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Identification method based on support vector machines for
turbofan engine steady state control in full flight envelop

and various working conditions

LIU Jian-xun', LI Gang', LU Meng-jun', WEI Xun-kai’
(1. Aeronautic Mechanical Engineering Department,
The First Aeronautical College of Air Force, Xinyang Henan 464000, China;
2. Research Institute of Aeronautic Equipment,

Air Force Equipment Academe, Beijing 100076, China)

Abstract: To accomplish steady state optimal control of turbofan engine in full flight en-
velop and in different working conditions, nonlinear estimation methods based on linear
steady state models of turbofan in all operation points were presented. The principle and al-
gorithm realization of support vector machines for nonlinear controller approximation were
improved. Then, the method used the improved support vector machines to establish the i-
dentification model of many linear optimization controllers designed for turbofan engine in
some representative flight conditions. The controller design results for other operation
points in the flight envelope can be conveniently educed by the model. For the identification
model, the inputs were the steady rotation speed, the flight altitude and the flight Mach
number, and the outputs were the parameters of the synthetic controller. The application
examples show that the identification errors of the method in the whole flight envelop and va-

rious working conditions can meet the control precision need.

:2011-07-19
thttp://www. cnki. net/kems/detail/11. 2297. V. 20120801. 1438. 201207. 1613 024, html
1977—>, s s



1614 27
Key words: turbofan; engine; steady state control; linear quadratic regulator;
support vector machines; identification
N . 7’71 — f‘1(7’11’7l], 9771[9AL, 7M(L ,H)
D) T:Ih = fz(nlﬂ'zl,,m“/\UMa 7H) (1)
0, y= fGa,n,.mi A, Ma ,H)
’ ny N ~ 5 My
, s A, 3 Ma ;s H
“ ” , iy , (
(linear quadratic regula- . )
tor, LQR> s
LQR i . ( . )
. x(t) = Ax (1) + Bu (1) (2)
y() = Cx(t) + Du () (3)

[7-10]

W [6]

(support vector machine,

SVM

[Am;,AA. ]T;A,B 2 X2
n X2 (n
)iy . .
(LQRD
n ny
(3)
1) H,Ma a) (
7)’1{), )
B,(i=1,2,-,n). s
0 R, [2]
Riccati ,
K,(Z - 1729"'971).1{;
H.Ma o ¢ m)
2 SVM

(2,

: x = [Any.Am ) u =

H

C.D

y = fx,



7 : SVM 1615
X GR"ay - Rv
) 3
{xkeyk}i 19 f:R”—>R7 f
f , SVM H,Ma
R . R a, ( ng 4y, ) K,‘
D(f.f) = JL(f,f)dP(x,y) D G 1a2uein) ,
) L(e) ., P(e)
x — y(x) 1
’ v
b L’
s m—’ - K'I(')._ n x(t) 1 x(;L
R o S . X s Ll
fx) =[weyw)]+0b (5 .
Ill(x) - [@1(x>,"'950,w<x)]
s W — (w1v""w;\v) A
ALY [ 1 SVM
J = % H w H 2 CZL(]}()C,-) ;) 6) Fig. 1 Full envelop control concept based on SVMs
i=1
* | 1) C ’ ’
L(Ce) € D ’
L(f(x).y) =
max (0, ] f(x) —y|—e) 7 ,
) (6) 2) H.Ma a, (
ny ) SVM .
! ! ( kll 7}»’19 9k91 9k7? )
mi ]: ,(,** ,')* (,x+ ,')* ) ) -
n Z;y a a EZ; a a ’ SVM
l
LSV —a e —apKxx) (8 5) :
2
=1 H,Ma «a,, SVM ,
. R SVM
JZ(Q,'* —a;) =0
s. t. i=1 .
la;,a,* e [Ov(::lv (Z - 15'"71) SVM ’
Ku,v) = [y « y(»)] H.Ma ), SVM
Mercer , [(u - ’
v)+ 1], exp(— [u—v|*/26) SVM ’
0 a,-* ;s ’ ’
KKT (Karush-Kuhn-Tucker) fiz] SVM ’
b. (a,* *C(,') ’
. ! 4
fGo) = D) el —a)K(x.x)+b (9
i=1
(8)
., Chunking B SVM
(13
156 ,



1616 27
, 11 o E s
s 156 X11=1716 , SVM
’ 1) (j\ €
R SVM o s
, SVM
, SVM SVM
, , 1
=K, —K|./[IK|. (10) H =9.05km, Ma =0.75
0
K, SVM K, 9% ’
Any, —2.040 —0.2379rAny
s | 2 . = -+
An, 3.063 —2.786 || An
, K, K, 0.308 0.5537rAm;
E , E [0. 293 1. 644} [AA(}
: K, K, Riccati (2]
K, . ~r3.595 0.847
6 E . 1716 ‘ [3. 171 8. 207]
s 60 =0.011, E =
) IK. ||, =9.073
0.015. ,
7 H.Md SVM
’ 3.467 0.817
, SVM b =
3.142 8.069
, 0 =
0. 017, E =0.019. 1K, Il - = 8.919
, 156 1716 6= 0.0170, E = 0.0168.
’ n
, 2 , 6 1%, An, (0) =1%. my
’ A° ’
95% : ( D 2. omoom ’
1 my A(.
. . b 3 b
, LQR Lk A SVM
6 E 2%, ’
, SVM , , SVM
1 0,E
Table 1 &,E of representative and test points
1 (Ma,H)=1(0.73,8.45km) (0.75,9.05km)  (0.68,8.10km) (0.82,8.10km)
0.011 0.017 0. 009 0.011
E 0.013 E 0.017 0.010 0.008
2 (Ma,H)=1(1.20,12. 5km) (1.25,13. 5km) (1.15,12km) (1.35,12km)
9 0.009 0.007 0.003 0. 006
E 0.015 E 0.019 0. 006 0.014
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Table 2 Results for various steady state rotation speeds

0 E
n/ %
100 0.008 0.002 0.014 0.008
98 0. 009 0.002 0. 009 0. 004
95 0.011 0.003 0.015 0. 007
93 0.010 0.002 0.013 0. 006
90 0.008 0. 005 0.011 0.003
85 0. 007 0.001 0. 009 0. 004
80 0. 006 0. 001 0.013 0.006
75 0. 007 0.003 0.014 0.005
70 0. 009 0.003 0.013 0.003
65 0.011 0. 007 0.015 0.010
60 0.010 0. 004 0.010 0. 006
SVM
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