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Abstract: Thispaper dealsw ith the gpplication of advanced multivariable control technolo-
gies to integrated flight and propulson oontrol systans Focusing on the ooupled flight and
propulsion subsystan s the integrated flight and propulsion model w as established T he gpproach
w hich translates the multivariable feedback control problen of integrated flight and propulsion
systen w ith multiplicative output perturbation and tracking error performance uncertainty into
m ixed w eighted sensitivity function shgping problen w as analyzed Them ethodology of selecting
weighted sensitivity function bassd on the Integral of Time multiplied by A bolute Error
(ITAE) rule ispresented and gpplied to the design of the integrated flight and propulsion control
gysten model Theoptmum oontrol systan © obtained is verified by smulation
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Fig 1 Frane of multivariable feedback control for integrated flight and propulsion system
S(s) T(9 : 2

os(iwls ows'(jw ]

AT(w]s oW (o] e e
yi= [Yia Y Y]

1 Ws
(s) W (s)
U Via = Wsu1 - WsGuz
W « (S) , / yik = WkU2
L8 y. yin = W rGuz
u 'u y [#O1 i y2= ur- Guz
! + £
W, % > 66 T H 5 P(9 :
[ b 1 U1
[yj = P9 { J
y u
J[ K(s) il )
Ws WsG
2 Wk
Fig 2 Problen of designing'm ixed w eighted P(s) =
WG
sensitivity function | G

LFT :
Ty, (9 = Pu(9) + Pu(9 [l - K(9)P2(s) ]'K(9Pal(s) =

'Ws(] [- Ws(9G(9)]
0 |+ Wk (s) [1+ K(G(H)] K©I =
L 0 A L Wt (9)G(s) -
‘Ws(9)] [- Ws(9G(9)]
0 |+ W (s) K[+ GOK ()] 1=
0 - L Wt (9G(s) -
Ws(S) - Ws(9G(9K(9[I + G(9K (9] * WsS
Wk (9K [1+ G(K (9] * ]- WKKS]
Wr(9)G(9K(9)[I + G(9K (9] * W+T
/ I ¥yl <1
: 2 , Ws(s)
K (s), W (s) W (s)

min_ I Tyl Y



19

698
(2] ITAE
0 J :J'O tle(t) |dt
: , e(t)
, ITAE n
_ an
To(s) = g+ ad" '+  + ar S+ a
Ws (S) W+
(s) , ;
ITAE To(s):

To(s) = LI+ L(5]*
L (9= G (9K () ,
To(s),

ofs(i]s ows*(jw ]
oT(wls owr'(jw ]

) To(s)
WT1 S) =
(9= 5
1 | - Tols)
Ws (S) = B
\ 0< o, B 1,

[- 2.7952e- 2 - 4.6704 0 - 9.8065
- 2.0433e- 4 - 6.2125e- 1 1.0000 0
6.810%9e- 4 - 82281 - 12581 0

0 0 1.000 0 0
0 - 2.9507e- 1 0 - 2.9507e- 1
- 1.0265e+ 1 0 0 0
- 20348 0 0 0
L 0 0 0 0
[ - 2.3059 -
- 9.8708e- 2
- 1.1996e+ 1
B =

O O O o o

, 1 ITAE
_ Wy
To(s) = S+ W
Wnts= 4. 5, ts yWn y
WS(S) W (S) 3 I-
TAE Ws(s) Wr(s
_ B(s+ wa)
Ws(s) = st € lq
Wr (s = MS—Q&H W lq
. q 1
Wk (s)
, W« (s) = diag{a,
, Aa},
2 ITAE
3
11 km,
11 ’
1.4354e- 1 1.364 4e- 4 1.648 %9e- 6 2.9505 ]
4.2202e- 3 - 2.9201e- 8 - 3.5289- 10 - 6.3146e- 4
- 7.1194e- 2 - 8.6133e- 7 - 1.0409- 8 - 1.8626e- 2
0 0 0 0
0 0 0 0
4.673 4e+ 2 - 1.5633 5.1922- 1 8.630 8e+ 3
4.093 4e+ 2 2.4957e- 1 - 2.0319 6.297 3e+ 3
0 0 0 - 1.000 0e+ 1
6.205%- 1 - 8.5950 |
1.347 4e- 4 1.8395e- 3
3.9744e- 3 5.4258e- 2
0 0
0 0
1.136 2e+ 3 6.377 5e+ 4
1.0593e+ 3 3.6005e+ 3
le+ 1 0 .



