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Abstract: Polyurethane foams are widely used as sound absorbing materials for automobiles due to their high sound
absorption efficiency. The effects of crushing process and aging time on the sound absorption properties of polyurethane
foams are investigated. The cavity and pore (open & closed) sizes are uniform regardless of the crushing process and
aging time. However, the partially-open pore size decreases with increasing aging time. Closed pore ratio decreases, but
the partially-open pore ratio increases with increasing aging time at the similar level of the open pore ratio. This is
attributed to the increased partially-open pores derived from the closed pores by the crushing process. Sound absorption
properties show maximum performance at 16 h of aging time, and these are strongly related to the airflow resistivity and
tortuosity of polyurethane foams. Storage and loss modulus increase with increasing aging time, and it is closely related
to the phase separation of polyurethane foams.
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Table 1. Formulations for Fabricating PU Foams

Raw material Content (g)

Polyol (PPG-6000) 100
Gelling catalyst (33LV) 0.72
Polyol Blowing catalyst (BL17) 0.08
system Blowing agent (H,0) 4
Surfactant (L-3002) 1.32
Cross-linker (DEA) 0.6
Isocyanate® CG-37018 57.28

“NCO index : 1.0.
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Figure 1. SEM images of PU foams: (a) non-crushed; (b) crushed after 3 days of aging; (c) schematic demonstration of morphology changes

by crushing process.
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Figure 2. Average sizes of open, partially open and closed pores of
PU foams.
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Figure 4. Results of model calculation of sound absorption coeffi-
cient by changing tortuosity and air flow resistivity. For the refer-
ence, = 12000 kg'm?s, s=1.8, $=0.8.

Table 2. Parameters and Expressions of Modeling Calculations
for Analyzing Sound Absorption Coefficient

Parameters Expressions
o0) 4Re(z,cosO/((Re(z,")cosO+ 1) +(Im(z, )cosO)?)
Sound absorption coefficient
-iz," cot(kl)
z, Non-dimensional normal specific acoustic
impedance
kl¢
z Non-dimensional characteristic specific acoustic
impedance
2,2 . 2
% A/(sa) /co)—rdoi/(pycy)
Complex wavenumber [rad m™']
k’ SI/Z(I_i/Q)]/Z
Non-dimensional complex wavenumber
0 WPSIrd
Non-dimensional frequency
1) 27

Circular frequency [rad s™']

0: incident angle [rad], /: foam thickness [m], /: ordinary frequency
[Hz], r: airflow resistivity [kg-m?s™], s: tortuosity, ¢: solid porosity,
po: air density [kg m?], co: speed of sound in air [m s'].
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Figure 5. Sound absorption coefficient and peak value of PU foams.
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