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Abstract

An assumption in the experimental modal analysis of general structures is that input and
output measurements be provided. Sometimes, however, the input excitation force cannot be
measured accurately while the structure is being excited, or it is almost impossible to excite
the structure with manmade exciting forces. In these cases, the data available for the dynamic
analysis is the output measurements only.

This paper discusses the method of modal analysis based upon output measurements only.
The method is applied to the analysis of an engine lathe, First, the lathe is excited by an
exciter while it is not running and the modal parameters are obtained in two ways: (i) based
upon output measurements only and (ii) using frequency response functions from inputs and
outputs. The applicability and the limitations of the method using output measurements only
are discussed. Secondly, the method is applied to the analysis of vibration signals measured

while the machine is cutting,
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in excitation test of lathe
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Table 2 Data sheet for decision of natural frequency at 135. 9375Hz. (5th Mode)

POS. 1 | 2 | 3 4 5
PHA. 107.3 122.7 153.0 167.3 —177.4
COH. 0. 959 0. 924 0. 926 0. 961 0. 765
AMP. 0.10E-16 0.87E-17 0.77E-17 0.11E-16 0.28E-17
PEAK No No Yes Yes No
POS. 6 7 8 9 10
PHA. -7.8 24.9 15.3 —28.4 —139.8
COH., 0. 840 0. 983 0. 970 0. 869 0. 688
AMP, 0.38E-17 0.12E-16 0.76 E-17 0.34E-17 0.26E-17
PEAK Yes Yes Yes Yes No
POS. | 11 12 13 14 ' 15
PHA. 146.5 164.2 172. 1 162. 6 166. 3
COH. 0.973 0.972 0.974 0. 989 0.993
AMP, 0.11E-16 0.12E-16 0.10E-16 0.29E-16 0.24E-16
PEAK Yes No No No Yes
POS. 16 17 18 19 20
PHA. 175. 3 158. 8 163.0 167.4 —22.0
COH. 0.991 0. 968 0. 980 0. 975 0.977
AMP. 0.30E-16 0.23E-16 0.26E-16 0.22E-16 0.14E-16
PEAK Yes No No No No
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Table 3 Data sheet for decision of natural frequency at 70.3125Hz. (Discarded)

POS. 1 2 3 4 5
PHA. —1.3 11.5 14,1 —12.4 8.2
COH. 0. 403 0. 362 0.519 0. 168 0.264
AMP. 0.49E-17 0.53E-17 0.33E-17 0.16E-17 0.16E-17
PEAK Yes Yes Yes No Yes
POS. 6 7 8 9 10
PHA. 6.5 10.9 52 0.9 7.4
COH. 0.431 0. 300 0.513 0. 456 0. 425
AMP. 0.34E-17 0.41E-17 0.50E-17 0.42E-17 0.26E-17
PEAK Yes No No Yes No
POS. 11 } 12 13 14 15
PHA. 18.4 16.4 13.8 155.5 —177.5
COH. 0.378 0.233 0. 369 0.155 0. 355
AMP. 0.30E-17 0.14E-17 0.18E-17 0.19E-17 |} 0.36E-17
PEAK Yes Yes No No ) Yes
POS. 16 17 18 19 20
PHA. 167. 8 16.3 7.8 22.9 1.2
COH. 0. 310 0.530 0.374 0. 485 0.298
AMP. 0.30E-17 0.62E-17 0.46E-17 0.44E-17 0.27E-17
PEAK No No No No No
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Table 4 Natural frequencies & damping ratios
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Ambient vibration survey Curve-Fitting
M| Untameet sl g v | Vgt sl g ra | T
Ist 20. 3125 0. 057~0. 057 20,5532 0. 056 1.2
2nd 39. 0625 0. 019~0. 029 38. 3288 0. 026 1.9
3rd 79. 6875 0. 018~0. 058 74. 9070 0. 049 6.4
4th 106. 2500 0. 019~0. 070 106. 8506 0. 040 0.6
5th 135. 9375 0. 010~0. 043 133.9964 0.033 1.4
6th 159. 3750 0. 008~0. 023 157. 9924 0. 022 8.8
7th 178.1250 0. 009~0. 022 175. 5837 0.038 1.4
8th 184. 3750 0. 007~0. 032 183. 8417 0. 009 0.3
Zaje]9] 7, Table 49 An-vlede] m4"  Ax-s|ug @& Asgols, Table 5+ 1/2 944
AL FTHU6H FHA)ANAY 7HEE AFAl Al o] s Falgde 7ASolth. Table 4 9 Table 5%
1 2, M3ESEY A9, 1/2 349 AR YA
90.0 ¥ + A Z4uE T8+ dgded vis 1/4 51y A
1 2 Ay A%, An-sided & Ao ZAEL e
" Ng A&+ dglsh A4 = /2 AR A%
L 247t An-sde] &g Avuc} Qo w 24
'; ¥ 6 g s e, 1/4 sty e 4% A 4 =g
g% ] 3 v °g o 4 gt}
£ ' AF2LE J49 A4, Fig 304 nXo] Alg =
: $2g Algstat FAAY B oAt BAGA g
shord, Fod Al dete] T Yyom ANy A
1 b} v mEte] L AR Vel g ohse,
] A} 8 RS2 4_4 23 WY fdL A 7RLcl
0.3 FHE Lo} 23 ANE AYYE 4 dgls] A2l

52.0 FREQUENCY, Hz

400.0

Frequency resolution Be=z1.56258z, number of averages na:ED_

.
=, wehd s-.%c
2 agoz 9%

Fig. 2 Magnitude of cross-spectrum of vibration

(displacement) signals
point R and point 16

from reference

R
A4 234 &9

Table 5 Damping ratios by half power method
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Mode | 1st | 2 | sd | am | sm [ 6h | 7h | sm
Damping 0.072 0.038 0.022 0.027 0.015 0.017 0.045
ratio ~0.088 | ~0.049 0 ~0.049 | ~0.093 | ~0.019| ~0.064| ~0.072
Table ¢ Natural frequencies & damping ratios in case of turning
Mode I st ] ond | 3 ‘ 4th \ 5th 6th
Undamped natural 20. 3125 26. 5625 40. 6250 154. 6875 170. 3125 357.8125
frequency (Hz) ' . . . . .
Damping ratio 0.036~0.041 | 0.029~0.042 | 0.022~0.68 | 0.006~0. 008 | 0.006~0. 011 0. 002~0. 018
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Fig. 4 Mode shapes of lathe based on the vibrations measured under actual cutting conditions
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