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HfzeR" f:[0,T]xR*x R™ - R*", u € R™,u RREGHBFHHANYER. EREH
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V= /OT Ot z,u)dt (2)

Hep fO:[0,T] x R* x R™ — R™, Nz HIBIL M A ERE, T (1) BRETE, (2 RERE
¥, &8 v EREFEEV HERDPER—DBMERIE. WikRAEHTERBE o Bk
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3(6) = F3(t) + N(&, %) + Gﬂ(t)} 3)

y(t) = HE(t) + v(?)

RESFEER, ERENHETERLETHEES. MRS 30) = o, T(t) A n 4RAH

B, u(t) b m(m<n) SEEEE, F0) K p (<o) BRHAR GXERN 0L,

RENZBRMEBIN), NG 2) & n fEEEEE AR, FARKOEMIES nxn G5E

BE, G HnxmEMARME, HHXpxn BHLEE. o) ErpENEARSE, o) 5n
RAVMEIRA B F(0) LT i

Ev(t) =0, EZo=po, E[ZovT(t)]= 0}

E(t)vT ()] = Rs(t), E(%;,%5] =P @

LR ARG R G TR B 2 RSN
z(t) = Fz(t) + Gu(t)

y(t) = Hx(t) + v(t) ] (5)

ENRSG (3) 5 (5) KRz SR MRE B A

e, =Z(t) — z(t)
. } (6)
7 -

(3)-(5) #¥ (6) AT
é, — Fe, = N(%, %) + G(U(t) — u(t)) (7)
M EXTTH, Whe, ~0 6 ~0, UE
N(&,2) ~ -G(u(t) - u(t)) (8)

TR (5) ST HA R G R BRI u(t), WBEZBAR ¢, = -y B, Be, =52
BN, HAMB e, BT, TG e, ~ 0 BRI, B AT LU B3t 74 135 5 b 1 4
N(5,3) BT RS R, TS0 R A ORI G T INELR. R e R
YORBE R WL B LR RS 5() (R o), BW e, ~ 0), BTEBE NG 3) 5RE
FROBAET, BTBHFL GRS S TS AR R B 2
J1 N (3, 5) 512 AR 0 252 B 2 2
KRR R (5) ORAEH ut), A e, = §—y B, & L TREEWIR
0 A b 8
1 T
v =E{; [ 1G-97Q@ - )+ Rudt) (9)
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AN TT B BNE Lk B AT R BRI R B 4

u(t) = —RIGTP1)Z(t) + R'GVb(t) (10)
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P(t) BRERRTENF

Pt)=-P@t)F - F'P@t) + PO)GR'GTP(t) - HTQH}
P(T)=0

b(t) W2 TR &R TR

b(t) = —(F - GR™'GTP(t))"b(t) - HTQg(t)} 1)
b(T) =0
Zt) R RBWEHEAH
Z(t) = FE(t) + Gu(t) + K1 (8)[(t) - Hﬁ(t)]} (13
z(0) = po = Exo )
NP EEEEERE Ki(H) A
K(t) = P O)HTR (1) (14)
IR 2 D R ©10) WR
Pi(t)=FPi(t) + P1(t)F" — Pl(t)HTRs—l(t)le(t)} (15)
Pi(ty) = Py
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N(% &) = G(u — @) + é, — Fe, (16)
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Hep
w = N(%,2) + G(& — u) (18)
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mrgt i, FBir R
1 /7
W= 5/ [(ey — €})" S(ey — ) +ui" W]t (20)
0

BAKIEE. ST W 55 04 AR N 2k B B R
XA SRR AR L 1 B 74 B 0 A B EE

N(&,z) ~ G(u — ) + u) (21)

HR EX—FPRUMREAREMEEDN. BEFNIFTERYE, X—PHERRLTFL, MER
LA RRERBHAT.
2.2 RESHHMEIT

Crawley HIXCEF, REMIFLMELEMFTF=ENELE I RREMETH @

N(z,z) = bz, )t + ki{z,2)x (22)

