
BASIC DESIGN PARAMETERS OF 
ACOUSTICALLY TREATED SHIELDED 
ENCLOSURES 

Acoustically treated shielded enclosures are ideally suited for a conference room re- 
quired to provide a high degree of RF and acoustic isolation to the parent room. 
Parent room floor loading restraints, degree of isolation and cost become the primary 
factors in the design. 

James J. Crenca, Comsearch Applied Technology, Reston, VA 

HISTORICAL REVIEW 
PURPOSE 

Historically, the primary purpose 
of a shielded enclosure was to pro- 
vide a sterile electromagnetic environ- 

ment, free from radio frequency con- 
tamination caused by electmmagnetic 
signals such as radioflV broadcast- 

ing, and industrial RF signals (lights, 
switches, motors, or any other device 
that makes or breaks the flow of 
electric current). Enclosures provid- 

ing such sterile electromagnetic en- 
vironments were used as test 
chambers to measure the electromag- 
netic characteristics of equipment 
under test. 

Although shielded enclosures date 
back to the 1930's, their popularity 
increased significantly in the 1940 to 
1950 era. The concept of develop- 
ing a sterile electromagnetic environ- 
ment was expanded from a "Test 
Bed" usage to an "operation" usage, 
whereby equipment and systems 
were placed in shielded enclosures 
to protect them from the interference 
generated by signals emanating from 
commercial communications and 
industrial equipment. In other 
words, computers or sensitive elec- 
tronics were placed in shielded en- 
closures for protection against inter- 

fering signals. 

A secondary purpose of a shielded 
enclosure was to contain the electro- 
magnetic energy radiated by a de- 
vice within the boundaries . of the 
enclosure, so that the electromag- 
netic radiation from the device would 
not adversely affect equipment out- 

side the shielded enclosure. 

SCREEN ROOMS 
Initially, the intent and purpose of 

a shielded enclosure was satisfied by 
a simple Faraday screen design. 
The first commercially available 
shielded enclosures consisted of a 
series of panels constructed of cop- 
per screen wire mesh mounted on 
2' x 4' wood frames. Each panel 
was approximately 4' x 8' in size 
and the panels were assembled as 
a room by bolting together the 2' x 
4' frame. The floor was covered 

'with plywood to protect the screen 
mesh. 

The door consisted of a screened 
panel with beryllium copper finger- 
stock soldered to the perimeter of a 
brass-edged frame. A hinge system 
and a companion door buck com- 
pleted the door assembly. 

These enclosures were originally 
marketed as "screen rooms" and 
were available with an interior elec- 

trical package consisting of incandes- 
cent light fixtures, wall outlets, a light 

switch and power line filters. During 

the advent of the screen room, elec- 

tronic laboratories were not neces- 
sarily air conditioned so that the 
screen room was heated and cooled 

by the air that circulated through the 
screen room from the parent room. 

ATIENUATION 
CHAR ACIEHISIlCS 

A typical screen room would be 
expected to have an electric field 

shielding effectiveness of 100 dB 
over the frequency of 100 kHz to 
400 MHz. As technology progress- 
ed, the generation of signals in the 
higher frequency ranges became 
commonplace and the shielding 
effectiveness limits were raised to 
include these frequencies. The at- 

tenuation of electromagnetic energy 
generated by the magnetic field also 
became of interest. 

In 1954 a measurement standard 
was issued for the purpose of estab- 
lishing a method of measuring the 
attenuation characteristics of electro- 
magnetic shielded enclosures for 
electronic test purposes. This stan- 

dard was called MIL-STD-285 
"Attenuation Measurements for En- 
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closures, Electromagnetic Shielding, 
for Electronic Test Purposes, Method 
of. " The standard was superceded 

by a Bureau of Ships document 
referred to as MIL-A-18123. The 
1954 version of MIL-STD-285 was 

. revised in 1956 and redefined the 
specifications for the test setup re- 

quirements of shielded enclosure 
attenuation measurements. 

MIL-STD-285 required the attenua- 

. tion of shielded enclosures to con- 
form with the specifications given in 

Table 1. 
In 1964, the National Security 

Agency issued a specification addres- 

sing the attenuation of shielded en- 
closures. This document was called 
NSA No. 65-6 and specified mag- 
netic field, electric field and plane 
wave attenuation covering the fre- 

quency range of 1 kHz to 10 GHz 
(Table 2). 

Frequency 

One Frequency 
150 kHz - 200 kHz 

200 kHz 

1 MHz 

18 MHz 

400 MHz 

Table 1. MIL-STD-285. 

