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ABSTRACT

A spacecraft at launch is subjected to a harsh acoustic and vibration environment resulting from
the passage of acoustic energy, created during the liftoff of a launch vehicle, through the
vehicle’s payload fairing. In order to ensure the mission success of the spacecraft it is often
necessary to reduce the resulting internal acoustic sound pressure levels through the usage of
acoustic attenuation systems. Melamine foam, lining the interior walls of the payload fairing, is
often utilized as the main component of such a system. In order to better understand the acoustic
properties of melamine foam, with the goal of developing improved acoustic attenuation
systems, NASA has recently performed panel level testing on numerous configurations of
melamine foam acoustic treatments at the Riverbank Acoustical Laboratory. Parameters
assessed included the foam’s thickness and density, as well as the effects of a top outer cover
sheet material and mass barriers embedded within the foam. This testing followed the ASTM
C423 standard for absorption and the ASTM E90 standard for transmission loss. The acoustic
test data obtained and subsequent conclusions are the subjects of this paper.

1. INTRODUCTION
The increased propulsion capability requirements of NASA’s future heavy lift launch vehicle
will likely result in the payload fairing and the spacecraft contained within the fairing being
exposed to extremely high external acoustic environment during liftoff. Of particular concern
are the predicted high acoustic levels occurring at low frequencies internal to the fairing.

Expendable launch vehicle (ELV) fairings typically utilize acoustic treatments (e.g., foam
blankets, fiberglass blankets, and passive Helmholtz resonator devices) to reduce the acoustic
energy that transmits through the fairing wall and reaches the spacecraft region. The typical
acoustic blanket treatments applied to launch vehicle fairings are effective in reducing the
acoustic noise in the 400 Hertz (Hz) and higher frequency range. Something beyond the
traditional and current state-of-the-art acoustic reduction methodologies may be required for
future vehicle acoustic noise reduction, especially at lower frequencies (<400 Hz).

A similar situation occurred in the 1990’s for the NASA Cassini mission to Saturn, which
required specialized acoustic treatments to address a radioisotope thermoelectric generator
(RTG) vibration concern at the 200 Hz and 250 Hz one-third octave bands (OTOB). From an
extensive and successful acoustic blanket development test series performed for the Titan
IV/Cassini Project, NASA accumulated a wealth of knowledge and acoustic characterization data
on fiberglass blankets'*’. The Titan IV/Cassini Project evaluated 19 different fiberglass
configurations of varying blanket thicknesses, blanket densities, and internal mass barriers with


https://core.ac.uk/display/42722399?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Acoustic Test Results of Melamine Foam Hughes & McNelis

varying placement locations and densities, in a series of flat panel acoustic testing at the
Riverbank Acoustical Laboratory (RAL), in Geneva, IL, in March—April 1994. This data was
then used to down-select to the two most promising new blanket designs for full-scale acoustic
testing at the Lockheed-Martin (Denver) reverberant acoustic chamber in January—February
1995. As a result, a new fiberglass barrier blanket, denoted as “V5,” was chosen for
implementation on the Titan IV/Cassini mission and flew in October 1997. This V5 fiberglass
barrier blanket successfully reduced the acoustic environment to the Cassini spacecraft as
needed”.

Given the trend within the aerospace industry today to use melamine foam for payload
fairing acoustic attenuation, it was deemed prudent to try to assemble a database of acoustic
performance panel test data for melamine foam, similar to what was achieved for the fiberglass
blankets for the Titan IV/Cassini Project. The initial step for obtaining this database was
performed at the RAL in July 2013 with funding from the NASA Engineering and Safety Center
(NESC). This NESC Enhanced Melamine Foam Acoustic Test (NEMFAT) series of acoustic
tests™® provided an initial quick look at the benefit of using melamine foam, and the impetus to
follow-up with a second more extensive test program.

This new acoustic test series was performed at RAL in February and April 2014 with
discretionary funding provided by the NASA Glenn Research Center. The objective of this test
program was to obtain relevant acoustic test data characterizing the acoustic performance of
melamine foam. This data will be used as a baseline for analytical modeling, designing and
testing future acoustic attenuation systems. This paper summarizes a subset of the overall
absorption and transmission loss test data obtained from this second acoustic test program.

