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Development of Vibration Control Model Technology for Porous Materials
by Material Model Based Research (MBR)
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Abstract

Mazda has been developing multi-functional simultaneous control model technology based on the concept of
material model-based research (MBR), which efficiently develops innovative materials that lead to enhance
vehicle value. Up to this point, for porous materials that contribute to quietness and comfort in the cabin, we
have developed a technology to efficiently design their micro-structures in order to achieve the targeted sound
absorption and heat insulation functions within a limited mass and volume. In this paper, we report on the
development of a new fundamental microstructure model for controlling vibration isolation function by applying
the technology we have developed so far, and on the mechanism of elasticity, the main factor in the design of

vibration isolation functions.
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Fig. 1 Approach to Development of High Performance
and Multi-functional Material by

Model Based Research
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Fig. 3 Schematic View of Linear Vibration Analysis
Model by Homogenization Method
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Fig. 4 Kelvin Cell Model for Linear Vibration Analysis of
Foamed Porous Material in Micro Scale
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Fig. 6 Kelvin Cell Model for Nonlinear Compressive
Analysis (Porous Foam without Membrane)
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Fig. 7 Vibration Transmission Analysis Model of
Foamed Porous Material in Macro Scale

Table 1 Material Properties of Solid Phase
(Polyurethane) for Analysis in Micro Scale

Young’s Poisson’s Density Loss
Modulus [MPa] Ratio [kg/m’] Factor
24 0.35 1280 0.1
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Table 2 Analysis Results of Homogeneous Properties of

Kelvin Cell (Cell Size: 400um, Throat Size: 5um,
Porosity: 0.95)
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Fig. 8 Analysis Results of Vibration Transmissibility:
Comparison between With and without Fluid Phase
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Fig. 9 Analysis Results of Vibration Transmissibility:
Comparison of FEM Solution and Analytical Solution
with and without Fluid Phase
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Table 3 Analysis Results of Homogeneous Properties of
Kelvin Cell (Cell Size: 400um)
Throat Size [um] 5 50 100 200
Porosity 0.950 0.951 0.953 0.960

Solid | Effective Elastic

0.449 0.422 0.363 0.245
Phase | Modulus [MPa]

Flow Resistivity
Fluid | [Pa*s/m’]

Phase| Effective Bulk
Modulus [MPa]

2.06X10°|5.11X10° | 6.84X10° | 7.51%X10°

0.102 0.102 0.102 0.102
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Fig. 10 Analysis Results of Vibration Transmissibility:
Comparison of Different Throat Sizes
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Fig. 11 Analysis Results of Vibration Transmissibility:
Modified One Input Young’s Modulus so that
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Fig. 12 Measured Nominal Stress-strain Properties of
Thermoplastic Polyurethane Used in Analysis
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Fig. 13 Analysis Results of Stress-strain Properties:
Comparison of the Number of Cells
in Height Direction
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Fig. 14 Analysis Results of Stress-strain Properties:
Comparison of Porosity ¢ Differences
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Fig. 15 Measurement Results of Stress-strain
Properties: Polyurethane Foam (Average Cell Size:
450um, Porosity: 0.94, Diameter: 100mm,
Thickness: 50mm)
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Fig. 16 Stress-strain Properties and Deformation by
Analysis (Cell Size:500um, Porosity:0.95)
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Enlarged View of Deformation in Center of Cells (Excerpt (L-(5))
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Fig. 17 Deformation and Contact Surface Distribution
of Cells According to Stress Values by Analysis
(@ to ® Correspond to Those in Fig. 16)
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