Magnetic 
Field 

70 

Attenuation (dB) 

Electric 
Field 

100 

100 

100 

Attenuation (dB) 

Plane 
Wave 

100 

SINGLE SKIN AND DOUBLE SKIN 
DESIGNS 

With the requirements of a mag- 
netic field attenuation being levied 
on shielded enclosures, the copper 
screen construction was no longer 
applicable. Coincidentally, in the 
same time period, the price of cop- 
per rose sharply and a more cost 
effective method of providing a 
shielded enclosure type of sterile 
environment was needed. 

Industry responded with the devel- 
opinent of a modular shielded enclo- 
sure design that consisted of 3/4-inch 
thick plywood panels (nominally 4' 

x 8' with a sheet of 24-26 gauge 
galvanize'd steel bonded to each side 
(sandwich design). (It has been said 

by some industry experts that a 
single sheet of the galvanized steel 
would be sufficient to meet the 
shielding specifications, but it was 
less costly to cover both sides of the 
plywood with steel rather than to 
cover one side with steel and paint 
or finish the other side). The steel 
covered plywood sheets were 
clamped together by a heavy gauge 
galvanized steel frame assembly and 
the entire room was bolted together 
at the frame joints. 

Frequency 
Magnetic 

Fieki 

1 kHz 

, 10 kHz 
100 kHz 

1 MHz 
10 MHz 

100 MHz 

400 MHz 
1 GHz 

10 GHz 

20 
55 
90 

100 

Table 2. NSA 65-6. 

A sophisticated RF door was devel- 

oped to match the shielding charac- 
teristics of the steel covered plywood 
panels. This design was introduced 
in the late 1950's, and by the mid- 
1960's was the primary shielded 
enclosure being offered for sale. In 
1990 the modular wood-core(steel- 
clad shielded enclosure is still the 
undisputed leader in shielded enclo- 
sure sales. Steel welded enclosures 
and lightweight, single skin sheet 
metal enclosures are also in common 
use and both meet the electromag- 
netic attenuation requirements of 
NSA 65-6. 

Electric 
Field 

Plane 
Wave 

70 
100 
100 
100 
100 

100 
100 
100 
100 

Since 1970 a buyer has had the 
option of comparing shielded enclo- 
sures in a competitive market and 
could expect a quality turn-key prod- 
uct that would meet the attenuation 
requirements of MIL-STD-285 or 
NSA 65-6. 

The shielded enclosure industry 

had developed a standard product 
that could be used as a sterile elec- 
tromagnetic test chamber or as an 
enclosure to restrict the radiation of 
electromagnetic energy of equipment 
being operated inside the enclosure. 
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A SHIELDED ENCLOSURE 
AS A SECURE ROOM 
RF SECUIKIV 

From the concept that a shielded 
enclosure was very effective in con- 
taining electromagnetic energy being 
generated inside the enclosure to the 
confines of the shielded enclosure's 
interior, grew the requirement to 
prohibit an unauthorized person fmm 

recovering the electromagnetic ener- 

gy being emitted by equipment 
placed inside the shielded enclosure. 

Since it had long been deemed 
feasible that intelligence could some- 
times be extracted from a radiated 
electromagnetic signal, industry and 
government'engineers realized that 
a shielded enclosure could be a very 
economical security measure. The 
enclosure could be used to signifi- 

cantly reduce the risk of an un- 

authorized person accessing informa- 

tion from equipment placed inside 
the enclosure that was processing 
proprietary, sensitive, or classified 
data. This concept was so successful 
that currently, the majority of shield- 
ed enclosures are purchased as test 
chambers or as a means to safeguard 
against the possible loss of sensitive 
or classified data thmugh electromag- 

netic recovery techniques. 
Users of shielded enclosures have 

come to depend on the electromag- 
netic attenuation characterisbcs of the 
enclosure to provide the necessary 
protection against electronic surveil- 

lance techniques that can be used in 
an attempt to recover information 
that is being processed by electronic 
equipment placed inside the enclo- 
sure. 

In the past, the attenuation of 
acoustic signals emanating from 

equipment and personnel inside the 
enclosure had been considered only 
for special applications. 