EXTREFE z-¢ LHH#E N(z, ) WETETH, MEWURSEPETERLE RE FSM
T BT AR R LA T FI AT & i 6 3k 2 0 8 T8 =

N(z,&) =c-+kix +b&+ " +b,2" + kpp + bpp + fpsign (z) + g|x|sign (z) (23)

MZHA5RWE S, KUBEAFERY, KEWRER KRR EREIMBERS, £6
% 7 RR BRI MER S, S TAECEEN, BRE—FEGHWHEBH. £
RHWFTEFEE S FSM B LG it it ERERERXBERE PSS H (FSM FEH R
RS R [4]). 7 2.1 7 ELIRE T IRKMEEE ST 8 JR RS ZE B RMA T, F
R EHRE, &% (23) ABEF S XRERNERE, AR ZRERTT UG (23) X &
REHRY, ABOEREAS RN, TR ERE D R R R X — B/ R .

3 WHAMAEMSER

SHERPHERAE L A BRREEERSE, m ERFERME f(), m S ms 2
B BRIV B BB, B L LM MBER, HORMRAPRX—REERENRY. A
T me §ms ZRIKMERUEERZ HERRL

nas(x) = kaz(z2 — 73)° (24)

%—%%ﬂéjﬁj@; mi=meg=m3g=my =1,k =ke=ks=ks =10, c; =cy =c3 = ¢4 = 0.02,
kaz = 1000, RAFAHKIELREBE NI - REBWE 2 fix, BRABEESNTEL B
B W 75 A IE A 4 A0

£1 SHPWRER

Table 1 Results of parameters identification

Without noise With noise N(0,0.01) With noise N(0,0.02)
Exicitation Results Error(%) Results  Error(%) Results  Error(%)
F(t) = 5sin 5t 992 0.8 962 3.8 1050 5.0
f(t) = 25sin11¢ 975 2.5 1024 —-2.4 914 8.6

f(t) =50sinTt 982 1.8 967 3.3 1034 -34
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Fig.1 Spring-mass-damper system of simulation
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Fig.2 Force state map of local nonlinear restoring force
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IDENTIFICATION OF LOCAL NONLINEARITIES IN
DYNAMIC SYSTEM VIA STOCHASTIC OPTIMAL
CONTROL APPROACH Y

Wu Zhigang Zhao Zhengcong Wang Benli Ma Xingrui*
(Department of Astronautics and Mechanics,Harbin Institute of Technology, Harbin 150001, China)
* (Chinese Academy of Space Technology, Beijing 100081, China)

Abstract In the analysis of dynamic characteristics of space structures, the connecting elements
play an important role in the overall dynamics of the structure, which often lead to the structure
exhibits local nonlinearities. Generally speaking, the main part of the structurs can be regarded
as linear with sufficient accuracy, but it is often difficult te incdel these local nonlinear elements
because the complexity of their configuration snd operating wiode. Therefore, an increasing amount
of attention has recently been devoted to the identificziinn of local nonlinearities and structure
parameters of dynamic system.

A new ia:ntification technique of local nonlinearities in dynamic system via stochastic optimal
control approach is introduced in this paper. In optimal control theory, the Linear-Quadratic-
Gaussian problem have been successfully solved via stochastic dynamic programming. Based on
this result and the concept of optimal control solution of system identification problem, local
nonlinearities identification of dynamic system is transformed into a stochastic optimal control
problem. Combining this transformation with the Force-State-Mapping method, the identification
technique is presented in this paper to identify the types of restoring force transmitted by local
nonlinear elements and their parameters. The dynamic system discussed here can be decomposed
into a large linear substructure and one or more nonlinear substructures. While the model pa-
rameters of linear substructure is known prior. Numerical simulation examples are also given to

validate the effectiveness of the proposed method.

Key words parameters identification, stochastic optimal control, dynamic system, local nonlinear
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