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A Study of Vibration Analysis due to Structual Changes of Dynamic Structure
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Abstract

This paper presents the theoretical development and qualitative evafuation of a new concept in
the mathematical modeling of dynamic structures. We use both test data and analytical approxi-

mations to identify the parameters of an incomplete model. The model has the capability of

predicting the response of the points of interest on the structure over the frequency range of

interest and can be used to predict the changes in natural frequencies and normal modes due to

structural changes. The theory was tested by running simulated tests on a relatively simple

structure, identifying the parameters of the incomplete model, and using this model to predict the

effects on frequency and mode shapes of several mass and stiffness changes. The conditions of the

tests were varied by selecting different numbers of points of measurement, varying the frequency

range, and by including assumed measurement error. It is recommended that the theoretical

development be continued and that applications to more complex structures be carried out in

order to develop a better understanding of the limitations and capabilites of the method. A

successful, more definitive evaluation could lead to immediate practical applications.
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Fig. 1 Schematic representation of the simulated test
specimens
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Table 1 Approximate Mass Distributions

Specimen | Specimen [
Sta. True TestA Test True Test Test
(cm) Mass I I I W* B Mass A B
0.4 8.8 8.8
25.4 17.5 17.5
51. 17.5 52.5 43.8 43.8 17.5 43.8 17.5 52.5 52.5
76. 17.5 17.5 »
102. 17.5 26.3 26.3 22.8 175. 35. 17.5 26.3 26.3
127. 17.5 17.5 17.5 21.0 87.5 17.5 17.5 17.5
152. 17.5 17.5 17.5 17.5 17.5 35 17.5 17.5 17.5
178. 17.5 17.5 17.5 21.0 87.5 17.5 17.5 17.5
203. 17.5 26.3 26.3 22.8 175. 35 17.5 17.5 17.5
229. 17.5 17.5
254 17.5 52.5 43.8 43.8 35 43.8 17.5 52.5 52.5
279. 17.5 17.5
305.4 17.5 17.5
330 17.5 17.5
356 17.5 43.8 35 26.3 87.5 43.8 17.5 43.8 43.8
381 17.5 17.5 17.5 22.8 715 17.5 17.5 17.5
406 17.5 17.5 17.5 21.0 17.5 26.3 17.5 17.5 17.5
432. 8.75 8.75 8.75 8.75 175 8.75 8.75 8.75 8.75
I1@305 0. 17500 17500 0.
(W=0.01%)
1@432 0. 1750 1750 0.
(W=0.1%

ASupport
*W=1.0 expect for test 6 when it was used as shown and fot tests 18-20 when it was used to minimize the
dominance of the large magnitude of the inertias.
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Table 2 Description of simulated tests

No. of Mass
Test Specimen Test Resonances Approx.

No. (Fig.2) or Modes (Table I) Remarks*

1 | A 4R** [

2 [ A 4M I

3 1 A 3R I

4 | A 3M 1

5 1 A 3R I Variable mass
6 [ A 3R I Weighting fun.

(Table I)

7 [ A 3R I

8 1 A 3R ]

