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Model Predictive Control of Aircraft Braking System Under Asymmetric Motion

Based on Disturbance Estimation

LI Fan-Biao"? YANG Hao-Yue! WANG Hong-Xin' YANG Chun-Hua' LIAO Li-Qing'

Abstract In this paper, a model predictive control method based on sliding mode disturbance estimation is pro-
posed to solve the problem of bilateral wheel coordinated control of aircraft in asymmetric motion. Firstly, by ana-
lyzing the mechanism of transverse and longitudinal torque in aircraft braking process and considering the influence
of left and right wheel pairs on braking performance, a ground taxiing dynamic model is established which can com-
prehensively describe the system dynamics. Then, a sliding mode observer is designed to estimate the crosswind dis-
turbance in real time, and the compensation mechanism is utilized to suppress the crosswind disturbance effectively.
In addition, an analysis method based on the threshold characteristics of front wheel load state and the threshold
range characteristics of adhesion coefficient is proposed to solve identification problem of switching runway environ-
ment. A nonlinear model prediction algorithm is designed to realize the coordinated control of aircraft longitudinal
anti-skid braking and lateral runway deviation correction. Finally, simulation experiments are carried out under the
conditions of crosswind disturbance, runway switching, and asymmetric landing. It is verified that the control
strategy proposed in this paper can effectively improve the anti-skid efficiency and deviation correction perform-
ance of the braking system.
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predictive control
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Table 1  Aircraft braking system parameters
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Fig.2  Tire sideslip angle and stress analysis diagram
during aircraft landing
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[A)BEAT . PRI, X TROATL AR bR 2 2 o A 42 ) 22
BEAT AR £

k) e X, uk)eU

X = {,T ER‘Xmin <z< Xmax}
(25)

U:{UER|Umin§U§Umax}

Hop, X NREZELRES, Xuin M X 7371
NRGIREZER LTI, U AERHERARES,
Unin M Unax 7358 R G422 B B R IR.

FE LI A R b, 74 =N B 2001
AT 1) RHLE UK S & KRBT A D, LA E]
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SR RAT B H R 2) BEORIE AL B2 A i 25 7
8, DABG IR ®ML H HGE; 3) ZESRRHLLR S N IE
L7 L, BAE MU IR, £ Lik B R, 4
Ptk B AR ek Bs vt e
Np—1
Ji=Y ek +ilk) -z (k+19)ll5 (26)
=0
Hop, QRF RGN AR &% 2 18 11 WUBLE 40 b,
x(k +i|k) RAEEH b B R HEE k + i B RGUIRE,
x(k+14) 2k +i DR ERGRE, Np T
LK.

FORUE LB RS AT B v M 2 75 247
Ptk B bR e g R oin N dE | 3G s E T I [, A
SR R B 7 BN AR ) B A S T

Nec—1
Jo= 3 lu(k+ilk)|p +
1=0

Nec—1
Sk +i+1k ) —u(k+ilk)p (27)
1=0
Horf Py ORI B TR E AR, Py s
G SR B AR M, w(k + i k) NTESS kAR TR
55k 4 i I, No A RIE K.
BEAh T B R GOR A & e AT 4T
Vr(z(k + Np |k)) = |la(k + Np [k) — 2, (k +Np()||%)
28
R (28) 1, @k + Np |k) AE L MR IR T 1 22 35
WRAS, @k + Np) NZH R, % AL 5
HEMARA en(k) € Xp, Xp NEWAKE, B
Xp C X. Bt F oA 2 F 2 FR I 2 A R,

(A+ BK)'F(A+BK)-F+Q +
K'(P+ P,)K <0 (29)

Hrr, KRR G LA 5 2 0E 1 S0 2 2R R
A N B N RGAENHT 1 wo BAMEALAE RS HIHERG:

Of (x) + 0Dy u Of(x) + 0Dy, u

A= ox 0 B = ou 0
(30)
BEAMA T R GUREBEAT W1 295K
K(x—x,.) €U, Ve e Xp
{ (31)
FF(z, K(x —x,)) € Xp, V& € Xp

