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Abstract: Based on the modal space time-domain precise integration, a dynamic parameter identification meth-
od was proposed. Firstly, an identification model was constructed based on the time-domain measurement sig-
nals and the theoretical prediction model with the time-domain precise integration method in the modal space.

Secondly, the quadratic function of the unconstrained vector was derived through the Kronecker product of ma-
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trices, and the mathematical expressions of the mode shapes were analyzed and given. Finally, through mathe-
matical transformations of the identification optimization problem, only the dynamics spectrum parameters
(frequencies and damping ratios) need be identified, to greatly reduce the dimensionality of the identification
parameters. In numerical examples, the dynamic parameter identification for the spring-mass system and the
high-speed pantograph system were studied. The identified natural frequencies and damping ratios have errors
less than 8% compared to the theoretical values. The cosine of the angle between the identified and the theoreti-
cal mode shapes is close to 1, which verifies the accuracy of the identification results. The proposed method
can effectively achieve the separation of dynamic spectral parameters ( frequencies, damping ratios) and spatial

parameters ( modal shapes), and has better solving efficiency and application prospects.

Key words: dynamic parameter identification; time-domain precise integration method; least squares method;

free vibration characteristic; dynamics optimization
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Table 1 Identification results of dynamic parameters of the spring-mass system

parameter mode 1 mode 2 mode 3
identification 3.854 6.236 7.339
f/Hz
theory 3.854 6.238 7.340
identification 1.00 1.02 1.03
(/%
theory 1.00 1.00 1.00
identification 1.65 0.54 0.75
Y
theory 1.65 0.50 0.70
Cyac 1.000 0 0.999 7 0.999 0
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Table 2 Dynamic spectral parameter identification results under different measurement noise levels

measurement noise mode 1 mode 2 mode 3
level /% f/Hz L /% f/Hz { /% f/Hz L /%
5 3.854 1.00 6.238 1.01 7.340 1.01
10 3.854 1.00 6.237 1.02 7.340 1.02
15 3.854 1.00 6.236 1.02 7.339 1.03
20 3.854 1.01 6.236 1.03 7.339 1.05
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Table 3 Comparison of results of spectral parameters coupled and decoupled with spatial parameters

mode 1 mode 2 mode 3 optimisation
f/Hz £ /% y f/H L/% y f/Hz £ /% y time /s
decoupled  3.854 1.00 1.65 6.237 1.02 0.52 7.340 1.02 0.73 22.40
coupled 3.854 1.00 1.65 6.237 1.02 0.52 7.340 1.02 0.73 121.84
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Table 4 Identification results of dynamic parameters of the high-speed pantograph

parameter mode 1 mode 2 mode 3 mode 4 mode 5 mode 6
#/Hz identification 9.029 12.459 13.753 50.450 52.220 121.552
theory 9.035 12.472 13.764 50.585 52.376 123.320

identification 1.23 1.08 1.05 1.10 0.90 1.10

¢/ theory 1.00 1.00 1.00 1.00 1.00 1.00

y /107 identification 2.33 1.71 2.35 3.87 1.28 6.43
Cuac 0.997 4 0.998 1 0.999 6 0.999 9 0.995 5 0.999 7
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Identification results of mode shapes of the pantograph strip
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Table 5 Identification results of dynamic parameters of the high-speed pantograph modal test

parameter mode 1 mode 2 mode 3 mode 4 mode 5

proposed f/Hz 10.2 12.50 48.8 133.6 219.4
methodology (/% 0.46 0.36 3.95 2.711 1.84
ref. [17] f/Hz 10.0 12.50 48.4 128.5 213.0

i3 5 T LA (IR S0y VR o 0 A 3R SR AR — B, L FUR A — W A %
70, 55 T A 50 SRR e AR 2B 1L 3.979% , % He 25 S22 I AR 5 5 9 T AR M 90 R S B 2
FIRE 12 B8 AR SO A 4 T WELR FE RO BRI | o TSR [ 17 ) 0T T TR, sk PR A
JEHFRAT FL AN S5 3.2.1 /N1 2 vl 25 301 13 2 RSB 0 2LE5 R (3 4) 8, JL Sk B 25 1 (3%
5) HAGE A8 KA T, th TR TR AR BA M D BB 12 B 5 52 7 4 A L
iz,

4 4k 2o

AR SCE 3 s 3 A5 5 i e eI AEEL S T o 7 R S o 0 e 5 =2 1] ) 3% 2 0k A1 Ak SR St o g 2
SR, G T ALK e N pR BT SR AR 25 A, T3 R TORS A0 AR R RS R R M RS B ALY
B 5 RS ARG AERE A R S o RO R (S BT TN TS B Ak B bR R 8, 23 0] B340
IS S ERNTIT RS, S TS S 5 25 [0 S50 .
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