ACOUS11C SECURI1V 
In recent years, the acoustic attenu- 

ation characteristics of a shielded 
enclosure has become an important 
design requirement. More and more 
users of shielded enclosures are re- 

quiring a shielded enclosure to meet 
an acoustic attenuation specification 
as well as an electromagnetic atten- 

uation specification. 
Specification NSA 65-5 was issued 

in 1964 and established an acoustic 
attenuation limit over a range of 
frequencies. This document is a 
companion to the NSA 65-6 electro- 
magnetic attenuation specification 
with the exception that NSA 65-5 
does not give a user any specifics on 
how to perform the measurements. 
An acousbc attenuation specification 
comparable to the MIL-STD-285 
elecbomagnetic attenuation specifica- 
tion has never been prepared in the 
past simply for the lack of a need for 
such a document. 

ACOUSTIC MEASUREMENT 
GUIDELINES 
ACOUS11C MEASUREMENT 
RECOMMENDATION 

To effectively attenuate sound 
transmission, both modes of sound 
transmission (airborne and structure- 

bome) can be considered in the 
same manner that the electric field 

and magnetic field modes of radia- 

tion are considered in the procure- 
ment of an enclosure designed to 
attenuate elecbomagnetic energy. 

NSA 65-6 addresses acoustic air- 

bome transmission only. Structure- 

bome transmission measurements 
require a different instrumentation 

setup and different technical exper- 
tise. U. S. Government guidance in 

the form of a standard for perform- 

ing shielded enclosure structure- 

bome attenuation of acoustic signals 
is not readily available. 

The subject of a complete specifi- 
cation for acoustic attenuation meas- 
urements of a shielded enclosure 
(airborne and structure-borne) is 

expected to be. addressed by con- 
cemed professionals in the very near 
future. The American Society for 

Testing Materials (ASTM), has issued 

a number of standards for measure- 
ments of airborne sound energy. In 
the meantime, users and manufac- 

turers are working together on a 
best-effort basis to provide a shielded 
enclosure that offers an acceptable 
degree of RF and AF attenuation. 

BASIC PRINCIPIXS OF ACOUSI1C 
MEASUREMENIS 

Basic acoustic engineering princi- 

ples can quickly be learned by a 
competent electromagnetic compati- 
bility (EMC) engineer, so that the 
EMC engineer can make a meaning- 
ful contribution in the design or eval- 
uation of an RF/AF shielded enclo- 
sure. 

Acousiic attenuation measurements 
are basically made in much the same 
way as RF attenuation measure- 
ments, and require an audio signal 
source that covers the audio spec- 
trum of interest and an audio detec- 

tion system. The audio source 
should be capable of covering the 
frequency range of approximately 
100 Hz to 4, 000 Hz and can be in 

the form of a broadband audio sig- 

nal source such as a white noise 
generator which has constant energy 
output per unit of frequency. 

The sound source can also be in 

the form of a centrifugal fan driven 

by an induction motor to produce a 
constant level white noise output. 

MEASUREMENTS OF 
ACOUSTIC ATTENUATION 
ACOUS11C AT113CJATION OF A 
BARRIER 

If a barrier'is to be tested for 
acoustic isolation (sound transmission 

loss), a random sound field is esta- 
blished on one side of the barrier 
(source side) and the average sound 
pressure levels are measured in the 
source side with a sound level meter 
(detector). The measurements are 
repeated on the opposite side of the 
barrier (receiving side). From this 

data and the absorption in the re- 
ceiving room, the sound transmission 
loss of the barrier may be determin- 
ed. When cursory sound level meas- 
urements are performed in the field, 
the transmission loss is sometimes 
given as the difference of the aver- 
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age sound pressure level reading 
taken on each side of the barrier, 
however, this procedure is not re- 
commended. 

The transmission loss of a barrier 
is sometimes stated as a single num- 

ber that represents the overall value 
of transmission losses measured at 
nine frequencies: 125; 175; 250; 
350; 500; 700; 1, 000; 2, 000; and 
4, 000 Hz. In Europe 16 test fre- 

quencies (125 to 4, 000 Hz) are 
Used. 

It is becoming more common to 
separate the transmission loss meas- 
urements into 6 frequencies: 125; 
250; 500; 1, 000; 2, 000; and 4, 000 
Hz. 

The theoretical relationship describ- 

ing the sound transmission loss of a 
limp, non-porous, homogeneous 
barrier in terms of weight per square 
foot of surface area and frequency 
is expressed as: 

TL = 20 log w + 20 log f -33. 5 dB 

where 

w = weight of barrier in ibs/ft 

f = frequency of interest in Hz 

This equation is called the "Mass 
Law" equation, and states that the 
transmission loss of a homogeneous 
bamer increases by 6 dB with each 
doubling of weight and increases by 
6 dB with each doubling of frequen- 

cy. The "Mass Law" equation as- 

serts that the heavier the barrier-in 

lbs/ft, the higher the transmission 
loss. 