2. TESTING APPROACH AND OVERVIEW

For this test program numerous sheets of both ML and ML UL foam were purchased from the
Soundcoat Company. The gray-colored melamine (ML) foam is the “standard” density (0.562
Ib/ft’) foam. The yellow-colored melamine “ultralight” (ML UL) foam has a lighter density
(0.375 Ib/ft’) than the standard ML foam. All the foam sheets were 4-ft. by 8-ft. The purchased
foam had thicknesses of 1-in., 2-in. or 6-in. The thicker foam test configurations (i.e. 4-in., 6-in.,
8-in., and 10-in.) were assembled by layering a number of foam sheets with the appropriate
thickness.

Also purchased were ML and ML UL 2-in. thick foam sheets with an internal center-
positioned Aerospace Dura-Sonic 5666 mass barrier 1X (<0.060-in. thick, 60 oz./yd?), as well as
a ML UL 2-in. sheet with a 2X Sonic barrier (2 layers of the 1X barrier material). ML and ML
UL 2-in. thick sheets with a thin, black-colored, reinforced Kapton film (0.0016-in. thick, 2.5
0z./yd®) used as a top cover sheet were also purchased.

Acoustic testing was conducted at the RAL in February and April of 2014. RAL performed
the absorption tests per the American Society for Testing and Materials (ASTM) C423 standard’,
and the transmission loss (TL) tests per the ASTM E90 standard®. A representative fiber-
reinforced foam (FRF) panel was utilized as the mounting base panel for the transmission loss
testing. The acoustic test results are summarized in Section 3.

3. DATA ANALYSIS
RAL is accredited to perform sound absorption coefficient measurements and sound TL
measurements for the OTOBs in the frequency range of 100 to 5,000 Hz. Additional unofficial
representative test data was requested and provided at several extra OTOB frequencies, both at

Noise-Con 2014, Fort Lauderdale, Florida, September 8-10, 2014



Acoustic Test Results of Melamine Foam

Hughes & McNelis

lower (40-80 Hz) and higher (6,300-10,000 Hz) frequencies than the ASTM standard
frequencies. The data presented here is from the 100 Hz to 10,000 Hz OTOBEs, as the data below
the 100 Hz OTOB may possibly be affected by the unique test room modal characteristics.

A summary of the various test configurations discussed in this paper is given in Table 1.

Table 1: Summary of Test Configurations

Transmission Loss Test

RAL Test Test Configuration V\|I: a_nel Treafment Tc?tal . Ove:rall .
Report # Description eight, Weight, Weight, | Dimensions, in.
Ib Ib Ib (WxHxT)
Absorption Test
A13-173 2-in. ML (unsealed) No panel 6 6 96 x 96 x 2
A13-175 4-in. ML (unsealed) No panel 12 12 96 x 96 x 4
A14-033 FRF Panel (sealed) 79.7 N/A 79.7 95.75x96 x 1.07
Al14-034 6-in. ML UL (sealed) No panel 12 12 96 x96 x 6
A14-035 8-in. ML UL (sealed) No panel 16 16 96 x 96 x 8
A14-036 10-in. ML UL (sealed) No Panel 20 20 96 x 96 x 10
A14-037 4-in. ML UL (sealed) No Panel 8 8 96 x96 x4
A14-038 4-in. ML UL (unsealed) No Panel 8 8 96 x96 x4
A14-039 8-in. ML UL with Kapton | No Panel 17.2 17.2 96x96 x 8
(sealed)
A14-040 4-in. ML with Kapton No Panel 13 13 96 x96 x4
(sealed)
A14-041 8-in. ML UL with 1X No Panel 46 46 96x96x8
Barrier 2-in from Floor
(sealed)
A14-095 4-in. ML (sealed) No Panel 12 12 96 x96 x4

