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Abstract

This work presents an approach that accurately identifies instantaneous modal parameters
of a structure using time-varying autoregressive with exogenous input (TVARX) model. By
developing the equivalent relations between the equation of motion of a time-varying
structural system and the TVARX model, this work proves that instantanecous modal
parameters of a time-varying system can be directly estimated from the TVARX model
coefficients established from displacement responses. A moving least-squares technique
incorporating polynomial basis functions is adopted to approximate the coefficient functions
of the TVARX model. The coefficient functions of the TVARX model are represented by
polynomials having time-dependent coefficients, instead of constant coefficients as in
traditional basis function expansion approaches, so that only low orders of polynomial basis
functions are needed. Numerical studies are carried out to investigate the effects of
parameters in the proposed approach on accurately determining instantaneous modal
parameters. Numerical analyses also demonstrate that the proposed approach is superior to
some published techniques (i.e., recursive technique with a forgetting factor, traditional basis
function expansion approach, and weighted basis function expansion approach) in accurately
estimating instantaneous modal parameters of a structure. Finally, the proposed approach is
applied to process measured data for a frame specimen subjected to a series of base
excitations in shaking table tests. The specimen was damaged during testing. The identified

instantaneous modal parameters are consistent with observed physical phenomena.

Key words: time varying linear system, moving least squares, TVARX , system identification,

instantaneous modal parameters
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* 3% o] T 3 A (recursive least squares approach, Ljung, 1987))% v i A& & & #ic/2

( Weighted Basis Function approach, WBF, Niedzwiecki, 2000 )
TR-HEpd AERER S 250
i(1)+28()o, (0)i(1)+ @, () x(£) = =a, (1) (4.1)
2O e B A L PR R MR A T
Case 1 : T &gi ki
, ()= 27[[1 5-0. SSm(Z—tj] () = 4+2sm(2—tj 4.2)
60 60
Case2 : iFHp v kst
o, ()= 27[(1 .0-0.5 sin(?—gtn ; S(6)=5+25 sin[?—;Z t] J 4.3)

Case3 : Bl % iv x5t

0 I 0<¢t<15 1) 5 0<¢<15 4.)
[0} = = ’ .
! 0.5 15<¢<30 7.5 15<¢<30

Case 4 : F7& %14 k5.
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— # 77 & (one-step ahead prediction )
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# 2.1 CC2430/31 R Rt gt %

Parameter Condition
. Min Typ ™ Max Units
Analog and digital Vdd 3.0 3.6 \
Current consumption Active mode 5 6.3 mA
Power down mode 0.1 mA
Measurement range Measurement axis (Y) -1 1 g
-90 +90 N
Operating temperature -40 125 °c
Total offset error ® Temperature range -40 ... +125 °C -70 +70 mg
Offset stability © Temperature range -40 . +125 °C 25 25 mg
-1.5 1.5 @
Offset calibration error ! @25°C +20 mg
+1.1 °
Offset temperature drift Temperature range -40 ... +125 °C 30" mg
Sensitivity 16 bit output 32 000 Count/g
between +3° 0.00179 “/Count
Total sensitivity error Temperature range -40 ... +125 °C -4 4 % FS
Sensitivity calibration error @25 °C 15°C +1.4 % FS
Sensitivity temperature drift Temperature range -40 ... +125 °C 0.9 % FS
Linearity error +1g ... -1g range -20 20 mg
Cross-Axis sensitivity 12 +3.5 %
Zero acceleration output 2-complement 0 Counts
Amplitude response -3dB frequency 6.25 Hz
Noise 0.15 mg RMS
Power on setup time 0.3 s
Output data rate 125 Hz
Output load 50 pF
SPI clock rate 8 MHz
ESD protection Human Body Model 2 kV
Charge Device Model 1 kV
Moisture sensitivity level IPC/JEDEC J-STD-020C, Level 3
Mechanical shock 20 000 g
ID register value Customer readable ID register (27hex) 0A
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# 22 SPCS51 %4 5

A5 SPC51

#E 3 e 16

A/D # 3 16bit
B TR +10V

PR ¥ 21 54(10,20,50,100,200,500,1000Hz)
2z 4 2 % (Gain) 1~2-10~ 100

23 PRl =2 R RN
%k B 0.1Hz & 1Hz

M gk B %xﬁ\f,ﬁ%ﬁfﬁ

SEE R ¥ 33N (B % 99999999 EL/HF i )

e fh 4 A 9.34G

# 23 #F RRR

A5 VSEI5D
o 0.1~70Hz
Rl R +10cm/sec(kine)
‘AR 1V/kine & 10V/kine
B gl R +10V
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Start

v

/ Input measure responses y(t) and input force f(t) /

\4

Choose basis function (polynomial or Haar
wavelet packet) and control parameters: number
of basis (N ,or M,), support length of weight

function (d,, ) and number of nodal points(/, )

<
<«

v

Construct shape function (@ i (.6 o (¢)) for
time varying coefficients (®, (t),G)j (t)) viaa

moving least squares approach

v

\ Choose order of TVARX model /

<
<

Choose other control
parameters

\ 4

Estimate coefficient matrices through a least squares

approach

v

Estimate instantaneous modal parameters

from the true value and shape function

Increase order of TVARX

Are the identified

results convergent?

End
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