No lightweight material is available 

(space age included) which exhibits 
a high degree of acoustic energy 
attenuation over the frequency range 
of 100 Hz to 4, 000 Hz; users should 
beware of the merchant selling "light- 

weight acoustically secure enclo- 
sures. " 

ACOUSTIC DESIGN 
PAR AMEf'EBS 

Propagation of Sound Energy. Air- 

borne sound is transmitted through 

a barrier in much the same manner 
as a radio frequency signal. When 
a sound wave traveling through air 
strikes the barrier surface, some of 
the energy is reflected back into the 
source room, some is absorbed in 

the barrier and dissipated as heat, 
and some of the energy penetrates 
the barrier and is detectable in the 
receiving room. 

When the sound waves strike the 
source side of the barrier, they exert 
fluctuating pressure on it. The wall 

will then vibrate like a diaphragm 
. and radiate sound to the receiving 

side of the barrier. This will occur 
to some extent on any shielded en- 
closure wall. For most purposes en- 
countered in shielded enclosure con- 
struction, the heavier the barrier and 
the less the vibration, the greater the 
sound attenuation. 

Only a small portion of the sound 
wave, incident to the barrier on the 
source side, is detected as sound 

energy on the receiving side. The 
greatest portion of the sound energy 
is either reflected or absorbed at the 
surface of the barrier on the source 
side. Most of the remainder is dis- 

sipated within the material of the 
barrier and a fraction of the initial 

sound energy incident to the source 
side of the barrier is radiated to the 
receiving space. However a large 
difference is required between the 
levels on the opposite sides of the 
barrier to provide good sound isola- 

tion. Even a difference as great as 
40 to 50 dB will allow a listener on 
the receiving side to hear loud 
speech from the source side. 

Reuerberation. The acoustic treat- 

ment of RF enclosures for the pur- 

pose of attenuating airborne trans- 

mission of sound must be accom- 

, plished in such a manner that the 
effects of sound reflections inside of 
the enclosure are unobjectionable to 
the occupants. 

When sound radiated in an enclo- 
sure reaches the surface — walls, 

floors, and ceilings — some of the 
incident energy will be reflected back' 
into the room, some will be ab- 

sorbed by the surface structure and 
some will be transmitted through the 
surface. A room treated with hard 

reflective surfaces will cause much of 
the sound energy to be reflected 
back into the enclosure. Hard re- 

flecting surfaces are used to create 
a diffuse field with sound energy 
uniformly distributed throughout the 
room. When these conditions exist, 
the room is called a reverberant 
room. Reverberation prolongs sound 
during the intervals in which no 
sound is being emitted. (This effect 
is measured in terms of reverberation 
time. ) Reverberation can be defined 
in simple terms as the time, in sec- 
onds, required for the sound pressure 
level of reflected sound to diminish 

by 60 dB after the sound source has 
been tumed off. A reverberant room 
becomes uncomfortable and annoy- 

ing to the occupants because of a 
disagreeable "ringing" quality of 
sounds produced by such a room 
design. 

Acoustical Absorption. To relieve 

the annoying effects of a reverberant 
room, the interior surfaces are treat- 

ed with a material that will absorb 
the acoustical energy and minimize 

the sound being reflected back into 

the room. A room whose interior 

surface area is highly absorbent to 
sound energy, whereby the sound 

energy radiates away from the 
source as if the source were in a free 
unrestricted field, is called an ane- 
choic room. 

The practical "sound conditioning" 

design considerations of an acousti- 
cally treated RF shielded enclosure 
should consider a compromise in 

selecting the material for an acoustic 
treatment design. For security con- 
cems, the more absorbent, the bet- 
ter. While prime consideration 
should be given to a material that 
will prevent the sound frequencies 
being generated inside of the enclo- 
sure from being recovered on the 
outside, a secondary consideration 
must be given to the physical and 
psychological comfort of the occu- 
pants. To reduce the annoyance 
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caused by reflected sounds, the inter- 

ior design of an acoustically treated 
RF enclosure should specify some 
acoustically absorbent surface areas. 
To design a room with a noticeable 
reverberation improvement, the total 
absorption of the room after treat- 
ment should be approximately six 
times the absorption before treat- 
ment. 