LR ERTA, Hbre Bstit

Np—l
. o . . 12
E%J_ ; a(k + i |k) — @y (k + 1) |G +

Ng—1

> Mulk+ilk )5, +

=0

Ne—1
STk +i+ 1k ) —w(k+il k)5, +
1=0

|lz(k + Np |k) — 2o (k + Np)||5

reX

z(k+1k) = F(z(k[k), u(k|k))
Omin < 0(k) < dmax

0 < P, Pi(k) < Prax

Hmin <0< Hmax

FF(z, K(x — x,)) € XF

TEIE, SR P 5] IR (Sequential quadrat-

ic programming, SQP) 3R f# It e /MEM AL ] 7, R’
AT SRAT R A R R A 1) () B N AR 4

w* =[u(k|k) u(k+1k) --- u(k+ N.[k)]" (33)

Forp, B ICER BN H SAE T — I Z0%00 A% )
u=[10 - Ou" (34)

BT AR AT T 2 R R SR T R

BIE 1. TCHLBIE AT B A R B o 4 ) S

S8 B NS EL HEE R U R IETITAE R4, )
Gk N Z, SRARDLAL B AR R EL (32) W AS BIRIAE I
MATEFH w, B ECEER T R4 (20);

SR 2. EWZ k (k> 0) B, R (23) T ARk —
B P9 RGUIRS AL

B3R Z k (k> 0) MRGRE, IHHHE RS
KA, AN B AR R L

BB 4. AR IR 2 AR 3 RARCAL B bR %L (32) 7T
LTS EI Z ke AN BT 5w, K E e R E TR
4 (20);

LB S AW R TIAR RGT LM (Ve < 20m/s), W
TR NIBRE D 6, 75 R 81555 2 FFUa 3T 4 il & 1T

S 6. Kbt Bk R,

EI 2. e 2 (34) MIEHIERFA T, JELk
PEZ) J1 B (20) AT LASEILN @, (R R ER. W5
R AL A 18] AR AT AR IS 247 AE PTAT R, WU AT 45 1A
W ARG E, H RGNS RAT ISR o, 75
WREFATHR EMES e L.
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0= {Ha:(k)—:c,,(k)HQQ Sfy} (35) a' (ko + Np +1|ko +1) = F¥(a* (ko + j |ko),
Horh K(z" (ko + Np|ko) — zr(ko + Np))) (42)

=2’ (ko + Np [ko + 1)|Ip,
||u’(k0 +Np—1 |]€0 + 1)”?32 +
[’ (ko + Np — 1]ko +1)||p, +
| Az, (ko + Np) — (ko + Np + 1)||5 +
2 || Az, (ko + Np) — (ko + Np + 1) § %
[(AK =" + Byu! (ko + Np — 1|k + 1),
JERR. LAl M) 8 T (2 (ko), ko) TE ko B2 11
T Uy, SRR F108 X, T
A LAl 7R A
Uy, = [u”(kolko) w*(ko + 1]ko) ---
u* (ko + Np — 1]ko)|"
* *( o+ Np * ko)] (36)
X, = [x"(kolko) =" (ko + 1|ko) ---
x*(ko+ Np — 1|k0)]T
FIEARAL 08 T (x(ko + 1), ko 4+ 1) TE ko + 1 I
Z &k AT 5 U gy 41 169
U/ko-i-l = [u/(k'o + 1|k‘0 + 1) ul(k‘o + 2|k‘0 + 1) cee
u'(ko + Nplko + 1)]T (37)
U ot A1 U XSLE, S5 T AT o
uw(ko+7+1lko +1)=u*(ko+ 7+ 1|ko),
Vj=0,1,---, Np—2
’U/(/ﬂo + Np |k0 + ].) = K(:I)*(ko + Np |/€0)
—x,(ko + Np))
H ik MR ELE ko + 1T ZIZR IR A:
Au'(ko +j+1lko +1) =u'(ko+j + 1]ko +1)—

