Journal of Theoretical and Applied Information Technology

20" May 2013. Vol. 51 No.2 B
© 2005 - 2013 JATIT & LLS. All rights reserved- L ———
7Y TT]
ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

AERO-ENGINE VARIABLE STRUCTURE GLOBAL FAST
TERMINAL SLIDING MODE CONTROL METHOD

'L1 YONG, *FANDING
School of Power and Energy, Northwestern Polytaztininiversity, Shaanxi Xi'an ,China

School of Power and Energy, Northwestern Polyteziniiniversity, Shaanxi Xi'an ,China

E-mail: Yiyongnwpu@mail.nwpu.edu.cAfanding@nwpu.edu.cn

ABSTRACT

One new kind of aero-engine control method basethewariable structure global fast terminal slgdin
mode control is proposed for the varying uncentainbnlinear system of aero-engine. The aero-
engine global fast terminal sliding mode variableucture controller has been designed by the irtkdep
study of VSTSMC theory.The simulation results shdwat the designed controller has good control
effect and strong suppression of external inteniegeso that the controlled system has strong tobss

in the entire control stage.
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1. INTRODUCTION!?3 In this paper, the introduction of the global
fast terminal sliding mode control in aero-engine
Aero-engine is a strongly nonlinear dynamicatontrol system, the control method for the desifjn o
system with complex structure , in terms of multithe control law to the system state can be zero in
input and multi-output control, very obviousfinite time.it break through the ordinary sliding
uncertainties of complex objects. Aero-engine worknode control gradually nearly convergence
scope and the parameter range is wide.The contaiaracteristics in  linear sliding  surface
method based on precise mathematical models denditions.The dynamic performance of the system
powerless. Therefore, to ensure that the design isf better than the ordinary sliding mode control.
aero-engine control system has strong robustneAad with respect to the linear sliding mode control
and stability, sliding mode control to provide arthe global fast final sliding mode control without
effective means. switching items, can effectively eliminate
- , chattering. The global fast terminal sliding mode
perti lr'gg;%nMgg?aggggl ng'tglgaigr:;zﬁggsglstgecontrol bring; a new development direction in the
| ? ?roposed sliding mode control theory .
and external interference has strong robustness, s
has been widely used. However, the strong. VARIABLE STRUCTURE FAST
robustness of Sliding Mode Control only reflected TERMINAL SLIDING MODE CONTROL
in the sliding stage, to the reach stage, the myma INTRODUCTION
characteristics are very sensitive to the system
parameter perturbation and external disturbance, Since the early 1960s, the former Soviet scholars
even instability in the larger parameter pertudyat Emelyanov etal had study variable structure control
and external disturbance; in addition, due to thgystem, Variable structure control has formed a
sliding mode variable structure control for handlin branch of control theory. Variable structure cohtro
uncertainties switching control will allow systemsystem is different with the conventional control
control the volume of the high-frequency buffetingsystem in that the system "structure" may be
this high-frequency chattering easily inspire th@rovided according to the system state (deviatfon o
system 's unmodeled characteristics, thus affectiitg order countdown)transitions changes in an
the system's control performance and highnstant destination , forcing the system along a
frequency buffeting can be achieved without anpredetermined sliding mode state trajectory to
executive agency, therefore, this sliding modegariable structure control system with a strong
variable structure control can not be achieved irobustness.
practical applications.
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A traditional of fast Terminal sliding mode form 1q
is[ 4] Makey = X P the formuld 4) is
. a
S=x+fxP=0, 1) dy (P-4, - _P-d, (5)
dt p p

XURis state variable is _ _ . . .
#>0.p.a(p>0) As a first-order linear differential equations

positive odd
dy -
By the formuld 1) G TPy =R
9

3—1( =-pBxP general solution is
That . y= e—jp(x)dx(J-Q(X)ejp(x)dxdx +C)

dt = —idex L

Yij That formuld 6) 's solution is
Definite integral of the above equation get o o
-a P A Bk} ej°ppqadtdt+C
J‘Otdt:J'xo—ix"dx y=¢ .[0 p B

Thereby obtaining the time is from any initial Whent =0, c = y(0). The above equation
state x (0) # 0 in the sliding mode of formula (1) becomes

to reach the balanced state: - dat SES

M(p—?) 2 y:—§+§e P+ y(0)e P

S TCEr LA @
The equilibrium statg = 0 is also called the wherx =0, y=0,t =t,, The above
Terminal attractor. As a result of the introductimin equation becomes
a p-a

a non-linear partg x » to improve the convergence M —e P o
rate of convergence to equilibrium state, and the B . ) _
more far-from-equilibrium state, and faster  ©n the sliding mode ,time from an arbyrar

convergence. However, Terminal sliding moddnitial statex(0)# O convergence to equilibrium
control on the convergence time may not bex =0

optimal mainly because the speed of convergence p-a
of Nonlinear sliding mode formula (1) is more slow; - P ,ax() " +p (7)
than the linear sliding mode =) the a(p-aq) B

convergence rate when the system state close to a BY Setting @, B,p,qenables the system to
state of quludilibrium-dTC;] thiSbend, a new globalt fasreach a state of equilibrium in a finite tife
Terminal sliding mode has been proposed.
2.lvariable Structure Global Fast Terminal By t.he formuld 3)1

Sliding Mode Control Problem X=-ax-fx’ (8)

Descriptionl4*67 When the system state x away from zero, the

convergence time mainly by the rapiterminal
Considering the linear sliding mode with fast

) . a , _
Terminal sliding mode, a new kind of global fastract child that isy = - g x» determined ;When