TL13-139 FRF Panel 40 N/A 40 47.75x95.75 x 1.07
TL13-140 4-in. ML 40 6 46 48 x 96 x 5.07
TL14-054 4-in. ML UL 40 4 44 48 x 96 x 5.07
TL14-055 6-in. ML UL 40 6 46 48 x 96 x 7.07
TL14-056 8-in. ML UL 40 8 48 48 x 96 x 9.07
TL14-057 10-in. ML UL 40 10 50 48 x 96 x 11.07
TL14-058 8-in. ML UL w/Kapton 40 8.6 48.6 48 x 96 x 9.07
TL14-059 8-in. ML UL w/1X Barrier 40 23 63 48 x 96 x 9.07
2-in. from FRF Panel
TL14-060 8-in. ML UL w/1X Barrier 40 23 63 48 x 96 x 9.07
4-in. from FRF Panel
TL14-063 8-in. ML w/Kapton 40 12.5 52.5 48 x 96 x 9.07
TL14-069 4-in. ML w/Kapton 40 6.5 46.5 48 x 96 x 5.07
TL14-070 8-in. ML UL w/2X Barrier 40 37 77 48 x 96 x 9.13
2-in. from FRF Panel
TL14-133 6-in. ML 40 8.5 48.5 48 x 96 x 7.07
TL14-135 8 in. ML w/two 1X 40 40.3 80.3 48 x 96 x 9.07
Barriers 1-in. and 7-in.
from FRF panel
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A. Absorption Testing

For absorption testing, ATSM C423 recommends’ that the area of the test specimen be at least
60 ft* and recommends using 72 ft*. Since the foam sheets were each 4-ft. by 8-ft. (32 ft), an
area of 64 ft* was used as it was achievable by placing two foam sheets next to each other.
Figure 1 shows a typical absorption test setup at RAL. Note that all the side edges of the foam
material as it lies on the floor of the test chamber are sealed with a combination of reflective
Masonite wood strips and steel beams to block the foam’s side surface area from contributing to
the measured absorption. It is generally thought that sealing the edges provides a more realistic
measurement of the material’s absorption although the actual installation and application (e.g.
installed layout of foam on the payload fairing walls) would be the determining factor.

In Figure 2, a plot of the measured absorption coefficient (Sabine absorption) is shown
versus frequency for four different thicknesses (4, 6, 8, and 10 inches) of the ML UL foam. One
observes that as the thickness of the foam test specimen increases the peak absorption coefficient
shifts downward in frequency and increases in magnitude. This trend is expected from theory
and also agrees with previous test data obtained for fiberglass blankets for the Cassini program'.
At ~ 400 Hz and above the absorption coefficients tend to converge for all these test specimens
with sealed side edges regardless of the thickness.

Note that the Sabine absorption coefficient sometimes exceeds a value of 1.0 due to edge
diffraction effects and to the Sabine formulation itself °. The edge diffraction effects seems to be
more pronounced for highly absorptive test specimens (such as melamine foam) with significant
edge surface area (such as thick test specimens)'*'".

Figure 3 shows another example of the effect of thickness on absorption this time for the
standard density ML foam. This data shows the similar trend of increasing absorption with
thickness at the lower frequencies. However, in this case the convergence of the absorption
values at the higher frequencies is not as evident; this is likely because these particular test
specimens were tested with unsealed edges whose different exposed side edge surface areas may
be contributing to the absorption at these frequencies.

Figure 4 shows the effect of sealed versus unsealed edges on absorption. It is observed that
if the side edges of the foam test specimen is unsealed then the absorption coefficient at
frequencies ~ 400 Hz and above will be greater than the corresponding sealed test specimen’s
absorption. This effect is observed for both the 4-in. ML foam material and for the 4-in. ML UL
foam material.

Figure 4 also gives some insight on the effect of the foam’s mass density on absorption.
For the 4-in. test specimens it is observed that the higher density (0.562 Ib/ft’) ML foam has
slightly more absorption than the lower density (0.375 1b/ft’) ML UL foam below ~ 300 Hz.
Above 300 Hz, the absorption of the ML and ML UL samples are very similar.

The effects of adding an internal mass barrier for absorption are illustrated in Figure 5.
There appears to be no significant difference in the absorption coefficient between the 8-in. of
ML UL foam with and without a 1X mass barrier (that is located 2-in. from the floor). Prior to
the test it was expected that the barrier layer might make the test specimen appear “thinner” for
absorption but that was not observed as the data is quite similar for these two tests.

When utilizing the foam in a payload fairing, it may be necessary to apply a top outer cover
sheet to the foam. The cover sheet may be needed for contamination control and/or electrostatic
discharge control purposes. Figure 6 shows that adding a cover sheet, thin Kapton in this case,
can have a major effect on the absorption coefficient. For both a 4-in. ML foam material and 8-
in. ML UL foam material the Kapton cover sheet greatly reduced the absorption coefficient at
high frequencies starting around 160 Hz, while increasing the absorption below that. If a cover
sheet is required, then its material and design may be very critical to its acoustic performance.
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B. Transmission Loss Testing

A typical ASTM E90 Transmission Loss test setup at RAL is shown in Figure 7. The receiving
room and the 4-ft. by 8-ft. test window for this two-room test setup are visible in Figure 7. For
all the TL tests reported in this paper the melamine foam treatments were placed against the FRF
panel on the receive room side of the test window. The opposite side of the FRF panel was
exposed to the source excitation for the ASTM E90 testing. The TL of the FRF panel itself
(without any foam treatments) was measured in test TL13-139 and provided as a reference plot
on all the TL plots.

