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Development of a Multi-Input Modal Analysis System Using a PC
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Abstract

A multi-input/multi-output modal analysis system is developed using a PC and its peripheral

devices to estimate dynamic properties of a mechanical structure. Theoretical backgrounds for

the calculation of frequency response function matrices and for the extraction of modal parame-

ters are introduced. Some problems occuring at the stages of data acquisition and determinations

of modal parameters are presented, and their treatments are proposed. Subsequently, the feasibil-

ity of the developed system is demonstrated through applications to a simulated 3-DOF system

and an engine lathe,
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Table 1 Modal parameters of simulation model with 6% output noise
{ ) 1% error

Mode Analytical value Single input Two input
2.7574 2.7724(0.54) 2.7554(0.07)
f=(Hz) 2 4.5946 4.590100.09; 4.5914(0.07;
3 6.1583 L 6.1682(0.168 6.16770.15;
1 0.03306 0.0338(2.2) 0.0340(2.8)
¢ 2 0.04152 (.041910.9} 0.0436:5.0)
3 0.03770 (.0383(1.6) 0.03806(0.8)
1. +70. 1.+ 0. 1.+70.
1 1.2308+ 70.0658 1.2312+ 70.0627
0.6835+ 70.0450 0.6914+750.0566 0.6825+ 70.0433
1.+70. 1.4 /0. 1. +70
Mode shape 2 0.25534 j0.0870 0.2599+ 70.0851 0.2611+70.1180
—0.7730—70.0139 =0.7553—70.0422 —0.7899 -~ 70.0356
1.+50. 1.+70. 1.+50.
3 —0.9576+ 50.1284 —(.8582+70.00751 —0.9725+70.1789
0.3179—70.0590 0.2979—70.0415 0.2695—70.0761
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Table 2 Distributions of the natural frequencies and (c) 3 rd mode
damping .r?tms with reépect t.o the measufe- Natural freq. Damping
ment positions for the simulation model with .
(Hz) ratio
69 output noise
(¢ #of inputs
(a) 1 st mode - ‘ P! 1 9 1 9
= input# joutput# \
Natural freq. Damping
(Hz) ratio 1 6.166 | 6.164 {0.04067(0.04020
— 2 6.178 | 6.181 |0.03984|0.03899
fof inputg 9 1 9 3 6.140 | 6.160 |0.03586(0.03321
input# joutput#
1 6.121 0.03496
1 2.7?7 2.757 10.03842|0.03713 9 6.133 0.03717
1 2 2.756 | 2,756 10.03960(0.03805 3 6.171 0.03643
3 2.755 | 2.755 [0.03923|0.03789
Analytically estimated 6.158 0.03770
1 L 2.750 0.03387
2 2 2.750 0.03347
3 2.751 0.03316
Analytically estimated 2.757 | 0.03306 28 Aol W 1§ XJ%-’F% Zhalu) = A}
o] 7} Table 204 vhebuk wpe} zbol, w)ishx|qt
{(b) 2 nd mode st ol 4 ol uiepMdE ubers &
4 Q) ghA] o] 5 kS rialsler s g el g
Natural freq. Damping T D]’ u‘} } 1 "a we il ‘}’a 4 <} ] A
T2 ratio &8 o & ook Table ol 4abe v, 504
o2 FE ol M4t ddol 4 A wr s wek
M)f inputy L
. 12 | e 4 olgetel elolql Aol 4z # LAsH 3l
input# joutput# T =
- of 4 ¥ obielEe o FEEE o & e
1 4.605 | 4.609 0.0403210.03985 wo Ao ool ul @A 7htialel Sy
1 2 4.630 | 4.651 [0.06712}0.06586 G slalel aaol solsiAl _31’47\] olol o
7 k3 Lo 5
3 4.461 | 4.607 [0.04209]0.04229 e TTh e Tl S et =t AT
- i lable 30419} 7ol w7 W4 Z=xo] Hslx )
1 4.593 0.04077 Zobsta 9o, 7]olE sdolA X & o] 4
2 2 4.591 0.03952
3 gk 22 o] of ko] Fo]Lv 1= A &
5 | 4 o8 ponyy 2Ol A AT dgel g8 Wil g
— : : of £4o] wl sl FaE WAL FEE
f\nalytncally estimated| 4.595 0.04152 ol 8 o AL} & 9lct,

Table 3 Comparisons of consistency of modal parameters in the case of one and two inputs with 3% and 6%

output noise for the simulation model

{a) 6% output noise

Analytically Mean Standard
Natural frequency Mode estimated {experiment) deviation
1 2.757 2.756 0.0026
Single input 2 4.595 4.565 0.0744
3 6.158 6.161 0.0159
1 2.755 0.0029
Two inputs 2 4.607 0.0214
3 6.155 0.0211
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Analytically Mean Standard

Damping ratio Mode estimated {experiment deviation
1 0.03306 0.03901 0.00059

Single input 2 0.04152 ). 04984 0.01224
3 0.03770 0.03760 0.00320

1 (.03559 0.00212

Two inputs 2 (0. 04510 0.00935
3 i 0).03683 0.00234

(b) 3% output noise

Analytically Mean Standard

Natural frequency Mode estimated {experiment) deviation
1 2.757 2.758 (.00066

Single input 2 4.595 4.614 0.01126
3 6.158 6.164 0.01487

1 2.757 0.00304

Two inputs 2 4.593 0.03410
3 156 0.01519

Analvytically ! Mean Standard
Damping ratio Mode estimated ’ [experiment) deviation
1 .03306 0.0392 0.00043