9 1 A 3R o Variable mass
10 1 A 3R m

11 I A 3R il 5% Bias and
12 i A 3R il +5% Random
13 I A 3R i Measurement
14 I A 3R I Error

15 I A 3R [

16 I B 3R

17 1 B 3R Variable mass
18 I A 4R Inertias

19 I A 3R weighted
20 I A 2R (Table 1)

21 il B 4R

22 1 B 3R

*Unless so indicated, total mass held constant, no weighting, and no errors assumed
**R indicates reasonant data used, M indicates actual mode shapes used
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Table 3 Identified masses
Test* Point of Measurement (Figure 1) Var
No. 1 2 3 4 5 6 7 8 9 10 11 RMS
Speciemen | (Figure 1)
AI* {525 2.3 175 17.5 17.5 26.3 525 43.8 175 17.5 3.8
1 49.0 28.0 21.0 193 21.0 29.8 45.5 40.3 15.3 16.3 13.0 | 3.930
2 43.8 3.0 21.0 14.0 19.3 38.5 36.8 43.8 19.3 13.7 16.1 | 7.660
3 50.8 26.3 19.3 21.0 21.0 26.3 50.8 40.3 13.5 16.1 13.3 | 2.763
4 50.8 26.3 19.3 21.0 21.0 26.3 50.8 40.3 135 16.1 13.1 | 2.734
5 50.8 26.3 21.0 21.0 21.0 28.0 50.8 42.0 14.2 16.6 13,5 | 2.738
6 47.3 263 223 19.3 223 26.3 50.8 42.0 17.0 17.5 11.6 | 2.870
Al* | 43.8 26.3 175 175 17.5 26.3 43.8 35.0 176 17.5 8.8
7 43.8 26.3 19.3 193 19.3 26.3 42.0 33.3 15.9 17.0 10.7 | 1.423
All* | 43.8 223 21.0 175 21.0 22.3 43.8 26.3 223 21.0 8.8
8 43.8 2.3 21.0 149 21.0 263 455 263 193 17.3 10.3 | 2.460
9 43.8 22,3 223 19.3 21.0 22.3 43.8 26.3 21.0 21.0 8.2 | 0.797
10 43.8 23.5 21.9 186 21.7 229 43.4 256 21.7 20.1 8.2 | 0.768
11 448 249 223 18.2 20.5 21.5 429 257 219 20.1 7.7 |1.135
12 446 242 21.9 177 20.7 22.1 43.6 263 22.6 20.3 7.5 | 0.828
13 43.9 24.2 22.3 191 21,9 22.8 42,7 252 21.0 19.4 8.4 | 1.197
14 4.1 242 22,3 191 21.7 22.8 42.7 252 21.0 19.8 9.1 | 1.171
15 45.0 249 222 175 200 21.4 43.2 263 22.6 205 7.7 | 1.102
B* 43.8 35.0 35.0 350 43.8 43.8 26.3 8.8
16 42.0 35.0 38.5 36.8 42.0 42.0 420 9.6
17 42.0 35.0 38.5 36.8 42.0 42.0 245 9.6
Specimen 1 (Figure 1)
A** | 525 263 175 175 17.5 26.3 52.5 438 175 17.5 8.8
18 42.0 28.0 245 21.0 15.6 245 61.3 455 17.5 12.4 14.0 | 5.348
19 52.5 26.3 19.3 19.3 19.3 28.0 52.5 42.0 158 17.2 11.7 | 1.574
20 52,5 26.3 17.5 175 175 26.3 52,5 43.8 175 17.5 8.9 | 0.030
B* 52.5 26.3 17.5 175 17.5 26,3 52.5 43.8 17.5 17.5 8.8
21 |127.8 —63.0 —14.0 71.8 47.3 —51.8 47.3 194.3 -—54.3 —33.3 31.5 |71.032
22 50.8 21.0 11.9 14.4 17.5 29.8 57.8 49.0 22.8 19.3 4.7 | 4.128

*Mass approximation used for tests following (see Table 1)
**Inerftias not tabulated. Identified intertias were virtually exact See Table 2 for Description of test.
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Table 4 Computed frequencies due to mass change

