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Tongji University Master of Engineering Abstract

ABSTRACT

For the energy dissipation structure, the additional damping force provided by the
damper is an important indicator for the research of damper constitutive model, damper
design and safety assessment. Based on the adaptive Kalman filter theory, this paper
extends the identification method of structural parameters and external excitation to the
energy dissipation structure. It systematically summarizes the structural parameters and
additional damping force identification methods of the energy dissipation structure, in
case of the external excitation is known or unknown, the damper structural model is

known or unknown.

This paper first summarizes the adaptive Kalman filter-based methods of structural
parameters and external excitations of empty framework structure. Then these methods
are extended to the energy dissipation structure, when the external excitation and the
damper structure model are known, the identification of the additional damping force
becomes a problem of damper parameter identification. When the damper structure
model is unknown, the additional damping force can be considered as a part of the
structural input force and thus becomes an issue of unknown input force identification.
When the external excitation is unknown and the damper structure model is known, the
identification of the additional damping force becomes a problem of simultaneous

identification of the damping parameter and the unknown external excitation.

The adaptive Kalman filter identification method adopted in this paper has the
advantages of fast convergence, good robustness and good anti-noise performance
when identifying structural parameters or unknown input forces. When the adaptive
Kalman filter identification method recognizes structural parameters and additional
damping forces or external excitations at the same time, it is sensitive to the setting of
initial values of structural parameters. When the initial values of the structural
parameters and the initial values of the covariance matrix are set properly, structural
parameters and additional damping forces or external excitations can be identified
simultaneously. The wvalidity and applicability of the adaptive Kalman filter

identification method are verified by numerical simulation and experiments.
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Tongji University Master of Engineering Abstract

Finally, the structural parameters and additional damping force of an actual energy
dissipation structure are identified based on the adaptive Kalman filter identification
method. Based on the actual monitoring data of the structure under earthquake, the
substructure method is used to identify the complete structural response, structural
parameters and additional damping force based on the structural partial acceleration
and displacement measurements. The verification of the existing monitoring data shows
that the identification method of adaptive Kalman filter is effective, and it has certain
reference significance for the system identification and structure monitoring of the

energy dissipation structures.

Key words: Kalman filter, Parameter identification, External excitation identification,

Additional damping force, Energy dissipation structure
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WAERECGE AT, BT RN S R 1 SRR RIASIEES, R
IREPEPAFVERE T R EH EATEE

FERAZ 0] R IR 7V 2 — e B AL 51 N R OR 2 A, BLE B B8
SR @S HOR A REEERE T o F FH ) B N SN 7R R R 2 g8 As A
—MEERE T, BRERITES R AR ZE T ERERD—NKT 1 BAUA
T, MG K T & — B R 2T 25 R R SRR . Hb)ih i, &Rk
IREPEPIGR TR EN SR mEH, “88” 1 IR,

SR, XM AR — B R PRYE, G SRS R BUEROR, SRR AEE T LA
ROBER RGN AL SHL, AR5 2R TP RS BUEEUN, W
FIEBARIMEEME, MEEERG T ZASH M6 Rz,

ANFE TR R/REMEN, HENY RI/RSIIAE kN 215658k T+ 17 2
FERE

P, =A,F, P F  +Q,, (2.9)
L A R EHENF T, BHEIUERS KT 1, KR S8 A8 75 1R 5 ik F s A S
g1/ (= Wi o = B 2 VA PN R eI S B VA S U O APl S S A L N i A e S P |
WK 1 3 L R B8 R R PR SR A ) A A R 2 R e A T /) s Bl T
TEAE M D BRI S PR B T R DS

HG T UE AP, MSbr RS BB VLR, St R IR S 08 ik A I
R M A B A OGS R A, B R 2 A AR ELIEAS Y, KRR 28
HHROAE TRENETN—UAHEE. (52, EKF il UKF Z3E4 80 %
I —F AR RS AR, YR ZE R EA R RS A, HRE N E R H AR
(RIRFPE,  BETT LA DI 2% BE SRAS LT B B8 IR AR
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PRI, AT DA R B B 3 A A I R R R 2 W U ZE R A 2 R
B, AEAF IR ZE M RAR IR IR FFAH LIRSS, AT SEFR R G BB ERRE T X T
FRLME R G, BALIRZE M EIRARFFIEAS R LR IR M, TN, b it
S, AR R IEAS TR IR B, BETT SR AR BB & R R B Al B RERY

