +—
q-—g m

) . F,
v:—ur+wp+gcosﬁsmd)+ﬁ (8)

. F
w =uq —vp + gcos Ocos b +—
m

F_=Tcos o — Dcos acos B —mgsin 0
F, =Ycos acos B +mgcos fsin ¢ (9)

F.= —Tsin 0 — Lcos a + mgcos Ocos ¢

z

2) Fsh 12 R
l.) =(e;r+e,p)g+esLlyy, +e,N

i}:cspr—cﬁ(pz—rz)+c7M (10)

r= (egp —cyr)q +e L,y +cgN
AXie,i=1,2,,9 B CHLABIPEAE W 5L, ¢, =
<I}’_Iz>lz_152rz _ (IX_].‘J’-Iz)]M ]

A A A R e

X'z

1. (L.-1,) L. 1
CTIL-r T L e T T T
I(I,-1,)+L, I,

1L-r Y TLL-F°
3) BAMB B F IR

b =p+ (rcos ¢ +q¢sin ¢)tan 6
9=qcos ¢ —rsin ¢

o = cols a(rcos b +qsin ¢)

(11)

4) i TR

_qcos d) rsin ¢ Tsin « 4 geos acos 0 Ve, a

cos t,// cos ¥ mV vV m

gsin asin § 15, cos «

v 2Vm
: . Ve, B T8,cos B Teos asin B
B =rcos ¢ —gsin ¢ + T o - -
gcos acos Bsin Psin @ geos acos Psin Bsin 6
v ¥ v ¥

gcos Bsin acos Osin ¢  gcos Ysin asin Beos ¢

|4 V

(pcos a +rsin @) +LV(tan ysin @ +tan B) +
m

. 1
M_cos,B

itan cos jucos 3 — Tcos
my YOS B mV

o' .
tan ycos usin B —

%cos ycos utan 8

(12)
5) Pz st .

sz(T- cos acos B =D+ cos B+Y « sin B) —gsiny

0% ZLV(L'COS M —Yecos Bsin u — Dsin Bsin w) +
m

gcos y
vV

lv( sin acos @ — cos asin Bsin w) —
m

1

mVcos y

X = [ T(sin asin u + cos asin Beos ) +

Ycos w + Lsin ]

(13)
WA (1) ~ (13) LR LI 3 S 4, FH
Matlab "1/ S PRECEISL R AT 4257 6 B & 5h )77
it

2 wH T EM

2.1 EEAHEH
2.1.1 AR

BT IR 7 X RE T BR 1 AR G 5
M), SIS AL 320 80 L A o O A, e B T
Ja il () MR RIS A 1 | 2 AT T, A R
Ry =N T R o S R O 77 -
Fys

FLHEETH TN R ICA LU 5 A % .

1) XPFREEE + FHREME

2) [ e 3 + FHRERE

3) PEHAR + FHEAE

4) K-S + BE3E

5) K FRSE + FHREAE



F12

F TSR A BT B RE R, T Bl T
P = A2 B 1 AR AR LR FE ARG,
PR AR BRI T 3 4 [ i, AR B O 22 515 ) A f)
TR, TR DU R B S 4 A X e e F
RO R BT 7 e 07 =, i 1 s 22 %
BLSZ TR RPN AR SO AT 4 ) A B e
SR R BRAESLA T £ TE i e ) 4 ) 07X

AF

1

AF,

2

G
1 BEEANRIAESREETER

Fig.1 Force balance of the direct life control
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Fig.2 Direct lift control system with nonlinear dynamic inversion method
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Fig.3  Simplified model of nonlinear dynamic inverse control loop
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