5 "Heo / 699
C=
i 0 0 00 1 0 0 0 i
3.38900e- 3 0 0 O 0 0 0 0
- 1.8636e- 1 0 0O O - 9.0163e+ 2 7.9807e- 1 9.644 4e- 3 1.7258+ 4
8.3088- 2 0 0 O - 4.0586 1.652 2e- 3 8.6096e- 5 - 1.3307e- 1
- 1.508 8 0 0O 8.2627e+ 1 - 1.754 1le- 2 2.059 5e- 2 1.420 9%+ 3
3.3248¢- 6 0 0 O - 1.2973e- 2 - 7.065%- 5 1.6396e- 4 - 2.5003e- 1
1.4494e- 3 0 0 O - 3.1723e- 2 6.5800e- 5 - 7.491e- 5 - 6.2696e- 1
L 2.073%- 6 0 0O 0O 8.0%6e- 3 - 7.1107e- 6 - 8.6503e- 8 1.1875e- 1
0 0 0 i
0 0 0
0 - 3.6825e+ 3 - 5.027 3e+ 4
5 - 0 4.4558e- 2 1.817 5e- 1
0 - 2.5429%+ 1 - 6.3136e+ 1
0 5.5726e- 2 1.505 0e- 1
0 1.4680e- 1 4.8200e- 1
L0 3.2756e- 2 4.492 4e- 1
& 0
, P no mi
As )
Y X=A*X+B*U , Yi=Ci*X+ D:1°U
X U Y= [Bn,P]"
Ci1=
0 0 01 0 0 0 0
0 00O 0 1 0 0
- 1.8636e- 1 0 0 O - 9.0163e+ 2 7.9807e- 1 9.6444e- 3 1.7258e+
0 0 0
D:= [0 0 0
0 - 3.6825e+ 3 - 5.027 3e+
0= x= 0.95 , B=0.95
0.063 1 rad, P= 13 144.43N, €= 0.0001 . al= 1
n = 10 668.34 r/Mmin,
= - 0.060 2 rad, mi= 0.43 kg/s a2=1, a=1
Ae= 0.237 5m? 8. As, :
Gt 6P, n / Ws(s) = %ls
, g= 3, /
: Wr(9 = 2Bt
5 6= 0.000 1s+ 9
Wk (s) = Is
Gt - n =
Y Iyl w1, Yoot
As » P = = 0.376 95, /
t= 0.5 wn=09, , 0



700
P n , 0= 1.5%, t= 1.2 s
; ls , 4 P ., 5
' n
&-0 AB= 0.631 rad 1.39 - - . ————
, 3 5 3 0
0.8 — 137
0.6 | Z 135
] &y
1.33
04 ]
E
1.31
0.2 ]
0'00 1 T 2 4
s 3 6  AP=657.2215N ,P

3 AB= 0.631rad ,0
Fig 3 0 Tracing reponsew hen AB= 0. 631 rad

13144431 — — — —
(1.18, 1.3144430)
=
£ 13144430 .
v
13144429 Uemisweas
0 ] 2 3 4
I3
4 AB=0.631rad |, P

Fig 4 Disturb reponseon coupled P output channel
when AB= 0. 631 rad

1.0668350 y y —
(1 L8, 1.0668.343)
. 1.0668340
=]
£
=
S 1.0668330 1
m-—‘l
1.0668320 1
) {1.02, 1 0668315)
0 t 2 3 4
t's
5 ABG= 0.631rad , n

Fig 5 Disturb repponse on coupled n. output
channelw hen AB= 0. 631 rad

Fig 6 P Tracing reponsewhen AP= 657.221 5N

A jm

Orad

0.238 —

0.236

02341

0.232 . R —
(H

7 AP= 657.221 5N
As
Fig 7 Regonson A s input channelw hen
AP= 657.221 5N

0.076

0.072

0.068 |

0.064

8 AP= 657.221 5N ,
0
Fig 8 Disturb reponseon 6 channelw hen
AP= 657.221 5N

AP= 657.2215N 5%
6 11

As—-P

6 P : : t=



/ 701

5 "Hew
0.7s 7 As , 8 , 11 Gt
, 9
n , 10 & 1.13
1.0669 - I
| 111}
4 1
o 1.0668 ke |
£ <> 1.09
< i
T 1.0667 Lo7} |
0 T 2 !
10666 i

s

9 AP= 657.221 5N
n
Fig 9 Disturb reponson n. channelw hen
AP= 657.221 5N

10 AP= 657.221 5N ,
&

12 An=533rmin ,n
Fig 12 n Tracing reponsew hen An.= 533 r/min

0.45

s

13 An=533rMmin
0
Fig 13 Disturb regponse on coupled Boutput channel
when An.= 533 r/min

1.3144 — —
Fig 10 Disturb repponseon & channelw hen
AP= 657.221 5N ]
0.465 —— —~ = 13143}
' E
& L
0.455
13142}
o
& 0445} 1 v
= 0 1 2 3 4
© s
0.435 ]
0.425 . . . . 14 An = 533 r/min
D 1 z 3 4 b

11 AP= 657.221 5N ,
Gt
Fig 11 Disturb reponson Gt channelw hen
AP= 657.221 5N

Fig 14 Disturb regponse on coupled P output channel
when An = 533 r/min
Gi-n An = 533.417 r/min
5% 12 14
12 n , )
=0.6s 13 0



702

19

14

ITAE

[1]

(2]

(3]

[4]

, : / H o

[J]. , 2003, 18(4): 524- 529
GUO Ying-ging, TIAN Tong-jun The Integrated Flight/
Propulsion H » Controller Design for a Nev Fighter[J].
Journal of A erospace Paw er, 2003, 18((4): 524- 529
[J] , 1999, 20(4): 358- 361
Schierman J D. A Comparative Study of M ultivariable Ro-
bustnessA nalysisM ethod asA pplied to Integrated Flight and
Propulsion Control[R]. A IAA - 93- 3809
A dibhatla S, Collier G J, Zhao X. H » Control D esign for aJet
Engine[R]. A IAA, 98- 3753