Ul(k'0+j|k0 +1)7v]:17 2a "'7NP_1
(39)

WRGUREFINN X 141, 7E ko + INZIRIR:
X'jor1 =[x (ko +1|ko+1) x'(ko +2]ko +1) ---
@'(ko + Np + 1|ko + 1)]" (40)
BHxtvi=0,1,---, Np— 1] DAHEH:
@' (ko + 1|ko +1) = 2" (ko + 1 |ko)
x' (ko +2)ko +1) =ax* (ko + 21|ko)

(38)

(41)

' (ko+j+1|ko+1)=a*(ko+j+1|ko)
4 j = Np i, &R R R N:

I T1E ko Y 21, DAk In) RBAFAE S AR Ak e 71 B A
RL AR 741, W B fE — N o R G, AR
RGLR, WU o' (ko + Np 4+ 1]ko +1) € Xp,
YIATE ko + LI 2, 04K nl LAE AE W AT iR XLIRA
fE k=0 BAEERATE, ILAE L > 0 AT A I Z1,
HRAK Ta] RRHAFAE AT AT il

R4 FR 4T, BLC & B 201 S AR A ) BT i
82 P g5 /)N 1 RE A8 AR bR BOR T, R A ST PR AR
A D KRN —HE, W2/ e 4 s R
AR RN

Np—1

Jow= > {

§=0
o (= 5 1) [, +
| Aw (k + 1K) 3, | + lle* (k + Nplk)-
wo (ki + Np) 3 (43)
k4 1IN 00 B/ R R R EOR T,
ATFTA:

Np—2

J ok+1) = Z

j=0
ze(k+j+1)5 +

. 2
lu'(k+37+ 1|k + Dlp, +
AW (k+5+ 1]k +1)|5 }+

(% + j |k) — @0 (k + )l +

{4+ + 1k +1) -

[’ (k + Np |k +1)||p, +

|Aw (k + Np [k +1)|p, +

&' (k+Np + 1|k) =@ (k+Np+1)| 5 +

12/ (k + Np |k +1) — & (k + Np) g
(44)

MR S LA T A1 A O Rk AT DAHE HY
I oy < v+ — 2" (k|k) — 2o (k)G —

[ (k) I, —

[Aw* (k[k)|[B, — =" (k + Np|k) -

z,(k+ Np)|% +

|z (k + Np [k) — 2k + Np) |5+

| K (@* (k + Np |k) — @ (k + Np)) ||, +

|K(z*(k+ Np|k) — xr(k+ Np)) |5, +

(A + BK)(z*(k+ Np |k) —

z,(k+ Np))|% (45)

=t (29) 5 %n:
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T erry < o+ — &= (k|k) — (k)15 —
(kK| B, — | Aw (k k)|, <
T'ow+7 = &*(k|k) — 2 (k)5 (46)

B RGoARA— BRI 0 5h, B 1 ) <
Tl L, BT 1 b o R L, K5
TV A6 A S MEA T, SRR . A
U R GAR AT TR MO, — 72 LS
BN — LA T U © 1, 1519 15F 7 4
Fask. 0

SR Hi X Bz 3 UL D
AR 6 . A BIE 0 F [RUHLA
ST 8 30 2 A IR T VB B B R R
Sz BhRAS; B P FRAEA 25 b
AL 5, % 0 STFHRAT et 511, Fi
RSB B R 2 DL S KR 0
S B VRS AU K 2 A, IF 3k
4 AR TS B8 B G EE R 32, DIRFH L
B A R B EDRAS £ B K
LI 5 DI R 50 VRS S T R T )
58, HLAR A B SR T B 0, Sl L
R AR RE, 7RG T B SQP BLIFT% 3
SRR 4 H, DB CHLT R A (O
.

3 {AEUE

N T SR IE AR ST AR 2 I T A 1 R
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Hep, p NZREE, S, ANLETR, Oy N &R
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Fig.6

Aircraft anti-skid braking and deviation correction control architecture
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