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DETECTION OF DYNAMIC PROPERTIES OF STRUC-
TURAL SYSTEMS BY THE AUTOREGRESSIVE
MOVING AVERAGE METHOD

By Kenzo Toxi, Tadanobu Sato and Yasuhide O1xi

Synopsis

This paper is concerned with the detection of natural periods and damping factors from uniformly
sampled data of the response of a linear structural system subjected to stationary random excitation.
The analitical procedure is based on the least-square method (LS) for synthesizing the discrete time
series. The discrete time series of uniformly spased samples from the output of a linear differential
equation excited by the stationaly white noise is represented as an autoregressive moving average
time series (AR-MA). And the parameters of the AR-MA model is computed by a tow stage
least-square method (28LS). In the first LS stage, the autoregressive parameters are estimated from
the sequence of data by solving the Yule-Walker equation and by using the concept of maximum
entoropy proposed by Burg. Numerical examinations show that the computational expense for the
estimation of structural properties by the former method is much more than the latter method.
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Fig. 5. Comparison of damping coeflicients obtained by Yule-Walker and Burg method.
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WHIBADADTHY, HEM21303-3Hz OV b R7 4 E—%BLEF—2 180T 230THS. #
EE2TH1IRE- FRAST2MEEILEDBHEEINLY, 2KRE— FORBEEROMTMESREBED
2EBEITE - Tndo 3612, 15-3Hz DY FRR7 42 —%#BLTcF—2 2AVW1HARE LTH
DT T->cOBEEMI TH A, HEM4R Bug BRI > TEDTF -2 o HELLIDTH D,
Burg & AHEFHERIBENOBHRENE LSL, 1HNEROBEIVESKEDTEL LHHS
»TH2b, Table2 (3 Burg HiTdk - T5 HHEROMENOHM N7 £ — 2 LHE LB TH D, Y1 a
Vv a VITACRBENOERE S CIEIE~ P ) v 7 212 Table 2 D TERIZREN TS, BEHODH
HENE AL E 1 DOHEDIEET — 2 K02 TOE~ FRHET 297 A -2 k€T HT L
RBREEZ 5%, BUESVYFRX7 4002 ~2AN, ZZEZEBLTF -2 %L LAOBITFEEER
ThED ) ORETHRMGHETE L EHRING, HEMELIZE L HSOMEEIT DN TD 20000
BOF —2 xBEEHREE L7230 TH b, HEM2130525Hz Oy Fr¥R7 4 02— %l LTcERD
5, HEM3IIZ20~40Hz DRV FRR7 42— % @B LBERPS3HUERELTRIFLZIDOTSH
%,

Table 2. Estimated dynamic parameters of five degree of freedom system.

Ist mode 2nd mode 3rd mode 4th mode | 5th mode
Sioomo | S n2 | f3 8 | fa | ma ‘
(Hz) | (%) | (Hz) | (%) | (Hz) | (%) (Hl)l (%) HZ). 7%

50 [2.122) 5.0 {2.891| 5.0 |3.841] 5.0
220 — | — |2.874| 89 |3.807| 12.3 {8528 31.0
2912304 40 | — | — | — | —

“Exact value | 0.760| 5.0 | 1.401
Estimation 1 | 0.859 | 10.4 | 1.971
Estimation 2 | 0.742| 4.3 | 1.486

Estimation 3 | — — — . — [2091| 63 [2.981| 52 |3.765| 3.6
59.49 0 8380 —4048
16.32 —4048 6612 —2564
M= 13.02 K= —2564 4084 —1520
0 10.85 —1520 2276  —7560
6.25 —756 756
6 & v U

FRXTREL LTHEDOEERBEHI L2 L1, ZTOREEHRLHRBEERLHET 2 -DOFEL
DNTERYMAT. BIFFEOBTR, KXBREOBRFLZECAVCORT VIRV EERRFIOBRLH
WT, BEROEEDOTUEITIETHY, PHOF#EE LT Yule-Walker FERE A5 Fik& Burg
REBBRT Ve e—-BEEACVLIHA0 2B OB £IT- ¢, MEORKRELLERI L. TOHER,
BECLLAFPHEDIDLI YV RHEMEEL L L WO L. AR TRBEMERCARYES
DOMEERANTIHECORDOEEXHERIZED Y2~ L, TOHERYBAMELTRALTEY,
KBOBRMELY 7)Y LD TR A o Licdo T, ERMBIA LOLS ITASI ORI HEE
ThEWERINCE L, FEFEREOBEOHAK LR >PROVWTIBSEORBELE L TRIN &5,
WRHALOX ) KEERAANEZ I AHMEYOISEBNT -2 T LB LA PR TERTELI IR EN
H, BEBEOBNFT -2 tHwI LITE D RE ZARBREIHE L BEFESMETEZ2EI1T%2 %
DEEZONDLY, COLDIREEHBRRIOBABERINETINEAOEV, 5K, FEBFHEE
HTLHEBANT HBERE, RBHOREELH o UDHEET D, BB LIEEORBENT — 2050
EHEY - HBROBHHEEARRET BEERPERRAEDOHE I IRICZZEELONLY, Thids
BIZBINREETH L,
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