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Abstract: T he stability of the turbofan engine control loops (W hich commonly includes
peed control, acceleration/deceleration control and temperature protection control) was
researched-in thispaper. The research show ed that the turbofan engine control systan wasa
gecial multi-sv itch control loops A sufficient condition w as given that made multi-control
loop s for turbofan engine control systan be stably sv itched through every stable control loop

and continuous s itching

Key words aerogace propulsion system; turbofan engine; linear switched system;
continuous swv itching

. 2005- 12- 12 . 2006- 04- 05
(1979- ),



602 21

12

y NH no
3
11 NH au ar NH
1 3 n | = ax, ax, b n (1)
Qm - kl 0 Qm
NH
NH ref, no =
nH ; Qm
nH P2
o an an b1 NH
mfrefy
0 azi a b2 no (2)
mf ]
. - ket - ka2 - kad Qm
T4 NH il a2 b NH
T aret / n|=|a: ax» b2 n (3)
(2 8] Qm 0 0 - k Qm
. (1 3
R A
Tl - 7>sz]
JLA4 | M ’
ki, k2 ks
Uy, Y
7 ol 1) 2 | ;
A Ry
B |
1
- U, -
el etz [ g 2
3
w1 U L 1 fa— T 21
5125 L
1 1
Fig 1 Simplified diagram of the turbofan 61 :
oontrol system x(t) = fi[x(),t] , x R (4)
(1) fi L ipschitz ;

(2) ,
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x(t) = Ax (1) (5

i {12 N} , x() R"

Al R™"

o= {xo (io, t0), (i1, t1), , (in, tn), ,

x,/10°

i {1,2, ,m},k N} (6)
, (i, t): WS t< tr 1,
x ()= fi[x(1),1] N
x(t) = Ax() , i= 1,2
[- 1 2J [ 1 20J
Ai1= , Azx=
- 20 - -2 -
XO: [0 1, 01],
1)
2 )
(1)
3 1
8
6
4
2
0
=3 i |
-5 0 5 10 15
x, /10°
2 (D)

Fig 2 Diagran of phase plane of the systam under
the first avitching strategy
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Fig 3 Diagran of phase plane the systan under the
second s itching strategy
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L yapunov [13] L yapunov
( )
X Ri , i )
[ j
fi(x)
RinR;j= fij(x) Ri= R" (7)
el (5),
(6) :
(1) x Ri Pi, :
x'Pix> 0 (8)
x"ATPi+ PA)Xx> 0 (9)
(2 [ j
fi(x),
x"Pix = x'Pjx (10)
1 (@ (5)
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L yapunov V (x)= x"Pix :
V (x) ) X Ri
QL[-X-(I)_lt = x AP+ PA )X
. X fij (X) , : Mxt_(l)—]' <0
(1) L yapnunov
' ' , MATLAB
: L yapunov
(2) 2 Pi= P2= Ps=
' 0. 096 2 - 0.0016 0.247 8
’ - 0.0016 0.0264 0.0805
0.247 8 0.080 5 0.912
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fg Fig 5 Diagram of phase plane of the turbofan
control system under the
continuous s itching condition
0.6
0.4
0.2
4 g’é 0.0
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Fig 6 Diagran of svitched signaw ith gpeed and
acceleration control loops
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