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1. SCOPE
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2. REFERENCES
2.1 Applicable Do

The following public
latest issue of SAE q
2.1.1 SAE Publicg

Available from SAE
and Canada) or 724

SAE J184 Qua

hded Practice presents a test procedure for determining the airbokne ’sound insul
entative size and sound incidence so as to allow better:carrelation with in-
lesigned for testing flat samples, although in some @pplications the methodology
[s, pass-throughs, or other assemblies to determine their acoustical properties.

ansmitted sound varies strongly across the test’sample surface, a more appr

(with a reverberant receiving chamber) or ASTM E 2249 (intensity method with &
hamber).

Cuments

ptions form a part of this §pecification to the extent specified herein. Unless oth
ublications shall apply:

tions

nternational400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-6
776-4970Q (outside USA), www.sae.orq.

lifyingd Sound Data Acquisition System

htion performance of

osite layers of materials commonly found in mobility, industrial and commejcial products under

Ise sound insulator

equency range of interest is typically 125 to 8000 Hz 1/3,octave band center freqliencies.
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ANSI S1.1
ANSI S1.4a
ANSI S1.40

ANSI S1.11

Acoustical Terminology
Specification for Sound Level Meters
Specification for Acoustical Calibrators

Specification for Octave Band and Fractional Octave Band Filter Sets
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2.13

INCE Publications

Available from INCE, 9100 Purdue Road, Suite 200, Indianapolis, Indiana, 46268. Tel: (317) 735-4063, www.inceusa.ord.

Beranek, Leo L., Noise and Vibration Control, Revised Edition, Institute of Noise Control Engineering, New York, 1989

2.1.4 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9585, www.astm.org.

Laboratory Measurement of Airborne Sound Transmission Loss of Building Partitions

ASTM E90

ASTM C423 Star
Roo

ASTM E2249 Stan
and

3. INSTRUMENTA

Instrumentation to b
3.1 Sound Level N
A sound level metel
measurements usin
system may be used
3.2 Filter Requirer

A third-octave filter
requirements of ANY

3.3  Microphone C
A sound level calibrg
3.4 Source Room

An acoustical sound
frequencies over ea

dard Test Method for Sound Absorption and Sound Absorption Coefficients/h
m Method

dard Test Method for Laboratory Measurement of Airborne TransmisSion Loss
Elements Using Sound Intensity

TION

b used is as follows:

leter

that meets the Type 1 requirements of ANSI SI.4a is required. As an alterna
j a qualified sound level meter, a microphene, measuring amplifier and a so
, provided the system meets the requirements of SAE J184.

hents

set covering the range of center frequencies of interest. The filters shall
| S1.11.

blibrator
tor that meets the Class 1 requirements of ANSI S1.40.
Speakers

generating system shall be selected to generate random noise containing a cont
h test\band.

y the Reverberation

bf Building Partitions

ive to making direct
nd data acquisition

meet the Class Il

nuous distribution of

3.5 Instrumentatio

A schematic diagram of the instrumentation is shown in Figure 1.
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FIGURE 1 - TYPICAL MEASUREMENTSYSTEM
3.6 Ambient Sensprs

Temperature and h

imidity sensors should be used to monitor and record ambient test conditiong
receiving chambers,

5 in the source and
preferably in the vicinity of the sample mounting location.

4. FACILITIES

A schematic diagran of a typical measurement facility.is’shown in Figure 2.
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O

D Point or Spatially-
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Sample Mounting
Window

Field /‘
Incidence

S. o

Speaker

.

Diffuse
Sound
Field

FIGURE 2 - TYPICAL MEASUREMENT FACILITY
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4.1 Layout of Chambers

Two adjacent chambers are located such that they share a common test window, into which test samples are mounted.
The two chambers must be isolated from each other so that the only significant transmission path is through the sample
window. Test windows are normally oriented in the vertical plane, but may also be oriented horizontally or even non-
orthogonally to the vertical or horizontal planes.

