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Abstract Primary researches are presented in this paper which is mainly according to conditions of stability of
Model-Reference Inverse System based on Dynamic Equilibrium Theory. A method from simulation trials of

Nyquist plots is given below which may judge stability of Model-Reference Inverse System.
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Robust Eigenstructure Assignment in A Class of Second-Order Dynamic Systems

WANG Guo-Sheng "* DUAN Guang-Ren '
!(Center for Control Theory and Guidance Technology, Harbin Institute of Technology, Harbin, 150001)
E-mail: wgschina@sina.com

%(Department of Mathematics, Armored Force Engineering Institute, Beijing, 100072)

Abstract In this paper the problem of robust eigenstructure assignment in a class of second-order dynamic systems
is investigated. Based on the parametric solutions in a class of time-invariant second-order dynamic systems, this
problem is changed into an optimal problem with some constraints, and then the simple effective algorithm about
eigenstructure assignment is developed. A numerical example and its simulation figure show the effect of this

proposed method in second-order dynamic system designs.

Key words = Second-order dynamic systems, robust eigenstructure assignment, parameter disturbation
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2 [ R
% BA SRR N RS
(E4+AE)g—(A+AA)g—(C+AC)g=(B+AB)u (n
Hge R", ue R HIHREERSFRFMATE: E ACeR™, Be R™ NOMEMH: &

e BT MBI
Ri& 1: AE, A, ABFIAC BHHIARGSHEE, A, B,C Bz, H

AE = iaksk , A= >’:5kAk , AB=35,B,, AC=X6,C, @)
k=1 k=1

WAL E,, A, By, Cy» k=12, NEFFERE, &, k=12, ALEIMENT | BRFIRE;
{BRi% 2: rank(E + AE) =rank(E)=n; rank(B)=r;

Ri% 3: %55 (E A B)A[#%, Blrank[A-sE Bl=n, VseC.

M AE, AA, AB, AC I NERT, & |

EG—Aq—Cqg=Bu 3)
PRV B sh IR G (DRIARR RS .
e B RS R A R
u=Koqg+K,q, Ky,K, € R™ C))
T, BRARSC)HHAA RSN
EG—(A+BK;)G—(C+BKy)q=0 5)
AR—MH, AXFRAXRREOWFEENERBXEMEL, CRFEEERN
F={s;€C,i=12," o FRCHHE(E s, M AFFERI BN v,e C™i=12,-2n, W TFRFEHR:
[s?E—s;(A+BK,)—(C+BKy)lv; =0, i=12,--2n (6)

MR GG R @) T BRHESH B B M A R a0 T -
B ESA: S _MBIN¥EREC)KEET , KMSEIFL AR Ko, K, e R™ M E

v,€C",i=12,--2n, FHWHEEHFTELH®).

g N
V=[v; vy -vy,1] @)
A = diag[s) 53 :-52,] (®)
MR (6) T # ik R
EVA? —(A+ BK,)VA—(C+BK,)V =0 ©)
g

Vv
W =[K, K, ][VA] (10)



S NFERENE R EENEE 7

B alRE ESA HHIEEFE Ky, K, € R™ N ARIRG()F, SHEOMLEL, REWNT:

!
AEVA? — AAVA — ACV — ABW = Y (E.VA® = A,VA - C,V — B,W)5, (11)
k=1
i
i =Evist —Awvs; —Cov; —Byw;» i=12,-2n (12)

MR F (D H— A TR
! 2n
J=z{akz§:f¢u] (13)

k=1 i=l

Hep (o RARERENEISIEE, o, k=12, HESMINEF. FRESN-Hsh RS

()R BB E S5 B R B AT AR TN F -
i@ RESA: SEBBI M 1RG0 (1), KifRE ESA HAEEEE 7 X E B/,

3 AR AR

HEBIR 3 oL, BAFERERE P(s) f10(s) R TR

P(s)[A—sE B]Q(s)=[0 I] (14)
Xt Q(s) QT 738k
()™ Qn(s)
Qm:[ 0,9 QZ(s)] e
/7.\
E'=diag[! E], A'=|:.0 I:I, B'=[O] (16)
CcC A B

THEHEAE T A8 ESA M5 .
EE 1Y [ERHR_SIN¥RZEQ)REETD, HHEXM(E A BYF(E A BRI, NH

RTTRHG)RIE I Ko, K, € R™ KT ZBAFIR N -

V -1
(K, K1]=W[VA] (17)
HAosEREY fiw 15 B25 8
Vi=L'11(Si)g[’ i=1’2!"'32n (18)
w; =[Q01(8;)Ly (8;) = 0y (5;)P(s;) CLy (5;)1g;, i=1,2,--,2n (19)
[k
Ly ()™ Lip(s)
H s L - 11 12 20
R [Lm) Lm(s)] ¢
WETA: ‘
H(s)[Q12(s)P(s)C+sI =0y, (s)IL(s) =[0 I,] (21

