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Transfer Path Analysis with Inverse Matrix Method
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Recently, mechanical noise and vibration problems, including automobile and product development, came to be
regarded as a differentiating factor between competing products and they are becoming more important issue.
Especially in the automotive development process for this issue, pathway analysis (Transfer Path Analysis below, TPA)
has been analyzed. This is a technique to identify the contribution from more than one source of vibration. In order to
make the product of low noise and low vibration and shorten the process, this is required high accuracy and efficiency.
In this study, analysis focused on the contribution of each vibration excitation force identification and pathway analysis
using the inverse method, validation and accuracy of the theory is examined. The regular-inverse matrix method, and
the pseudo-inverse matrix method are compared. The former is for the case of same number of excitation and response
points, and the later is for the case of increasing the number of response points.
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Fig.1 Simulation model

Table 1 FEM size

Length[mm] Width[mm] Height[mm]
3120 1283 1343
Table 2 Value Properties
Modulus | Rigidity | Poisson
of Density[g/cm”3]
Elasticity | [GPa] ratio
[GPa]

Frame 530 200 0.33 8.00
Floor 21 79 0.33 8.00
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Table 3 Coordinate of Excitation and Response points

Excitation

Response

point Coordinate noint Coordinate
Front-Right 50013 Front-Right 100133
Front-Left 50006 Front-Left 100113
Rear-Right 50007 Rear-Right 100293
Rear-Left 50000 Rear-Left 100373
Center - Center 100016
Rear-Center Rear-Center 100305

Fig.2 Close-Response point

Table 4 Location of Response point

Distance from the nearest Coordinate
Response point [mm]
73.346 100307
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Fig.3 Vibrational displacement simulation
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Table 5 Numerical comparison of response Quantity

Number of | Excitation | Maximum | Average Overall

; average

Response point error error error

i it 0, 0,

points Position [%] [%] [%]
Front-Right 18.03 0.0046
Front-Left 9.01 0.0023

4 Rear-Right 550 | 00013 | %90%
Rear-Left 4.13 0.0010
Front-Right 11.88 0.0037
Front-Left 5.94 0.0018

6 Rear-Right 3.63 0.0011 0.0019
Rear-Left 2.72 0.0008
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Fig.4 Compare Theory and Calculations (4by4)
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Fig.5 Compare Theory and Calculations (4by6)

Table 6 Error comparison of close response

Number Excitation | Maximum | Average Overall
of . average
Response Ppo_lr_]t erO;or er(;or error
points osition [%] [%] [%]
Front-Right 19.73 0.0215
Front-Left 9.87 0.0107
4 Rear-Right 6.02 0.0063 0.0108
Rear-Left 4,52 0.0047
Front-Right 6.99 0.0026
Front-Left 3.50 0.0013
6 Rear-Right 2.13 0.0008 0.0013
Rear-Left 1.60 0.0006
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Fig.6 Contribution rate in Front-Right seat

Table 7 Contribution rate in Front-Right seat

Degree peak 1st 5th 6th
Frequency [Hz] 50.25 126.70 137.65

I Front-Right -1 21 15
Contif;?e“t'on Front-Left 14 15 13
[%] Rear-Right 35 34 37
Rear-Left 52 29 34
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