4.2 Receiving Chamber

It is recommended that the receiving chamber be fully anechoic in order to minimize the influence of flanking paths and

modal coupling between the chambers. However, good results can also be achieved with semi-anechoic or even
reverberant receiving chamber designs if proper care is taken for isolation between the chambers, modal decoupling

through the test win

ow and qlnn'rial ;\\/praging of rprpi\/ing chamber mir‘rnphnnp(q)

4.3 Chamber Size

Source room volum
Room/chamber size

modes within the Ipwest 1/3 octave frequency band of interest for good diffusioh\of sound.

1:1.26:1.59 are also
should be the same;

with the source roonj.

wavelength from the
4.4  Source Room

To qualify a test ch
diffusion, it is recd
measurements in th
representative test 4
each other, from d
reverberation sourcq
regarding the use of
proper location and

4.5 Ambient Cond

Source and receivin
for both chambers g
measurements of th

4.6 Facility Desigr

is required to be at least 50 m® (1765 ft*), with 200 m® (7100 ft°) being’the req
should be established based on the assurance that there are at least twenty (2
F

b
5

recommended for good diffusion and modal separation. Reverberant receiving

but sized at least 10% smaller or larger in interior volume to.avoid natural freque
It is also advisable to keep receiving chamber boundaries’and sound absorbe
sample test window. See ASTM E 90, Appendix X2 ferfurther detalils.

Lower Cutoff Frequency and Diffusion

amber once it has been built or whenever.Changes are made to the chamb
e source room be no more than 2 dB-at 200 Hz 1/3 octave center frequency
ample mounted in the test window.\“\Microphones should be spaced at least
ffusers and from any room boundaries at the lowest measurement frequend
room can be enhanced by the use of rotating or stationary diffusers. See Sectig
prientation of source room(speaker(s).

itions

) chamber temperatures should be controlled to 22 °C + 5 °C. Relative humidity

t 40 to 70%« Temperature and humidity should not vary by more than £3 °C an
e reference~sample(s) and the test sample(s).

diffusers to reduce the variahility of sound pressure levels within the source roonj.

ommended volume.
0) natural frequency
oom proportions of
chamber proportions
hcies which coincide
elements at least ¥4

br which may affect

mmended that the population standard“deviation of twenty randomly located sound pressure

and above, with a
| /4 wavelength from
y. Diffusion in the
n 6.3 of ASTM E 90
See 4.9 regarding

should be controlled
d +5% R.H between

The source and recéi

receiving chamber.

If supplemental insul

If the eX|st|ng |solat|on between test chambers is adequate supplemental
potential flanking noise surfaces should have little or no effect on measured STL of maximum transmission loss samples.

ation is beneficial, it should be left in place where feasible.

Anking paths into the
insulation added to
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4.7 Maximum Measurement Capability

When the STL of the wall(s) separating the receiving chamber from the source room is not sufficiently greater than the
sample under test, the measurements may be compromised by sound transmitted from source to receiving chamber via
paths other than through the specimen under test. The maximum STL measurement capability of the system should be
determined by measuring the STL of an insulator assembly composed of a 10 to 50 mm foam or fiber decoupler layer in
combination with a 2 to 10 kg/m? septum or barrier layer. Continue to add successive insulator assemblies and measure
STL after adding each insulator assembly until no further changes in STL are noted (less than 1.0 dB change at all
frequencies). The maximum STL capability is limited by flanking paths or residual noise in the overall measurement
system. Measured sample STL values should fall at least 10 dB below maximum STL capability levels at all frequencies.
Maximum STL levels can be improved by increasing the STL of the common wall between the rooms, by improving the
sample sealing system, increasing the structure- borne vibration |solat|on between rooms or by decreasing the residual
noise of the measure j In with every sample;
but, it should be measured periodically (recommended annually) or whenever changes may have beeh made affecting the
measurement facility and/or data acquisition system.