Hrg eCi=12,-2n B2—HWH R TRARK B S E 0 &



8 Bk, BRSMNA

AR 1 Y, =5, B, Hei=g, i,j=122n;

23k - dtl: Ly (s1)gr - Ly1(s2,)82n }#Ou
siLi(s)8r - S2,L01(52,)82n
RIFEH 1, REFEO)EMT
! 2n 2n 1
I=Y (Y gloloe)=3 Y @glol®g) (22)
k=1 i=1 i=1 k=1

Hr
D; = Echn(Si)si2 = ALy (s;)s; = Cr Ly (53) = B [Qa:1 (5:) Ly (5;) = Qo (5:) P(s;) CLy (57)] (23)
75 RIFER(22)R] kA

2n
J(si, 845 i=12,-2n) =Y J.(s;, &) (24)
1=l
Hr
[
Ji(si’gi)=2(akg!1q)i[{q)i8i) (25)
k=1

BB 7,51, ) 1= 12,20 GEUCHTELA S YOI, FRUARAHEAR J 5L A BRI A7
Ji(s;, 81),i=12,---2n BIA], BEfI .
min J;(s;,&;) (26)
st AH1F2, i=1,2,-2n
BT RO TR ML, Tkt EARESC, , i=1,2,, 20 X145
ﬂE%E’JﬁE AT

aJi(si’gi) =2q)igi , i=1,2,"',2” (27)
9g;
9J;(s;,8;) oo/ u 99, '-
1 14 17 = q) @ ’ =1,4,, 2
- ! ( . o i i=1,2,+,2n (28)
Hrp

D, Ly, (s; ? &
a—.l=(EkSi2—AkSi_Ck) lqal(.SI)+(2Eksi"Ak)L11(si)_Bk[ Q;;(S )Lzl( 51+ O (57) le(s )}

[BQ;(S )P(Si)CLn(Si)'l'sz(S,') CL“(S )+ 0oy (5,) P(s; )CaL”(s )]
ot [a@ ] itig ek
asi Os
M 1. EOERERHEM BRI, ERGKIEIRA, TASERER R g i=1,2,,20

FHoTE, WS —ma iS5,
GAEHE 1 R ERHES, BATAT IS ERAR RS RESA 1 FRE .
BE RESA: RN NI NFRGEQ), HHEEX(E A BM(E A B)FE,
1) WREAHRMBRRE P(s) FIQ(s) » X O(s) M(15)535k;
2) SRR EQUBMEE H (s) F L(s) » XT L(s) Q1(20)533k;
3)  HA)MI9REGERE V Fiw HISELER;



—E ¥ RGBS EE . 9

4) SREUBIQE)MIENR 1,0 i=1,2,-,2n, JERIFHBEEBRARQ6)R S AL
5) FIALE—BREHEAR 1 12 WS s, Mg eCi=12,2n, HEEEEV AW,
6) MERA7IHEEEEME K, MK, .

4 ZUEE B

FEE MO s IE RS, HF

10 1 1 0 -1 0
E=[2, A= , B= ,C=
0 0 0 1 0
E—B—C—OE—OO A—OOA 10 1 0 C—OO
22T =L T Yy I_O 1’ l_l 0’2 2 0

KEBAFERESN (E A B)F(E' A B)HATHs, *E%EQ%;P& RESA 7ﬁT é‘a‘i%,
1) SRAGH R (14) AR RE P(s) T O(s) 51 H

P(s)=
0 1 11 0
u-ri-n
A= T Tasisea -1
s -s : -5 1+

2) KA R QDA AL H (s) 7 L(s) 73514

H(s)=1
1 =1 4011
T e IR ER N
-1 —25—Lls : —2
s—1 1-s 1-1 s-1

3) £ g =le; Bi1"» i=1,---,4, BHAS)FI19) BV Fw KIF]EEH5H

B 52 _1_g?
vi={a' Bi ], w; = o;(1+s; +s;)+ﬁi(si 1-s;) e 4 (29)
-a; - B; (1-s7)a; + B;)

4) RIEEOZKBAFEIR A
Ji(sivai’ﬁi)=‘aiﬁisi‘ﬁizsiz"'ﬁizsi_2ai25i_ai2_ai25i2+/3i2' i=1---4
BB =-1, i=1-4, FASEERE

{sl — 01 {52_3 =-1.2685+0.5032i {s4 =-05

=-00617  |op3 =04431F2.0502i  |ay =-

5) ¥ EEFBESEAAQ)K, A
[0.9383 14431-2.0502i 1.4431+2.0502i 0
_[1.0617 0.5569+2.0502 0.5569 —2.0502i 2]
[1.0539  2.5205-4.3519i 2.5205+4.3519i 1
~{—1.0511 2.8155+0.0187i 2.8155-0.0187i —1.5].

6) H(I7)AEMEER K =K, K], HF