Single input 2 0.04152 0.0492 0.01131

| 3 0.03770 (.0385 0.00166

1 0.0364 0.00222

Two inputs 2 0.0454 0.00764

3 (.0384 0.00235
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Table 4 Modal parameters of the lathe in the case of

two inputs
I 20.7112 39.5914
(Hz)
¢ 0.03900 0.03267
1 0.1480—70.3954 | —0.2124+70.4127
3 0.1791—70.3682 | —0.2160+ 70.3377
5 0.1664—50.4219 | —0.1422+ 70.2474
7 0.1604—-;0.4800 | —0.1213+70.1700
9 0.1983—70.4461 | —0.0875+ 0.0964
11 0.2311-70.5006 | —0.0722— j0.0016
Mode
shape | 13 0.1261—70.3457 | —0.1659-+70.3503
15 0.2107—70.3784 | —0.1580+ 70.3278
17 0.1594—70.4582 | —0.1294+ j0.2705
19 0.1486—70.4452 | —0.1048+ 70.1749
21 0.2384—70.4689 | —0.0942+0.1061
23 0.2195—70.5506 | —0.0694+ 50.0164
I 148.3561 158.7321
(Hz)
¢ 0.01182 0.02270
1 —0.1356-+70.1821 | —0.0414+ 70.3695
3 —0.1445470.1217 | —0.0447+ j0.2428
5  —0.09584,0.0377 | —0.0697+ j0.0607
7 —0.0495—70.0534 | —0.0267— j0.1211
9 0.0328—70.0913 (.0368 ~ 70.2356
11 0.0715—j0.0951 0.1159 - j0.2522
Mode
shape | 13 —0.11455+70.1746 |  0.0660+ 70.4018
15 —0.1473+/0.1099 | —0.0707+ j0.2513
17 —0.1212+70.0158 | —0.0870+ j0.0914
19 —0.0487—70.0966 | —0.0747—70.1483
21 0.0066—70.1315 | —0.0412—;0.2416
23 0.0462—30.1151 0.0472— 70.2672
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Table 5 Comparisons of consistency of modal param- LA X
eters in the case of one and two point excia- . ;
tions for the experiment _—
(o :standard deviation) Ist mode ; 20.7112 Hz
Mode| Natural freq. o
(Hz) (Hz)
1 20.8891 0.4438 Znd mode ; 39.5914 Hz
Single 2 39.0625 0.6291
excitation 3 148.4355 0.4815
4 158.8564 0.9207
3rd mode ; 148.3561 Hz
1 21.0112 0.3966
Two point 2 39.2314 0.2368
excitations 3 148.7561 0.4815
4 158.7321 0.7448 4th mode ; 158.7321 Hz
Fig. 14 Selected 4 real mode shape of the bed in the
Mode| Natural freq. o lathe
(Hz) (Hz)
Table 6 Modal assurance criterion between two rows
1 (.04153 0.00097 . .
. of frequency response function matrix
Single 2 0.03455 0.00073
excitation 3 0.01497 0.00543 Modes 1 2 3 4
4 0.03047 000787 1 0.9158 | 0.2739 | 0.1208 | 0.0491
1 0.03824 0.00043 2 0.2739 | 0.8539 | 0.1515 | 0.1071
Two point 2 0.03144 0.00078 N ~ -
excitations | 3 0.01304 0.00297 3 0.1208 | 0.1515 | 0.8753 | 0.3468
4 0.02109 0.00240 4 0.0491 0.1071 0.3468 0.8371
shale] Aewceh 2E wslh o 25 & 4ol oK 0924ele) gl vhem glo] ol 49
b, o] AsE slofn ghgok ride] diage) & wEsh A% eld RgEqid AlHR 4o
S Fael lofAl FAsAe] Aok @A b A7, 150Hz2 A S B 4 2=t
Ao} Aeuch o AdY wa 2aE deidcs o MACge] dlmd g e Qe ol 24
AAS abeEw o)t 9 Egoele] dg 2o Yol AR fabaly]
Mlendel ol 29E gae £ AH e 4 Hweleh & 4 e
ol =&l Fig. 140 A4 292 4] 3,
33be meE H4e v elop el o 4 (-
Qlot H AgolM 32 2481 A Az v
Huisop FA 2E i wnde] M4l YAbg PP, At meEad Agel4
G215t AEs: H42 Holm 9lew], 150Hz ZA= e Ql, 28 delgF s Fag &5
FZo] F 2%ci= F3(bending)ol HEisl 2 e s T8 H, Ay A" me oy
= oo @ 4 ek AAdE 29 4ol 4z WEE Tahe, 28 ¥ 9 Fusse T4
4 salebr] flool, Fole ubas aeel ¥ B AsEE et 3xfs 2ol s we
Az ¥e F£2% 2 m%re wig MAC(modal AYg ste] elubalg dals) ®ohx Addbol] o
assurance criterion) & A Ak 3l 9 o v A & AA 7hA Agel A Esled Bk

Table 6ol tetufsict, o 7t (diagonal) 4 -] 0.83 zofAdddel 4, Alg Aol Azrt o] Ex A
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