Ao A2l
A= LA, <l (2.10)
o,
tr| D, |
=T — 2.11
oo, | @11
q)l,k =V, - Hka—le -R,
(2.12)

D, =H.F_P_, FkT—le

A, te[-| AsREEREE I HF, Y, A Sebrtin 5 22 1 b ZE R R, TR R 20

V- Vi
Vax
g, k=1
V, .= V,
Lk 8k81+p 21,k1, k>0 (2.13)
A
1 k=1
Vo= 1+ ij,k-l L k22
X1

L, WIREARN 1, p AERE T, B p=0.95; ¢ A%iHIRZEH
& :yk_Hkﬁ;_[hk (i;)_Hki;]:yk_hk(&;) (2.14)

HARE BT EEy R-RR2EREE. 2.5, X2.6). X (2.10)~2.14) 1
QMK T 5B HIE R e /R 2 8P I A2, VEANHE T FEAE LE A BB IAR DY,

2.3 T HENF/REIRRNEHSHAINDAENIR A 7%

2.3.1 SMNERAEN B FIE R TGS BOR

18 n BB 1 RGN 3 T RE
Mji+Cpn+Kp=f (2.15)
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K, M Naxn R, C Anxn BB, K Naxn MRIEER,
A1 Ay, i g R A RGN R A A I 8 ]
LANREOE CAE L, MRGHRETHITRER, 2RGREME
x=[p i 0], A O NFFRAMSEIYI B S, 245 NI EEFNBE 8 AR A,
0=k, ky,ookyycpsCyneec, ) o MUHT RG] EE LR ZS J7 R A0 5 72 7] 5
n n
=i |= M7 (f-Cpn—-Kp) [=g(x,7) 216
0 0
y =h(x,?)
Ak, Al e, 70 72 A T ) 5 0 H ) 70 3 4RI PR T8 BB NI BERERE . 4331
SRS 7 RN I 75 FRAE 2 A 2R Al R AR 2 A VA « ST R B EUR T,
A I B BIR Ay FEAE I (B [RU B Ar RS, RN R GL e s ) 45
X =g (X ) Wiy 2.17)
Y, =h, (x,)+v,
N BRI BT RR H  E S R R R 2R R 7 A AT AL v, i)
(1) 5738 43 A7 P AL AN [«
H—, K Runge-Kutta VE[ 1615 LR A 18] 588 s o 5 72,
X =g(&' 1) (2.18)
VU Runge-Kutta EEEUTT
X, =X, +JX:DA[ g(x,t)dt
Ax,=g| x(kAt), kAt]-At
Ax,=g[ x(kAt)+AX, /2, kAt+At/2]- At
Ax,=g[ x(kAt)+AX, /2, kAt+At/2]-At
Ax,=g[ x(kAt)+Ax;,  (k+1)Ar]-At
R, =%, +(Ax, +2Ax,+2Ax, +Ax, ) /6

(2.19)

Hoo, RO, R, T,

F,, = ero (2.20)

X,
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0s . %% |
ax1 ax2n+m
og : ‘. :
A, =22 -
{ax} Tlos, . Og, 22D
o 6X1 2n+m
L mx(2n+m) | .
oh, oh,
ah axl aXZer
Hf{—} = e (2.22)
6X X; =X,
< | h, oh,
L aX1 aX2n+m x, =x7

X, G EHBENEL mZ RS EANEL TR ER AN O b
THF B R,

2.3.2 SMNERAB AR RS RSS9 S 2 AN SN R IR 5
OB AR AR, A R GRS IR A5 77 LA LI 7 7 1] 5 ks

1 1l

c=[ji |=| M (f-C,i—-K,p) |=g(x,£,1

=i (f-Co—Kyn) |=g(x.1.) 223)
0 0

y=h(x,f,t)

O3 AR AS 7 FE AR 75 FEAE 2 AT R ML R IR 2 PR AN THE & s RHT R BB
JeTt, JFEHIS ARESDRAS T REAE RS [A]ATRG Ar B RS, FRIIN R GEME A ml 45
X, =g (X fin ) TW, (2.24)
Y =h (x.£)+v,
AN T ANER U RN EI DL, 24 Z5 S BOM AN R Y A RS, LI e 2 75 2
A5 P Jor 38 2 M 5«
y, =h, (xk,fk)+vk
=DM [f -Cyi—Kp]+v, (2.25)
=DM '[-C,n— K u|+DM'f +v,

