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Abstract In order to simplify the dual parameter identification calculation of the dynamic system of the
beam on Winkler Foundation, a new dimensionless method is proposed. The time and space coordinates
of the system are linearly transformed to realize the complete normalization of the coefficients of the dy-
namic equation. The generalized frequency equation decoupled from the system parameters is obtained. It
is found that the frequency and frequency ratio are only determined by the dimensionless span. Based on
this discovery, a dual parameter identification algorithm based on the reciprocal relationship of frequency
ratios is proposed. This algorithm can obtain the resolvent set of frequency and frequency ratio with re-
spect to the dimensionless span under the corresponding boundary conditions by solving the generalized
frequency equation once. After obtaining any two order measured frequencies of the system, the dual
system parameters can be determined by relying on the linear transformation relationship established by
the time and space reduction coefficients. Compared with the traditional two parameter identification al-

gorithm, this algorithm has two characteristics: (1) The identification calculation only involves the solu-
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tion and linear transformation of the univariate transcendental equation, which avoids the nonlinear itera-
tion problem of the two parameter transcendental equation set in the traditional method, and can effec-
tively simplify the identification calculation.(2) The change of any system parameter value only affects
the size of the time and space reduction coefficients. Therefore, the resolvent set has generality applicable
to any change of system parameter value, which can effectively avoid the repeated iterative solution

caused by the change of system parameter value in traditional methods, and realize the generalization of

the solution.
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Table 2 System Parameters

System ET m/ 7/ k/

number (N-m?) (kgm 1) (m) (kgm~?)
1 6.25E+07 2.40E+02 6.00 1.00E+407
2 1.00E+00 1.00E+00 1.00 1.00E+00

®3 HEMEWNERES 1

Table 3 Computational frequency comparison system 1

F4 HEMEWNERRS 2

Table 4 Computational frequency comparison system 2

Boundary condition

cal
7

@ Fixed-Free Fixed-Fixed
(rad's™1)

Ref.[12] Ref.[14] Current Ref.[15] Current
@ 5! 3.655 3.655 3.655 22.396 22.396
@$! 22.057 22.057 22.057 61.681 61.681
w§" 61.705 61.705 61.705 120.908  120.908
! — 120.906  120.906 199.862 199.862
@& - 199.862 199.862 298.557 298.557
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AKX AT RRWT .
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Boundary condition Table 5 Simulated measured frequency
(rj.;‘:f” Simply supported at both ends Fixed-Fixed e Noise level &
Ref.[11] FEM Current FEM Current (rads™") 0.1% 0.5% 1% 2% 5%
w 247.470  247.543  247.467 377.275 377.160 w §¥P 377.183 377.324 377.162 379.103 380.320
w$! 595.680 595.866 595.684  898.019 897.744 w§*P 897.859 897.265 899.255 897.437 886.255
5! 1275.600 1275.969 1275.579 1726.482 1725.954 w§  1726.290 1726.487 1731.019 1720.160 1737.528
w §! 2247.700 2248.447 2247.759 2841.278 2840.409 wiP  2840.496 2839.857 2836.602 2840.097 2842.284
w ! 3503.500 3504.634 3503.563 4238.325 4237.030 W& 4237.009 4237.697 4222.580 4240.426 4267.442
w§! 5040.700 5042.234 5040.696 5916.291 5914.488 w§  5914.589 5917.189 5911.860 5966.990 5915.135
%! 6858.300 6860.446 6858.358 7874.666 7872.274 w5 7872.863 7864.332 7851.950 7834.941 7970.181

w§! - — — 10113.218 10110.160
w ! — — — 12631.823 12628.030
wfl — — — 15430.410 15425.820

w§® 10110.215 10110.488 10127.235 10119.471 10040.602
w§P  12628.876 12634.238 12682.759 12677.809 12672.182

wf¥ 15426.832 15425.915 15438.327 15487.468 15426.555
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Table 6 Frequency ratio combination

2 - 3 4 5 6 7 8 9 10
3 — — 4 5 6 7 8 9 10
4 - - — 5 6 7 8 9 10
5 - - - - 6 7 8 9 10
6 — — - - - 7 8 9 10
7 - - — — — - 8 9 10
8 - - - - - - - 9 10
9 — - - - - - — — 10
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Table 7 Relative error of parameter identification

Relative error (%)
Noise level &

|E,.(ET) | |E. (&) |
0.1% 0.01 0.03
0.5% 0.08 0.33
1.0% 0.44 1.06
2.0% 0.64 3.26
5.0% 1.21 5.47
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