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ABSTRACT

An improved method based on a normal frequency response function (FRF) is proposed to identify structural parameters
such as mass, stiffness and damping matrices directly from the FRFs of a linear mechanical system. The method for estimating
structural parameters directly from the measured FRFs of a structure is presented. This paper demonstrates that the
characteristic matrices are extracted more accurately by using a weighted equation and eliminating the matrix inverse
operation. The method is verified for a four degree-of-freedom lumped parameter system and an eight degree-of-freedom
finite element beam. Experimental verification is also performed for a free-free steel beam whose size and physical properties
are the same as those of the finite element beam. The results show that the structural parameters, especially the damping
matrix, can be estimated more accurately by the proposed method.
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Fig. 1 Four-degree-of-freedom lumped mass system
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Table 2. Comparison of identified structural parameters from FRFs with 10 % random noise.

Proposed method Previous method
Estimated matrix Error (%) Estimated matrix Error (%)
M (kg)
150.5 -0.0 -0.0 0.0 03 0 0 0 149.6 -04 08 02 0.2 0 0 0
01 1592 06 01 0 04 0 O 07 1538 08 35 0 38 0 0
00 -09 1292 02 0 0 05 0 0.7 78 1301 05 0 0 01 0

0.0 00 -02 1001 0 0 0 01 -0.3 4.1 1.75 99.5 0 00 0 0.1

K x10" (Ns/m)

100.3 -50.1 0.3 -0.0 03 02 O 0 99.8 -52.6 -1.3  -08 0.2 5.2 0 0
-50.0 1999 -150.2 0.5 01 01 01 O -49.3 1947 -1449 5.2 1.2 2.6 34 0
0.2 -1504 1995 -50.2 0 02 02 05 -0.3 -157.3 2022 -52.7 0 49 10 54
-0.0 03 -50.3 100.3 0 0 0.7 03 -0.3 43 452 99.7 0 0.0 9.5 0.3
D (N/m)
15.1 -9.9 0.0 -0.0 09 03 O 0 149 -8.5 0.7 -0.2 0.2 14.8 0 0
-10.1 14.9 -4.9 -0.0 04 07 02 O -15.8 14.1 25 -0.2 581 55 485 0
0.0 5.1 10.1 -5.0 0 19 10 01 5.7 -55 11.0 -5.6 0 116 104 126
0 -0 5.1 25.1 0 0 1.1 04 -1.2 -1.6 52 244 0 0 45 21
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Table 3. Comparison of estimated structural parameters from FRFs with 10 % random noise.
Proposed method Previous method
Estimated matrix Error (%) Estimated matrix Error (%)
M (kg)
0157 0099 -0.028 0015 08 16 11 57 0139 0183 -0.142 0033 122 814 3936 1232
0100 0513 -0.017 -0.029 10 19 162 06 0094 0546 0022 -0.037 63 44 2042 297
0031 0017 0511 0.100 90 165 23 09 0024 0059 0539 0102 157 1772 30 05
0014 0029 0098 0.158 09 24 23 05 0032 0123 0229 0137 1217 3277 1271 138
K x10° (Ns/m)
1207 -2.998 2058 -0.267 08 07 10 33 1121 2786 1343 -0.150 79 78 354 452
2971 9023 -8098 2054 16 18 18 12 2978 8986 -6.166 1711 14 22 252 177
2014 8051 8968 -2.983 31 24 24 12 1958 -7671 6945 -2.583 58 70 244 145
0267 2062 -2998 1218 29 08 07 01 0998 1781 -2.350 1.089 274 143 222 105
D (N/m)
1371 2926 2045 -265 03 01 02 20 1258 -2818 1955 -357 85 35 46 371
2906 9693 -8204 206.0 05 02 08 04 2925 9886 -8035 2126 01 17 28 36
2053 -83L.2 9718 -295.3 01 04 00 11 2082 -8186 977.7 -286.4 15 10 06 19
247 2024 -2879 1369 49 13 14 04 -164 1793 -2885 13738 %8 125 12 02

867



/gédoﬂ)ﬂ /\].%6& 10 /\ 74]_/,: E 94_ u]E P = } 133.33 mm I 133.33 mm } 133.33 mm }
747t 210x10° N/m?, 7800 kg/m3o|c}. o] FE g, * * %%
mas g A% mane vag g W v s
el A 44 WP FHoF B (guyantd) S |
°]&-3}¢] E]f_%ﬂf ol skttt Fig. 2. Finite element beam structure
0.159 0.101 -0.028 0.014
\—| 0101 0523 -0.021 -0.028 Tz vkl ghell wis) 1 A7) e Hon
| -0.028 -0.021 0523 0.101]' 2, oF5E gke] LATE el A oo v]E)
| 0014 -0.028 0.101 0.159 = 2 AljkE Wel ofsl ol SE A v
ehelEl o] A 1 eakgo] of 16 % MJE’—_ 1
(1217 -3022 2080 -0.275 grol 7152 W e e atel] Hls) wig wEs
(| 3022 913 8251 2080 oo dE At
2080 -8251 9193 -3.022
|-0.275 2080 -3.022 1217 33 A
ore] o] Adelx ¥ FE W3 22 AA
B mEe] g yES AR A Bdel v W F2ES ARgske] A¥e s W T
detes st on 1 g ths ) 2o ZEs AYEE AAS AR 21S FA8
D =K x0-0001+M x100 L= wEgow Fug SHstes 5457 9
RO AY me 7]E9 Wt Akd WS & ENDEVCO 2301-10 & Abgdto] FxES 7}
2 7% FeE S oSem, 7 k2 Table 3 W d9on, PCB 352022 @& TFEEAZS ALE
o Yetl et ate] 1 S-S WobEglth olw AMgE Fub

Table 3 oA K& wiel o], AQkd whHo= BA7]= LMS AFS] CADA-X $} testLab o]t} =
3}

A=E Tz FepiE s

= =Rl g ook 71

S B2 AIEE M A Fug SUse oA AuE no 4y
A detlE s ve 9 o] F94 Wt 1 Hz ~ 1000 Hz, #3lle

Table 4. Comparison of estimated structural parameters from measured FRFs.

Proposed method Previous method

Estimated matrix

Error (%) Estimated matrix Error (%)

0.189
0.109
-0.035
0.014

1.358
-3.197
2.158
-0.242

246
20.9
-22.6
-4.5

0.115 -0.039 0.015
0.548 -0.033 -0.035
-0.027 0523 0.104
0038 0105 0.177

2993 2014 -0.208
9244 -8404 2173
8217 9274 -3176
2077 -3122 13717

162 -258 -79
-2888 2739 619
2506 -1248 112
-53.2 92 104

M (kg)

193 139 383 37 0182 0.122 -0.040 0.008 148 205 395 399
78 48 546 215 0095 0515 0.023 -0.068 59 16 2083 1377
234 2717 00 29 -0.020 -0.026 0503 0.119 218 225 39 181
38 318 45 116 0022 -0045 0114 0.177 511 560 129 118

K x10° (Ns/m)

116 09 31 243 1301 -2705 1822 -0.157 69 105 125 429
52 05 18 44 -3511 8559 -7.015 1372 161 68 149 340
37 04 08 50 2501 -8.086 8439 -2.666 202 20 82 117

119 01 33 131 0159 1807 -2.769 1.268 422 131 83 42

D x10° (N/m)

138 416 -315 7.0
39.0 -2055 1363 -187
-55.7 2083 883 9.6
65 -731 388 342
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