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Sliding-mode reduced-order controller design for
a class of nonlinear helicopter model

JIANG Yuan!, ZENG Ling-wu, DAI Ji-yang
(School of Information Engineering, Nanchang Hangkong University, Nanchang Jiangxi 330063, China)

Abstract: We investigate the design of a multiple-input affine nonlinear system for the multiple-input CE150 helicopter
model with cross coupling. A new method for designing the sliding-mode reduced-order controller is developed based on
the sliding-mode control theory. For a type of higher order affine nonlinear system, we build appropriate diffeomorphism
transformation functions to reduce the initial higher order system to a lower order system by repeatedly using variable
structure control theory as well as building variable structure control rule. The control input to the initial system is backward
deducted successively from the mapping relationship between the present system and the previous system. This method is
feasible and effective according to the simulation results of CE150 helicopter model.
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S11
31 = =
S12

0.072z9 + 0.00639z4 + 0.24x5 + 25.15x6 + 0.1927 + 0.088119 — 43.31422
—0.00036x5 + 0.00004138x4 — 0.0024x5 — 0.2253x6 — 0.002z7 + 0.04x5 — 0.0011z9 + 0.45722 |

ERAE VT E T, AT S 5O T 46 %
P
I, = 0.0028, By = 0.0033, hy = 0.0726,

0 = —7° ay = 0.0296, by = 0.0588,

Ty = 0.1, Kg = 0.013, I, = 0.0025,

By = 0.003, ay = —0.4498, Ty, = 20,

by = —0.0798, Ty = 0.2, K, = 0.063,
Ty = 0.3, = g ¢ = %”, a1 = 0.856,

-5
ugs = —0.379, 2o =10 0 0 0 T; 000 0.

T 7

—57
mo=1[0 00 ETE 0 0 0],
—5m
o o

g 0 _—
m0 =10 15555 T50.23”

by = [0.1], r = 107,
A = 0.005 F4hHE 8N 1 = [0.05sint 0.05cost].
PrILar 43 ih 2, ReoR T IR R GOIR S
ANABIE, N rhe] W RS R AR A MERE.
KRR W16 R GRS B Z, 7T LUE B AMEE)
W5 A A, BI23R 7R 046 28 Ge 4% A A\ 0 i
A e 2k, B bR B B N BHR O
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Fig. 1 State trajectories of the original system
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Fig. 2 Control inputs w1, ug and sliding manifolds s11, s12

5 455 (Conclusions)

ARSCHE T WA g h i B e, R T — B
(P RE RE I da  28 BT T, B XATCELSO B AHLAE
SR AR, T Tk A 3 T 3N g R VR AR 4 o B, R
WG RGP 2230 R 48, R AR B o () it B o
RIRHMEH VI RGN, Wl B4 R
WpTER il e W v v a R, RS 5
LA IR BB 5 VAR L, A SO HAT W R

1) 3&EH TR i RGBT BB

2) LA GE I BRI J5 ik, AR TT AR R ST
(EEEISS

3) W BB v AT — e, &
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