4.8 Test Sample Rixture

s. The fixture should

A test sample fixture

should hold the test sample securely between the source and recgiving chamber

be well sealed to pievent leakage between the source and receiving chambers through the fixture

sample mounting sy
various layers of the
multilayer assembly
vertical test window
properly together or
4.9 Loudspeakers
One or more broad
levels in the receivi

frequencies with the
in order to reduce th

tem in Appendix A). The fixture should provide means to maintain typical in-use
b test assembly. Unless intended, care must be taken tolassure that no air g3
or within sample layers during sample mounting or sealifig. Although it is comn
prientation, horizontal test windows may provide a nieans of using gravity to natd
fo represent the in-use compression of layers.

pband loudspeakers of sufficient sound _power capability should be used to prod

(see recommended
contact between the
ps are induced in a
on practice to use a
rally hold test layers

uce sound pressure
and chamber at all

Ng chamber at least 10 dB above the~nhoise floor of the measurement system
test sample in place. Itis recommended that sound spectrum shaping in the so

rce room be utilized

e span between the lowest and highest levels versus frequency of the measurefl sound spectrum in

the receiving chambper to within the dynamic range capability of the measurement system. Typidally, a source room

sound pressure spe
chamber.
error processes to a
that uncorrelated sig
proper loudspeaker
averaged sound pre
previously defined in

Once placed and qu

Selection,

exact placement and orientation of the loudspeaker(s) within the source roo
Chieve desired source-levels and diffusion. Should multiple loudspeakers be use
nals be fed to the'broadband loudspeaker sources for best low frequency diffus
placement and orientation, the population standard deviation of the randomly
Ssure measurements in the source room should follow the population standard d
4.4.

hlified,Aoudspeaker position(s) and orientations must be maintained for all tests.

4,10 Microphones

Ctrum rising at 6 dB/octave will significantly reduce the dynamic range requirements in the receiving

are often trial-and-
, it is recommended
ion. To help define
located or spatially
pviation guideline as

One or more microphones shall be positioned within the source and receiving chambers. The number and spacing of
microphone positions required in each room depends on the statistical precision desired in the time and space average
band sound pressure levels. Randomly placed microphones or the traverse of a spatially averaged microphone should
maintain at least 1/4 wavelength distances from room boundaries, room diffusers, noise sources and the test sample
window at the lowest test frequency. The exact number and placement of source and receiving chamber microphones for
best results is often a trial-and-error process. However, the population standard deviation of the randomly located or
spatially averaged sound pressure measurements in the source room should still follow the population standard deviation
guideline as previously defined in 4.4 — i.e., be no more than 2 dB at 200 Hz 1/3 octave center frequency and above, with
a representative test sample mounted in the test window.
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Note that the construction of a control sample is defined in 6.3, with target STL values that are defined in 6.4. These can
be used to aid in the above trial-and-error process.

Once placed, microphone positions must be maintained throughout the test sequence and ideally for all tests.
4,11 Test Window Opening

The size of the test window opening between the source room and the receiving chamber also limits the lowest frequency
at which measurements can be reliably made (see Table 1).

TABLE 1 - MINIMUM DIAGONAL DIMENSION OF TEST WINDOW AT LOWEST MEASUREMENT FREQUENCY

Lowest 1/3 Octave Band Minimum Diagonal of
Measurement Frequency Test Window Opening
Hz m (ft)
25 3.83 (12.6)
315 3.04 (10.0)
40 242 (7.9)
50 192 (6.3)
63 153 (5.0
80 1.21 (4,0
100 0.96 (3:2)
125 0.76_</(2.5)
160 0.61.) (2.0)
200 0.48 (1.6)
250 0.38 (1.3)
315 0.30 (1.0)
400 0.24 (0.8)
500 0.19 (0.6)

NOTE: Calculjations use sound speed of 343 m/s (1125 ft/s) ¢arresponding with an air temperature of 20 °C (68 °F
NOTE: Diagopal dimensions are based on 1/4 wavelength calculations at the lower frequency limit for each 1/3 oct@ve band.

5. PROCEDURE
5.1 Sample Mounfing

Test samples must he mounted and sealed completely within the test fixture so as to ensure a minimyim of sound flanking
the test sample. The recommended sample mounting system is shown in Appendix A.

5.2 Sample Conditioning

Test samples should be eonditioned to the same temperature and humidity as the test chambers for jat least 12 h prior to
testing.