Terminal sliding mode is the system state x close to a balanced sae0,
] q the convergence time mainly by
s=xtax+ fBx?=0 ©)) . o )
_ _ X = —aXdecision, X exponentially fast
xR is state variables, Attenuation. Therefore, sliding mode formula (3)
- t only introduced Terminal attractor, the system
ositive odd. no L ' )
a,8>0,p.q(p>q)P state convergence in finite time , but also ret#ies
By the formuld 3) fast when linear sliding mode close to the
equilibrium in order to achieve the state of the
S dx = 4 system quickly and accurately convergence to
p Gt ax P=-p Y q y y g

equilibrium, so called sliding mode formula (3) as
global fast sliding mode.
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.|| for matrix

The global fast sliding mode control combinesext if not otherwise specified
the advantages of traditional sliding mode controlt
and Terminal sliding mode control in sliding mode2
design .In the same time the use of the concept 0
fast arrival while reaching the stage. The globatl f
sliding mode control has the following
characteristics:

(1)The global fast sliding mode control system,,
reach the sliding surface in finite time, so tha t ) @
state of the system to rapidly converge to the = Po
equilibrium state in a finite time. System state S Sot oSo* feso
converge to the equilibrium state time can be
adjusted by selecting the parameters.

(2) global fast sliding mode control law is  «=-o-e-ee-
continuous, without switching items, which can . Gn-2
eliminate the chattering phenomenon. Sit = Syt @, .S, ,t B s, S (12)

(3) global fast sliding mode control has good a,, B, >0andg, p(q <p)i=0,1,.n-2)
robustness to uncertainty and interference by .o positive odds

choosing a small enouglV p, The state of the  The design globally Quick sliding mode Control
system can reach the sliding surface is smalhw

erms are induced norm.

TZTheVariabIe Structure Global Fast
Terminal Sliding Mode Control Law
Design'®

A fast recursive structure sliding mode is

pressed as

. G
— P,
S, =Sta,S,+ ﬁlsl '

enough  neighborhood of convergence to SR R < F P L SO

equilibrium along the sliding surface. U =-00OGD | ) éaks‘ éﬁk et S TR S
Consider under multivariate  uncertainty

systemh® : (13)

x(t) =[ A+ DAL X(t) +[B+ AB(t)]u(t) + Df (t) ( 9) Sy = X,o

x(t)O R"is the system state variables In the control law formul&13) , The state of

u(t) O R™is control vector the system along ,

f(t)OR'is Outside S, = —@S, - ys,

interference A R™",B 0 R™™,D 0 R™ respe reach the sliding surfagy_, = Otime t_ s

ctively is control object 's nominal system matrix p-q

;nominal control matrix and disturbance allocation ,  _ p in 21X (0)] ° +y (14

matrix; " e(p-a) y

AA(t), AB(t) respectively is the perturbation ¢ >0, p andgq(q < p) are positive odds
matrix of matricesa, B -

Assume 3. AERO-ENGINE VARIABLE STRUCTURE
1.AA(t),AB(t),D all can be Lebesgue CONTROL SYSTEM DESIGN AND
SIMULATION

measured and bounded

2. Foran arbitrary 0 @ aA(t), 4B(1) Simulation to the design engine control system

Continuous . . based variable structure terminal sliding mode
3. AA(t), AB(t) uniformly bounded inQ control. The model used is a turbofan engine linea
Assume small deviations model, the mathematical model in
1.(A, B) is fully controllable array on the form of normalized is
2. Without loss of generality, control matrix X = AX + BU

B" = |o B]] andB,nonsingulas Y = CX
Assume . Coe
1. Parameter perturbatigm A g meet X =[nngm AU =[m; A],
HAAHSwav ABHwa(lo) Y :[nLT4D]T°

Assuming beginning of control, low-pressure

2. External disturbance (t) meet ,
rotor speed N . high pressure rotor speed

[t@lsy, (1D

w.w,w, are known positive number the Ny . fuel supply m; . last nozzle areah, have a
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small amount of deviationThat the system initial
state point
X, =[005 004 003 0.03]. Control law
parameters are
a,=2,B,=1,p,=94,= 5.
9=10,y=10,p= 39= %

We want the adjust time not more than three
seconds. According to the design requirements,
select the sliding mode that the motion hope pole
se{- 3,3},the system in the hope regulation time

that Basic realization of the perfect tracking.

On this basis, added to the system the
mismatched interference. The interference of the
applied sinusoidal interferenc@.8sin(2t) ,

D =[1111] , a simulation result is shown in

Figure 3.1. Visible system can well suppress
interference.

Simulation results show that: when the system
parameter perturbation are not met uncertainties
matching conditions , by the adjustment of the
sliding mode parameter matrix, such that the
closed-loop system is stable and the basic tracking
But in larger parameter perturbations , the
adjustment time will become too long, the
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curve When parameter perturbatidA amplitude

up to 25%. As can be seen from the diagram, the
adjustment time of the system up to more than 4
seconds, the overshoot. After Simulation study,

when the parameter perturbation does not exceed
21% of the system's resistance to parametric
capabilities are strong , the error can be comtdoll

in less than 2%.
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5 control effect the buffeting phenomenon, as the
25 aero-engine nonlinear controller is effective.
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applications, the results show that the paper dssig
the global fast terminal sliding mode variable
structure control performance is good, a strong
suppression of outside interference, the accused
have robustness in entire control stage .It can
overcome the uncertainty of the aviation engine,
not only no steady-state error but also eliminhte t
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