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Identification of Rigid Body Properties of the Mounted Structure

with Improved Mass-Lines from Impact Hammer Tests
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ABSTRACT

There are many researches to identify the rigid body properties from the mass-line obtained by impact hammer testing. The
correct rigid body properties of the structure may be estimated if the mass-line of the structure could be obtained exactly. When the
structure is mounted by elastic materials, the mass-line cannot be read correctly from the impulse response spectrum. The reason is
due to the effects of rigid body modes of mounted structure. In this paper, the effects of rigid body modes of mounted structure to the
mass-line are discussed and the method to remove these effects is also presented.
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Table 1 Mass lines [m/s? N]

Exact | Proposed | Conventional method
value method by FFT
0.500 0.500 0.279~0.660
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Table 4 Mass lines obtained by proposed method
[m/s” N

Exact value Pr:?;aizd Error (%)

1AX -0.0420 -0.0422 0.6

1Ay 0.0478 0.0474 -0.9
1Az 0.0261 0.0259 -1.0
1Bx 0.0315 0.0314 -0.1
1By -0.0065 -0.0068 4.8
1Bz -0.0117 -0.0115 -1.2
1Cx 0.0561 0.0560 ~0.2
1Cy -0.0257 -0.0262 1.9

1Cz -0.0240 -0.0238 -0.7
2Ax -0.0707 -0.0705 -0.2
2Ay 0.0216 0.0216 0.0
2Az 0.0180 0.0182 0.7
2Bx 0.0055 0.0057 3.0
2By -0.0300 -0.0299 -0.1
2Bz -0.0274 -0.0275 0.4

2Cx -0.0282 -0.0280 -0.6
2Cy -0.0103 -0.0102 -0.1
2Cz -0.0106 -0.0106 0.1

3Ax -0.0289 -0.0287 -0.5
3Ay -0.0066 -0.0066 -0.3
3Az 0.0081 0.0082 1.1

3Bx -0.0286 -0.0284 -0.6
3By 0.0124 0.0125 0.6
3Bz -0.0178 -0.0181 1.6
3Cx -0.0582 -0.0580 -0.3
3Cy 0.0153 0.0154 0.2
3Cz -0.0030 -0.0030 -0.6
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Table 3 Mass lines [m/s* N}

Exact Proposed | Conventional method
value method by FFT
0.0478 0.0474 0.0324~0.0463

Table 5 Mass lines obtained by conventional method
[m/s* N)

FRF
Error Error Error
90Hz (%) 150Hz (%) 210Hz (%)
-0.0426 | 1.4 | ~0.0423 | 0.7 | -0.0422 0.4
0.0463 | -3.3 | 0.0444 | -7.8 | 0.0324 | -47.5
0.0282 7.3 0.0268 2.7 0.0265 1.5
0.0321 1.9 0.0317 0.8 0.0316 0.3
-0.0087 | 25.9 } ~0.0102 | 36.7 | —0.0220 70.5
-0.0104 | -11.8 | ~0.0113 |} -2.9 | -0.0115 -1.1
0.0639 | 12.3 | 0.0586 4.3 0.0573 2.1
-0.0336 | 23.4 | ~-0.0313 | 17.7 | -0.0422 39.0
-0.0264 | 9.0 |-0.0248 | 3.2 | -0.0244 1.8
-0.0747 | 5.5 [-0.0690 | -2.5 | -0.0560 | -26.2
0.0231 6.4 0.0221 2.2 0.0218 1.0
0.0207 12.9 0.0189 4.6 0.0184 2.1
0.0084 | 34.3 | 0.0095 | 42.0 | 0.0212 74 1
-0.0311 | 3.5 |~-0.0304| 1.3 | -0.0302 0.7
-0.0318 ] 13.7 | -0.0288 | 4.9 | -0.0281 2.4
-0.0327 | 14.0 | ~0.0265 | -6.2 | -0.0135 | -108.6
-0.0084 { -21.9 | -0.0097 | -5.2 [ -0.0100 -2.2
-0.0112 5.6 ~0.0108 2.2 -0.0107 1.2
-0.0308 ; 6.3 | ~-0.0265| -9.3 | -0.0139 | -108.2
-0.0061 | -9.6 | -0.0065 | -2.3 | —-0.0066 -0.8
0.0095 | 15.4 | 0.0085 5.4 0.0083 2.3
-0.0271 | -5.3 | -0.0251 [ -13.8 | -0.0131 | —-118.1
0.0130 4.8 0.0126 1.7 0.0125 0.8
-0.0215| 17.0 | ~0.0190 6.1 -0.0184 2.9
-0.0644 9.6 -0.0571 | -1.9 | -0.0438 | -32.8
0.0191 19.7 0.0165 7.0 0.0159 3.4
-0.0028 | -5.7 | -0.0030 | —0.9 | -0.0030 -0.3
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Table 6 Rigid body properties estimated

by proposed method
Exact value | New method } Error(%)
xglm] 0.1679 0.1673 -0.3
yalm] 0.1107 0.1107 0.0
zglm] 0.1250 0.1248 -0.1
lgcl kg m?] 0.3439 0.3461 0.6
lo,Lkg m?] 0.4912 0.4886 -0.5
lezl kg m?] 0.4255 0.4248 -0.2
lox[kg m?] 0.1076 0.1074 -0.3
layz kg m?) 0.0824 0.0827 0.4
lozx kg m?] 0.0730 0.0736 0.9
Table 7 Rigid body properties estimated
by conventional method
FRF
90Hz E([,Z’)' 150Hz E(f;‘;’ 210Hz E(’f)’
0.1683 ( 0.2 | 0.1616 | -3.9 | 0.1348 | -24.6
0.1109 | 0.1 | 0.1083 | -2.3 | 0.0981 | —12.9
01276 | 2.0 |0.1202 | ~4.0 | 0.0960 | -30.3
0.3077 | -11.8 | 0.3589 | 4.2 | 0.4837 | 28.9
0.4208 | -16.7 | 0.4469 | ~9.9 | 0.3747 | -31.1
0.4062 | -4.7 | 0.4113 | -3.4 [ 0.3839 | -10.8
0.1062 | -1.3 | 0.1140| 56 |0.1414 | 239
0.0815 | —-1.1 [ 0.0724 | -13.9 | 0.0325 | -153.9
0.0712 | -2.5 | 0.0808 | 9.7 |0.1159 ] 37.1
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