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An Improved Identification Method for Joint Parameters in Structures
with Incomplete Modal Parameters

Seong-Wook Hong

ABSTRACT

The present paper improves the direct identification scheme based upon the equation error formulation with incomplete
modal data. First, an indirect estimation technique is considered for estimating unmeasured elements of latent vectors by
the combined use of a model and measured incomplete eigen vectors. It is used for estimating the other elements of eigen
vectors, which are essential for identification but not available. Next, an index is introduced here to indicate the quality of
estimation with respect to the mode and the measured positions. A sensitivity formula for eigenvalues with respect to the
unknown joint coefficient is also derived to select the modes appropriate for identification. An identification strategy is
suggested to meet with practical problems with the help of the index and sensitivity formula. The index and the sensitivity
are proved to be useful for selecting measurement positions and modes appropriate for identification. A comprehensive
simulation study is performed to test the proposed method.
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Fig. 1 Percent error for the identified stiffness coefficients
with changing numbers of measurements and modes in the
conventional method
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Table 1. Index factor /" for the response at the first
spring with different combinations of measurement
positions among available measurement positions

Measured Mode Mode Mode Mode Mode
positions 1 2 3 4 5
1,4,9,13 1.2886 | 1.5479 | 1.7678 | 1.7304 | 1.2147
1,4,13 1.6792 1.7198 1.9375 | 2.7305 1.5625
1,3 1.5703 | 0.4095 | 0.0006 | 2.2142 | 4.3897
1,9,13 1.3949 | 0.5377 | 0.1702 | 0.4218 1.6198
1,9 1.3117 | 0.8851 0.3033 1.0806 | 0.2539
4,13 0.7837 | 0.2268 | 0.2054 | 1.1333 | 0.4489
49,13 0.5265 | 0.1948 | 0.0508 | 1.2327 | 0.3425

Table 2. Index factors /" for the response at the second
spring with different combinations of measurement
positions among available measurement positions

Measured Mode Mode Mode Mode Mode
positions 1 2 3 4 s
1,4,9,13 1.0769 1.2758 | 1.3581 | 0.7882 | 1.2235
1,4,13 0.5206 1.2766 1.1469 | 2.2198 | 1.4179
1,3 7.4132 | 0.2416 | 0.0007 { 57119 | 5.8449
1,9,13 0.8159 | 0.5935 0.3675 | 0.4869 | 0.6677
1,9 5.0031 0.5684 | 0.4054 | 3.3029 | 0.3318
4,13 3.6979 | 0.4754 | 3.0081 1.3371 | 0.6125
49,13 0.9559 | 0.7329 | 0.5753 | 0.6452 | 0.7888
Table 3. Measured eigen vectors

Mode Node 1 Node 4 Node 9 Node 13

1 0.1049 -0.1466 0.5650 2.4415
o711 | (0.0986) | (0.5469) | (2.4535)

2 1.8301 -0.6997 -0.8069 0.6163
(1.7969) (-0.7000) | (-0.8279) | (0.6235)

3 -2.7271 0.7957 -0.3937 0.3260
(-27075) | (-07646) | (03631) | (0.3078)

4 0.7528 -1.0458 1.3345 -2.0084
(0.7725) (-1.0500) (1.3694) | (-2.0281)

5 -1.5212 1.3410 0.1689 -1.6820
(-1.5090) (1.3050) (0.1336) (-1.6913)

*The values in the parenthesis are ideal without noise
contamination.
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Table 4. Estimated latent vectors at the first spring

positions | Mode 1 Mode 2 Mode 3 Mode 4 | Mode 5
-0.04535 | 0.01768 | -1.13381 | -0.5822 1.0805

1,49,13 | -0.0802 0.0235 -1.1556 -0.5760 1.1204
1,4,13 -0.0697 0.0255 -1.1564 | -0.5822 1.1113
1,13 -0.0179 0.0455 -1.8173 -0.5824 | 1.0814

Table 5. Estimated latent vectors at the second spring

positions | Mode 1 Mode 2 Mode 3 Mode 4 | Mode 5
0.2188 -1.0804 -0.4402 0.8555 -0.9368

1,4,9,13 0.2245 -1.0638 | -0.4752 0.8224 | -0.9221
1,4,13 0.1379 -1.0810 | -0.4696 0.8440 | -0.9689
1,13 0.2300 -1.0625 -1.0306 0.8439 -0.9375

Table 6 Identified stiffness coefficients of the 1st spring

positions Stiffness, 10°N/m (0.6 x 10°N/m)
mode 1 Mode 2 mode 3 mode4 | Mode 5
1,49,13 0.2887 0.6367 0.6004 0.6178 0.6406
1,4,13 0.4038 0.5597 0.5999+ 0.6076 0.6322
1,13 1.4713 0.4233 0.5517 0.6077 0.5852

* The value in the parenthesis is actual coefficient.

Table 7 Identified stiffness coefficients of the 2nd spring

positions Stiffness, 10°N/m (0.3 x 10°N/m)
mode 1 Mode 2 mode 3 mode 4 | mode 5
1,4,9,13 0.2712 0.3011 03154 0.2797 | 0.2631
1,4,13 0.4561 0.3020+ 03113 0.2966 0.3407
1,13 0.2860 0.3001 0.5193 0.2964 0.3196

* The value in the parenthesis is actual coefficient.
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