In Figure 8 the TL of the ML UL foam treatment of various thickness (4-in., 6-in., 8-in. and
10-in.) on the FRF panel is shown. The presence of the foam results in significant increases in
TL well beyond what the FRF panel by itself provides. For example, adding the 4-in. ML UL
treatment (4 1bs.) to the FRF panel (40 1bs.) increased the TL at 1000 Hz by 10 dB while only
increasing the mass by 4 lbs. (10%). The observed increases in TL are well beyond the ~ 1 dB of
TL which could be attributed to the mass law effect. Figure 8 shows that additional increases in
TL are realized by increasing the thickness of the foam treatment.

Figure 9 compares the TL for a 4-in. thick ML and a 4-in. thick ML UL. It is observed that
the standard density ML foam has greater TL. The same conclusion is reached from the TL test
data for a 6-in. thick ML and ML UL test specimens as shown in Figure 10. A visual
comparison of Figures 9 and 10 also shows that the 6-in. ML foam’s TL is greater than the 4-in.
ML foam’s TL, which is consistent with the conclusions of Figure 8.

Various melamine foam treatments were also tested with the inclusion of a thin mass
barrier layer since as mentioned earlier the Cassini V5 fiberglass barrier blanket and design was
very successful. For these tests, the Dura-Sonic 5666 mass barrier layers (1X: <0.060-in., 60
oz./ydz) were placed at various locations internal to the 8-in. ML UL foam layup. Four different
8-in. thick ML UL foam barrier design concepts were tested and the resulting TLs are shown in
Figure 11. It can be seen that significant increased TL is possible with the use of barriers. For
example at 400 Hz, relative to the TL for the 8-in. ML UL with no barrier, the TL increases
between 6 to 14 dB depending upon the barrier design tested. The design using two separated
1X barriers within the 8-in. foam (TL14-135) was the best of the four barrier designs tested
particularly between 125 to 1000 Hz. When comparisons are made to the TL for the FRF Panel
only, substantial TL improvement is measured for these four barrier designs. For example, at
400 Hz, the FRF Panel’s TL is 14 dB, whereas the two barrier design concept’s TL is 37 dB
which is an increase of 23 dB; the mass law would have only predicted a 6 dB TL increase.

The introduction of the Kapton top cover sheet was observed to improve the acoustic TL
performance, unlike the effect on the absorption coefficient. Two examples of this improvement
in TL are provided in Figure 12. The comparison of the 4-in. ML treatment with (TL14-069)
and without (TL13-140) the Kapton cover sheet shows a 2-9 dB improvement starting at 315 Hz.
A somewhat smaller improvement is observed for the 8-in. ML UL treatment with (TL14-058)
and without (TL14-056) the Kapton cover sheet. Finally, the 8-in. higher density ML (TL14-
063) treatment with Kapton has even higher TL values compared to the 8-in. lower density ML
UL (TL14-058) treatment with Kapton. This supports the conclusions of Figures 9 and 10 that
the ML foam has higher TL than ML UL foam for similar thickness, even when the Kapton top
cover sheet is present.
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Figure 7: RAL’s ASTM-E90 TL Test Setup
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4. CONCLUSIONS

The melamine foam testing was successful in that it established a database of acoustic properties
of melamine (ML, ML UL) foam for NASA, especially with respect to effects of thickness,
density and mass barriers. The importance of the cover sheet was also realized through this
testing. The Kapton cover sheet tested was found to have a negative effect on absorption and a
positive effect on TL. Other specific cover sheet materials would need to be tested to see how
they might affect the acoustic performance of the underlying foam treatment. Because of the
foam’s improved acoustic performance’® and lighter mass relative to fiberglass blankets”, the use
of melamine (ML, ML UL) foam is being strongly considered for future acoustic attenuation
systems for future NASA payload fairings.
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