5.3 Measurements
5.3.1 Background Noise

Background noise levels within both the source and receiving chambers shall be measured and noted in all measurement
bands and averaged over all measurement positions for each measurement series. Background noise levels in the
receiving chamber must be measured at the same gain settings as during normal measurements in order to include the
noise floor of the measurement system. Ultra-low noise microphones and preamps are available for laboratory use and
can be effective in lowering the noise floor of the measurement system.
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5.3.2 Reference Sample

Install and seal the reference sample, a homogeneous limp material such as lead, PVC sheet, EVA sheet or another
monolithic limp material that does not show a critical frequency phenomenon in the frequency range of interest, into the

test opening so that

its field-incidence STL can be calculated from the relation:

pi+1
0.04322753%+1

STL (reference sample) = -0.192 + 10log(S?) - 10l og{ln(

)

(Eq. 1)

where:
B=pl2p,
w=2xf

f =the center
Ps _ surface de
Po = volumetric]

G - speed of §
5.3.3 Reference S

The surface density

Co

frequency of the one-third octave measurement band

hsity of the reference sample (kg/m?)

pund (M/s) at measurement temperature and humidity
ample Surface Density

of the reference sample should be selected to.be"within 50 to 200% of the sur|

density of air (kg/ms) at measurement barometric pressure, température and hunpidity

ace density of each

test panel or multi-layer test assembly as long as the requirements of section 5.3.1 are met and the reference sample

surface density does
various test sample

5.3.4 Signal-to-Nd

The source signals inay be amplified or filtered versus frequency so that, with the test sample sealed

room and receiving
background noise I¢
system at all frequer
5.3.5 Measureme
The time and spatia
and recorded over t

Optionally, time ave
if they can be show

not exceed 10.0 kg/m°. Reference samplés of different surface densities may
materials.

ise Ratios

chamber signal levels are gach at least 5 dB, and preferably more than 15
vels within the respective thambers and within the dynamic range capability
cies of interest.

nt Conditions

ly-averaged(third-octave band levels in both the source and receiving chamber
e desired-measurement bands with the reference sample sealed into the fixturg
aged{ single point measurements may be used on the receiving side of the samy
N to\give STL results within 2.0 dB at all measurement frequencies to time an

measurements. Avdq

raging times shall be long enough to provide an estimate of the time-averaged Ig

be required to cover

in place, the source
dB, higher than the
pbf the measurement

5 shall be measured
in the test opening.
le mounting window

d spatially-averaged
vel to within +0.5 dB

for 95% confidence limits at all measurement frequencies. See 5.5.4 and Appendix B. Measurement distance to the
sample mounting plane and number of measurement positions in the receiving chamber which give best results will vary
from lab to lab and are usually determined through trial and error. However, in order to minimize variability,
measurements away from the immediate nearfield of the test sample and test aperture may be needed, as long as
background noise considerations are also observed.

Note that the construction of a control sample is defined in 6.3, with target STL values defined in 6.4. These can be used
to aid in the above trial-and-error process.
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5.3.6 Test Samples

After removing the reference sample, the test sample is installed and sealed into the same opening and in the same
manner as the reference sample. The measurements are then repeated as in 5.3.5. The test sample may be a
homogeneous single layer material, a multi-layer material, a combination of multilayer materials with a sheet metal
backing, a porous material without an impervious layer, or any of the previous materials with a pass-through, opening or
intentional leakage path. The results for each of these systems are compared to the results for the reference sample
tested in 5.3.5. If microphones are moved during test sample mounting, they must be accurately replaced (within 3 mm)

to the same positions as in prior measurements, including reference sample measurements.

5.4 Data Analysis

The following procedures are used ta calculate the field incidence STI of the test sample

5.4.1 Background

If necessary, correc
microphone for both

where:

Ls = corrected s
L¢ = sound pres
Ls = sound pres

NOTE: If Lc - Lgis |
15 dB.

5.4.2 Measured N

For both the referemce sample and the test sample, compute the measured noise reduction (MN
pst. Using the corrected band pressure levels, if required, for each measurement band, subtract the

octave band of inter
receiving chamber K
Where applicable, u

NOTE: Subscript “f”

5.4.3 Correlation |

Noise Correction

for background noise levels at each measured third octave frequency band of
the source and receiving chambers using the equation:

L,=10log,,(10"<*°-10"="°)

bund pressure level of the signal, dB
sure level of the signal and background noise combined, dB
sure level of the background noise alone, dB

Pss than 5 dB, use Ls = Lic - 1.3 dB. Cerrection is not necessary if Lc - Ls is gre

pise Reduction

and pressure levelfrom the source room band pressure level to obtain the MN
be spatially-averaged‘values for source and/or receiving room/chamber.