B SR AR SN - BE A e R /R 238U (UL-AEKF) Y, AN[EZ AETH
TN PRI 2R FH A 8 e 3 1) i R oR 78 (RR(2.10)~(2.14) ) FH N ) H 3 B
PR I/R IR TTRRIN T PR

(1) PIghth: AR R REI 7 AR W7 25 BRI YIE .
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%) = E(x,)
P = E[(x, —%;)(x, —%;)"] (2.26)
f; = E(f,)
() B (WA 58 O k-1 AR A o, 7E5A k20 B
W B, R RGOS 7 TR e I 221 AR 25 1 B FBR 245 W 7 2 46 M AT T
B3] kI R HORA S B i ¢ A

X :g(fﬁ,f')

e (k+D)A (2.27)
X, =X, +LN g(x,f,t)dt

G #F 1] DK A Runge-Kutta 7 7H 5 JE 28 14 5 18] B8 il 5 #2
B k-1 I ZPIRZS AL THI B 7 ZE R R Dy pe s U ke I 2 SR AR A T R B ZE
N:
P, = A,F, P Fl +Q,, (2.28)
g, R BEENRE S, KETTERE ZFEAR(2.10)0~2.14).
(3) FEFr GEFHD: FIH N2 FENE S, RIS TR ZE RN 5
A, BERT kI ZI IR R B A T ZERE R, 192 k N R RPIRES JE S Ad T
K, =P H,(H,P,H, +R,)"
X, =X +K,[y, _h(&;vfkq) -D, (fk _fkfl )]

. o oa . (2.29)
fk = Ska R, (- HkKk) I:yk _h(xk—l ’fk—l) + Dkfk—l:l

P,: = (I - Kka )Pk_ (I - Kka )T + KkRsz

A, K, WIEBERAERE, X ONEHCREMTHE, OV R AN, p;
NIRRT 2580, s, SRR A SR b 7 Z R .

S, =[DZR;I(I_HkKk)Dk]_I (239
[ 0g . 0% ]
of, of,
ag} : :

_foe _ 231
. |:8f DONES i A A % % ( )
of, of,

L 0m><r B i =
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oh,  oh]
. o, of
D,{{-} | s (2.32)
of xp =% £ =f, oh oh
l oo l
L afl 6fr _xk=i;,f,{=fk71

b, n G EBEANEL mBAFRBINSEAE, T RIE RN E R
THMB R, r RIS O NS5 B D .

2.4 HEE

2.4.1 BEHERIEILIEE

AR —AN 2% B S5 R B0 IR AR SCHE H ) 45 K 2 O A U iR
BITENIA RE . %45 R EAeEAL U0 N B s

Kl 22 ZHHBESWBELREE
% B HEMIZ 87 #2 0] LUE s R I
Mji+Ci+Kp=f
A, M Noxn M RERHME, C NnxnFHEHERE, k Nnxn BTNIEREM, ¢
N XV AR BRI AT B, i~ FH 2300 < LB TR 8 R T S P RS A 1]
HEIRH T ML, SSHSEENT: m,_ =300kg» k,_.,=15000N/m A
¢, .=50N -s/m o JEMEE AR
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0 0 —k, k,+k; -k,
0 0 0 —ks ks |
30000 -15000 0 0 0 |
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¢, +¢c, —c, 0 0 0] 100 =50 0 0 0]
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|0 0 0 —~5 ¢ | |0 0 0 =50 100 |
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gE M AN AR B EL-Centro HiFE I 1) N-S 735, EHL 50s #H47 mEk, (]
[EI RGN 0.02s, % L5 K AN SRR B INIE LV N 0.2g=1.96m/s*> « TN EL-

Centro Hi 7= I 1) i is B B 2 HH 28 o
(2.33)
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=0 Mv WJNMW N
= ‘
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1.5 _ .
; 5 10 15 20 30 35 40 45 50

Hn‘ﬁﬂs(s)
F12.3 EI Centrodth 5 B s & I 2 i 2k
FIF Runge-Kutta 72115458 7E EL-Centro HbRE SR T s Jymi R, KAE
ARZR N S0Hz. 4 3 25 A6 R 10 i B2 meg S RDASr R i B, A R 7K = 3 R 7 R 1
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RIRSPEP AR A VLI E R E W R
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0 ARFE RN RERAAARR 22, e N AR R RERAME, R, NS
i SRFE RN R SEH . AN, AIRIERL, 2 0, & ZE A BRI R ESHUE N 0
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5 280x10° 4.12x10° 1.06x10° 1.65x10° 1.20x10°
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