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Improving Accuracy of Measurement of Rigid Body Motion by Using_
Transfer Matrix
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ABSTRACT

The rigid body characteristics (value of mass, position of center of mass, moments and
products of inertia) of mechanical systems can be identified from FRF data or vibration spectra of
rigid body motion. Therefore the accuracy of rigid body characteristics is connected directly with
the accuracy of measured data for rigid body motions. In this paper, a method of improving
accuracy of measurement of rigid body motion is presented. Applying rigid body theory, all
translational and rotational displacements at a tentative point on the rigid body are calculated using
the measured translational displacements for several points and transfer matrix. Then the
estimated displacements for the identical points are calculated using the 6 displacements of the
tentative point and transfer matrix. By using correlation coefficient between measured and
estimated displacements, we can detect the existence of errors that are contained in a certain
measured displacement. Consequently, the improved rigid body motion with respect to a tentative
point can be obtained by eliminating the contaminated data.
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Fig. 1 Coordinates system of a rigid body.
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Table 1 Positions of points on an engine.

S No Coordinates {mm]
X y z
Excitation -248 | -425 ] 137
1 102 | -350 | 384
2 | -103 | -350 | 409
3 92 0 384
4 -93 0 409
Measurement > 98 263 1 -4l
6 | -153 | -275 0
7 142 19 -40
8 | -223 19 20
9 12 351 40
10| -183 | 351 27
1] -101 ] 368 302
Mount location| 2 -8 -562 | 282
3 | -408 15 -175
Tentative 0 0 0
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Fig. 3 Comparison of the correlation coefficients
between original and improved accelerations.
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Fig. 4 Decrease of error of correlation coefficient
according to number of omitted dofs.
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Fig. 5 Difference of acceleration between
measured and improved signals for 12th dofs.
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Fig. 6 Comparison of simulated accelerations
between measured and improved signals for a
tentative point.
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Table 2 Identified values of parameters of an
engine mount system by DSIM.

Parameter Identified value
Origial Corrected

X -50.5 -56.6
C.G. [mm] y -100.9 -125.4

z 108.1 79.8

Loe 10.16 10.20

MOI [kgm?] | Ly 497 522
L, 8.47 8.41
X 1.37x10° 1.18x10°
Mount#1 | y 1.62x10° 1.12x10°
= z 2.20x10° 1.98x10°
Z X 1.62x10° 1.41x10°
g | Mount#2 | y 0.45x10° 0.59x10°
g z 1.36x10° 1.47x10°
@ x 0.91x10° 1.18x10°
Mount#3 | y | -0.17x10° 0.16x10°
z 0.00x10° 0.02x10°

X 71.5 240.4

_ | Mount#1 | y 247.1 -134.2
B z 4244 673.8
2 X 3109 113.8
o [ Mount#2 | y 633.6 1886.8
E z 152.6 71.4
8 x 4.7 2142
Mount#3 | y -28.3 -377.1

z -88.5 -112.5

Table 2 ol Heitt gle AFTA FHx 2 A%
B RAES vleEe] 22y P55 olgsld 1
w4 H4E FPsRen, RE AY A 1f
As+E v ausglch Table 3 o UEhY It A

Table 3 Comparison of natural frequencies
between modal test and eigen analysis.

DSIM
No. Test —
Original data | Corrected data
1 4.94 5.16 5.01
2 6.59 6.61 6.75
3 7.08 7.03 6.98
4 10.26 10.25 10.28
5 13.50 14.08 13.56
6 14.76 14.81 14.74
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Fig. 7 Simulated accelerations at a tentative point
using the identified parameters from improved
data.
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