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Design of automatic control system for longitudinal landing on carrier

HUANG De-gang'f, ZHANG Wei-guo', SHAO Shan?, WANG Zhi-gang?, ZHANG Xiu-lin?

(1. School of Automation, Northwestern Polytechnical University, Xi’an Shaanxi 710129, China;
2. Shenyang Aircraft Design Institute, Shenyang Liaoning 110035, China)

Abstract: When a aircraft carrier sails in the sea at a certain speed for uniform linear motion, the sea wave motivates
the ship to motion in 3 degree of freedom and accompanying the interference of low altitude atmosphere turbulent flow
and airwake at the same time, which makes the landing environment of carrier aircraft fair adverse. That proposes a
huge challenge for the control system of autolanding. For the special problem, a method of the Command Filter Integral
backstepping and Sliding Mode Control is presented in this paper. First, the command filter to deal with the problem of
calculation expansion in backstepping method is adopted in this method, and then introduces of sliding mode control to
handle the problems of matched uncertainty and external disturbance. In order to depress the shake of sliding mode control,
using the idea of higher order sliding mode control in this paper, introducing an additional virtual control equation of state
to make the outputs of control system work on the integration device, which could not only depress the chattering, but also
dispose the matched and unmatched uncertainty. At last, the global stability of the proposed method is proved on the whole
and the effectiveness is tested by the simulations.
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Fig. 1 The structure diagram of the command filter integration

backstepping and sliding mode control

4 25 M (Stability analysis)
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Fig. 2 Structure of control system of longitudinal ACLS
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It

S|

6.1 X33 (Wind disturbance)
L 3 F 4o o RS I8, 53k 7K R
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4 T T T T T T
3 =
o2
£
8 O
X L
_2 L
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-3500 —2500 -1500 =500 0
PEES /m
Kl 3 KR
Fig. 3 Horizontal wind
1.5
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“ o 0.0F
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-3500 -2500 -1500 =500 0
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Kl 4 MEEX

Fig. 4 Vertical wind

6.2 ANV H ) 5256 45 B (Simulaiton results

without switching control)

[l SN 64 7 AR D) 48 7 T IS (10 552 56 25 R, A
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FITERESR @D TSR] R BRER X 22 JSME =
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50 T T T T T T
ok — pEEE
------ BB B
_50 =
& o0}
o
j; -150
200 -
250
7300 1 1 1 1 1 1
-3500  -2500  —1500 -500 0
BB /m

5 ARIPHz I ER T4 R

Fig. 5 Tracking results without switching control

2.0 —
1.5k
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g 05F

@ 00f

B o5l

-1.0} FIANAMEIEF) i
15} -

-2.0 L L
—-3500 2500

*ISIOO =500 0
PEES /m
Kl 6 ATyl R ER R 2=

Fig. 6 Tracking error without switching control

6.3 NI 4% il i S5 5 45 S (Simulaiton results
with switching control)

7 [ 83 7 I AN D e I (1 S 36 2R, )
MPEREFR B @DV R R ER ER 1R 72 SME =
0.2552 m, FRESNTEOL T SCHR 6, 21145 5L, MZLAL
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T I ERERGJEE
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ok — e
------ BERE
,50 =
E 00t
i
= 150
200 -
-250 -
_300 1 1 1 1 1 1
-3500 2500 1500 500 0
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K7 AT R RS R

Fig. 7 Tracking results with switching control

1.0 T T T T T T

osf [\/\/

0.0 b

RZ /m

0sr I AMEIES)

-1.0 B

-1.5 1 1
=-3500 -2500

1 1
-1500 =500 0

PEES /m
K 8 A DIHE I R R

Fig. 8 Tracking error with switching control

6.4 ZERSEE 25 B (Simulaiton results of attitude)
KI9— 10475 LI FE I S FLSE IR 45 . %

S 25 HnT LRI, WAL I A 36 Sk, LA

JEAEMARAT; U AR A A, BEEH AT T NIz 3).

12 T T T T T T
10
o 8r
- N
& 6F
g 4l
FINFMEIZ )
2 - -
0 1 1 1 1 1 1
-3500 —2500 -1500 -500 0
BEES /m

Kl 9 BRI A
Fig. 9 Changing of pitch during landing

-r BIAFMEIE)

1 1
-1500 =500 0

BEES /m

K10 AR R A AR A
Fig. 10 Changing of attack angle during landing

76 1
-3500 =2500

6.5 ¥H%i A (Input of control)

MNP TR PR 1200 42 ol i A\ 52 56 45 R T LA H,
AR TR T R I B Sh AR BE . (515
fRH IR, BARPTPEM A MRS N R R 4T
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