mode 1 2 3 4
f* 8.32 18.65 49.06 96.12
+A B A B A B A B
f** 6.05 3.82 15.46 14.77 48.37 47.06 79.53 78.81
1 6.03 4.09 15.67 14.85 48.46 47.31 84.65 85.17
2 6.33 4.12 15.69 14.85 48.49 47.31 83.81 84.43
3 6.29 4.08 15.69 14.87 48.52 47.48
4 6.29 4.08 15.68 14.87 48.55 47.48
5 6.33 4.12 15.71 14.88 48.53 47.48
6 6.32 4.11 15.70 14.88 48.50 47.41
7 6.19 3.97 15.60 14.84 48.50 47.43
8 6.20 3.99 15.62 14.82 48.44 47.28 83.43 84.22
9 6.21 3.99 15.62 14.84 48.48 47.37
10 6.21 3.99 15.62 14.84 48.48 47.37
11 6.23 3.83 15.51 14.96 48.47 47.46
12 6.10 3.89 15.81 14.69 48.48 47.46
13 6.26 4.03 15.54 14.73 48.46 47.42
14 6.25 4.05 15.76 14.99 48.49 47.35
15 6.12 3.91 15.71 15.00 48.45 47.29
16 6.17 3.95 15.59 14.84 48.53 47.50
17 6.18 3.95 15.60 14.84 48.53 47.50
f* 7.91 18.40 44.01 65.94
f** 5.91 3.78 14.92 14.58 44.00 40.23 60.33 62.72
18 6.14 4.02 15.15 14.68 44.00 40.40 61.42 62.82
19 6.19 4.01 15.15 14.69 44.00 40.69
20 6.06 3.94 15.07 14.72
21 5.01 2.92 14.30 14.37 43.99 40.36 63.46 64.48
22 5.88 3.73 14.91 14.56 43.99 40.01

*Frequency before changes, i.e. frequency tested.
**Exact frequency after changes.
+Addition of 175 kg at Sta 152 (“A”) or Sta 432 (“B”).
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Table 5(a) Computed frequencies due to stiffness change

mode 1 2 3 4
* 8.32 18.65 49.06 96.12
+K L K L K L K L
f** 9.34 11.25 19.32 21.23 49.07 49.20 96.26 96.49
1 9.20 10.97 19.21 20.80 49.07 49.9 96.22 96.39
2 9.19 10.93 19.29 20.76 49.18 96.22 96.40
3 9.21 11.00 19.22 20.84 49.19
4 9.21 11.00 19.22 20.85 49.19
5 9.19 10.96 19.21 20.78 49.18
6 9.20 10.97 19.21 20.80 49.19
7 9.27 11.13 19.26 21.03 49.07 49.20
8 9.26 11.13 19.26 21.03 49.07 49.20
9 9.26 11.10 19.26 20.99 49.07 49.20
10 9.26 11.11 19.26 20.99 49.07 49.20
11 9.24 11.34 19.28 21.13 49.21
12 9.34 11.16 19.23 21.25 49.22
13 9.22 11.02 19.26 21.02 49.20
14 9.24 11.08 19.21 20.80 49.20
15 9.32 11.26 19.25 20.99 49.22
16 9.28 11.14 19.27 21.05 49.07 49.20
17 9.28 11.14 19.27 21.05 49.07 49.19
f* 7.91 18.40 44.01 65.94
f** 8.86 10.80 19.11 20.66 44.01 44.41 66.03 66.15
18 8.73 10.53 19.00 20.29 44.01 44.36 66.02 66.12
19 8.75 10.57 19.01 20.34 44.01 44.37
20 8.78 10.68 19.05 20.51
21 9.47 11.89 19.75 22.77 44.01 44.82 66.01 66.11
12 8.89 10.87 19.14 20.77 44.01 44 .52

*Frequency before changes, i.e. frequency tested.
**+*Exact frequency after changes.
+Addition of 1.75x%10° N/m, spring to ground at Sta 152
(“K”) or Sta 432 (“L”). See Figure 4.
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Table 5(b) Computed frequencies due to stiffness change ‘M’

mode 1 2 3 4

* 8.32 18.65 49.06 96.12

f** 8.92 19.32 49.13 99.86
Test

No.

1 8.83 19.26 49.18 99.86

3 8.87 19.33 49.19

6 8.86 19.32 49.20

*Frequency before changes.

**Exact frequency after change M. See Figure 4.
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