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Nonproportional viscous damping matrix identification using frequency response functions
Cheon-Hong Min® - Hyung-Woo Kim’
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Abstract: Accurate identification of damping matrix in structures is very important for predicting vibration responses and estimating
parameters or other characteristics affected by energy dissipation. In this paper, damping matrix identification method that use normal
frequency response functions, which were estimated from complex frequency response functions, is proposed. The complex frequency
response functions were obtained from the experimental data of the structure. The nonproportional damping matrix was identified
through the proposed method. Two numerical examples (lumped-mass model and cantilever beam model) were considered to verify
the performance of the proposed method. As a result, the damping matrix of the nonproportional system was accurately identified.
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Flgure 1: 3-DOF nonproportional viscous damping system
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Table 1: System matrices of 3-DOF nonproportional viscous
damping system
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Table 2: Estimated damping matrix from FRFs without noise
and absolute error
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Figure 2: Overlay plot of simulated experimental FRF;; and
identified FRFy;
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Figure 3: Overlay plot of simulated experimental FRF,3; and

identified FRF,3
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Element number ‘ Node number ‘

12’15-3'-'891111121*14]:61"31“2?1

iElIEZ EJIN ES Ebl[ lEolEf‘lE]J Ell ElxlE: ElﬂlFIEIE]:|EJ ]EIES ExD O

Figure 4: Finite element model of a cantilever beam

Table 3: Properties of a FE model

Beam Property Value
Modulus of elasticity, F 2 x 10" N/m?®
Mass density, p 7850 kq/m’
Length, [ 1m
Diameter, d 0.024 m
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Table 4: Nonproportional damping matrix of numerical model

Damping matrix
52.39|-37.45| 2.15 | -3.68 | 0.07 | 0.09 | -0.28 | 0.45 |-0.48 | 0.14
-37.45149.36 |-36.09| 7.65 | -2.91| 0.00 | 0.40 | -0.93 | 0.54 | -0.20
2.15 |-36.09/42.58 |-35.12/10.70 | -2.78 | 0.01 | 0.38 | -0.55| 0.05
-3.68 | 7.65 |-35.12| 2.32 |-3.66 [13.02|-2.56 | -0.01 | 0.72 |-0.01
0.07 |-2.91 |110.70 | -3.66 | 9.38 |-18.42| 7.02 | -2.28 | 0.07 | 0.16
0.09 | 0.00 |-2.78 | 13.02 |-18.42|24.96 |-35.90| 5.23 | -1.93 | 0.08
-0.28 | 0.40 | 0.01 |-2.56 | 7.02 |-35.90({27.17|-5.07 | 2.10 | -0.58
0.45 |-0.93 | 0.38 | -0.01 | -2.28 | 5.23 | -5.07 | 12.02 |-19.88| 4.14
-0.48 | 0.54 |-0.55| 0.72 | 0.07 [-1.93 | 2.10 [-19.88|12.69 | -6.97
0.14 |-0.20 | 0.05 |-0.01 | 0.16 | 0.08 | -0.58 | 4.14 | -6.97 | 1.82
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Figure 5: Overlay plot of simulated experimental FRF;; and
identified FRFy;, Case 1
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Figure 6: Overlay plot of simulated experimental FRF;; and
identified FRFy;, Case 2
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Figure 7: Overlay plot of simulated experimental FRF;; and
identified FRF;;, Case 3
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Table 5: Identified nonproportional damping matrix, Case 3

Damping matrix
54.69|37.15|10.76 |-85.16| 5.01 |67.10(-37.01|-47.56| -9.83 | -4.88
-49.45|-45.36|-40.51|111.82| -9.86 |-78.92|49.50 | 51.23 | 14.56 | 11.58
23.05159.99130.62|-103.6/31.71 | 69.59 |-44.21|-51.82{-10.28|-17.18
-24.50(-61.78|-32.09| 89.66 |-54.94|-66.57| 41.09 | 40.35 | 7.80 |14.44
4.38 |74.66|27.51|-71.92|60.38 | 40.42 |-39.97|-24.99| -4.69 |-11.68
-2.57 |-60.64/-25.39| 24.88 |-56.84(-21.53| 0.72 {29.61 | -6.83 | 14.68
0.90 [46.17|28.64|-7.66 |50.17|-17.23| -5.36 | -3.71 | -3.35 | -9.54

-1.38 |-36.65|-27.87|-10.93|-34.96| 6.24 | 8.80 |-16.97|-19.35|13.36

3.88 |17.75(24.41| 4.68 |27.59|-17.14| 12.48 |-36.01| 7.65 |-17.65

1.67 |-7.35|-7.81|-3.18 | -3.67 | -0.45| 9.60 | -6.25 | -4.11 | 1.96
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