MNR; = SPL; (source room) - SPL; (receiving chamber)

indicates*frequency-dependent variables

interest and at each

(Eq. 2)

ater than or equal to

R) at each one-third

R for both samples.

Factors

Determine the correlation factor applicable to the test opening and source/receiving chamber pair at each test frequency
(CFy) as the difference between the measured noise reduction of the reference sample, MNR; (reference) and its
calculated STL; (reference).

CF = MNRs (reference) — STL; (reference)

(Eq. 3)

NOTE: Correlation factors at all frequencies should fall within +10/-0 dB for a well-implemented test system, +15/-0 dB for
a typical system and should not exceed the range of +15/-5 dB. Methods to reduce the correlation factor without
major facility changes would include changing the position of the receiving microphone(s), increasing the
absorption in the receiving chamber, improving the sealing and/or sample mounting system, increasing the
number of receiving room microphones, averages or spatial averaging in the receiving room.
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NOTE: The correlation factors (CFf) determined using this methodology are subsequently used for computing the STL of
multi-wall samples as well as single wall samples.

5.4.4 Sound Transmission Loss

Compute the sound transmission loss (STL;) of the test sample at each test frequency by subtracting the CF; from the
MNR; of the test sample:

STL; (sample) = MNRs (sample) — CF¢ (Eq. 4)
STL¢(sample) at each frequency band of interest should be rounded to the nearest whole dB.

5.5 Reporting

The following shall be included when reporting results of these test procedures.
5.5.1 Basic Information

Measurement date, [est location, person performing tests, sample description(s) and.reference sampje(s) used. It is also
required to specifically state any deviations to the SAE J1400 procedure requirements, if any.

5.5.2 Ambient Conditions

Ambient temperaturg¢ and humidity conditions in each test chamber at time of measurements.
5.5.3 Sound Trangmission Loss

Sound transmission|loss rounded to the nearest whole dB versus 1/3 octave center frequencies in Hz. Measurements
which have been cdrrected for background noise should be*marked with an asterisk and a note explaining such. See
5.4.1.
5.5.4 Confidence Limits
95% Confidence Limits in dB versus 1/3 octave center frequencies in Hz as defined in Appendix|B. Calculations for
Confidence Limits dp not have to be made\for each test, but should be done annually or following ahy changes made to
the chamber and/or measurement system which may affect Confidence Limits.
5.5.5 Maximum Measurement Capability

Maximum STL capability rounded to the nearest whole dB versus 1/3 octave center frequencies in Hz| See 4.7.

6. GENERAL COMMENTS

6.1 Qualified personnel

It is essential that technically qualified personnel trained in the current techniques of sound measurements select
equipment and perform the tests.

6.2 Routine Calibration

Instrumentation manufacturers' or quality standard recommended calibration practices should be followed before each
test.
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6.3 Control Sample Construction

A control sample has been developed to aid in the assessment and minimization of intra-laboratory variability and/or bias.
See Appendix C for construction details. Specific sources of construction materials are mentioned as guidelines.
Alternative sources may work as well.

6.4 Control Sample Target Results

The following table is based on a weighted average of multiple control samples produced independently and tested in a
number of independent test laboratories. All qualified laboratories should be able to reproduce these results within 3 dB
at all frequencies. Laboratories having trouble with reproducibility particularly below 1000 Hz should seek improvements
as suggested in 4.3 and 4.8. If measured STL is too low relative to target levels above 2500 Hz, improvements as
suggested in 4.6 anql4 9 are recommended

TABLE 2 - TARGET SOUND TRANSMISSION LOSS VALUES - CONTROL SAMPLE
1/3 Octave Center Sound Transmission
Frequency [Hz] Loss [dB]

125 10
160 9
200 10
250 16
315 25
400 33
500 40
630 45
800 50
1000 54
1250 59
1600 63
2000 66
2500 69
3150 72
4000 74
5000 77
6300 79
8000 82
10000 86

7. NOTES

7.1 Marginal Indicla

A change bar (I) lochted'in the left margin is for the convenience of the user in locating areas wherg technical revisions,

not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE ACOUSTICAL MATERIALS COMMITTEE
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