Absorption Coefficient. Most build- 

ing materials manufactured for the 
purpose of acoustic treatment are 
assigned to a measured sound ab- 
sorption coefficient which represents 
the fraction of the sound energy 
absorbed by the material when a 
sound wave strikes its surface. The 
absorption coefficient of a material 
will vary from. 0. 01 to 1. 0 and is 
sometimes referred to as its "acoustic 
absorptivity. " The absorptive co- 
efficient of a material is a function 
of the material itself, the frequency 
of the sound energy, the angle of 
incidence when the sound wave 
strikes the acoustic barrier and the 
mounting configuration. 

It is a common practice for manu- 
facturers of acoustic building mater- 
ials to publish data relative to the 
sound absorption qualities of their 
products. Since the absorption coef- 
ficient of a material is a function of 
frequency, it has become common 
practice to publish the sound absorp- 
tion coefficients of the material at six 
frequencies; 125; 250; 500; 1, 000; 
2, 000; and 4, 000 Hz. 

Noise Reduction Coefficient. For 
the purposes of quickly comparing 
materials for their ability to quiet 
noise, a noise reduction coefficient 
is used (NRC). The noise reduction 
coefficient of a material represents 
the average of the absorption co- 
efficients (to the nearest multiple of 
0. 05) at the four frequencies of 125, 
500, 1, 000 and 2, 000 Hz. While 
the NRC does not totally represent 
a truly scientific evaluation of the 
acoustic properties of a material, it 
is an excellent method of determin- 
ing an approximate rating of the 

relative effectiveness of different 
materials to reduce noise. 

Sound Transmission Class. For 
comparing the transmission loss qual- 
ities of one material to another, a 
sound transmission class (STC) has 
been accorded to various building 
materials. The STC is a single num- 

ber rating for describing the sound 
transmission loss (attenuation) of a 
building material. 

To determine the STC of a mate- 
rial, the material is subjected to 
transmission loss measurements over 
a series of 16 bands (125 Hz to 
4, 000 Hz). The tests are conducted 
by qualified independent acoustical 
laboratories. The tests are performed 
by placing a test sample between 
two rooms that are constructed in 

such a manner that sound originating 
in a source room must pass through 
the test sample to reach the receiv- 
ing room. All other transmission 
paths are insignificant. Readings are 
taken at sixteen 1/3 octave frequency 
band intervals. 

After adjustments are made for 
room absorption and test sample 
size, the average sound levels meas- 
ured in the receiving room are sub- 
tracted from the corresponding sound 
levels in the source room and are 
recorded as transmission loss (dB) 
levels versus the sixteen 1/3 octave 
frequency band intervals. 

These measured transmission loss 
levels are plotted on graph paper 
(preferably transparent) and com- 
pared to an ASTM "Criterion" or 
reference curve. The reference curve 
is adjusted vertically 'over the test 
data curve until the total of the test 
data points that are below the refer- 
ence curve does not exceed 32 dB, 
and at the same time, no test data 
point extends below the reference 
curve by more than 9 dB. (Refer to 
ASTM E413-70T. ) 

The sound transmission class (STC) 
of the sample under test is read at 
500 Hz. This STC number is gener- 
ally published in manufacturers' data 
sheets of building materials common- 

ly used for the construction of inter- 

ior walls. 

DESIGN 
CONSIDERATIONS OF AN 
RF/AF ENCLOSURE 
FLOOR LOADING 
CONSIDERATIONS 

Greater sound isolation can easily 
be achieved by designing a more 
massive shielded enclosure. This 
concept can lead to the design of a 
masonry structure lined with sheet 
metal. Since the requirements of 
RF/AF enclosures very often specify 
a demountable structure that can be 
moved to other locations, 'only mod- 
ular bolt-together structures are being 
addressed in this article. 

Many RF/AF enclosures are design- 
ed around the floor load limitation 
that. the parent room can accept. If 
the RF/AF enclosure is located on a 
building floor plan where weight 
becomes a critical factor, the design 
emphasizes the maximum RF/AF 
attenuation per pound of enclosure 
weight. If the enclosure is positioned 
on a basement or ground floor 
where floor loading is not a factor, 
the enclosure can then be designed 
to maximize the RF/AF attenuation 
characteristics with less regard to 
weight. 

The fact that very acceptable AF/ 
RF attenuation characteristics of a 
shielded enclosure are readily avail- 
able if weight and cost are not too 
restrictive has been stated. How- 
ever, the designer should limit the 
extent of AF/RF treatment to practi- 
cal good engineering concepts and 
sound economic considerations. If 
the AF/RF designer accepts a stan- 
dard RF shielded enclosure as the 
base structure, then the acoustic 
treatment becomes the driving force 
of the design. 

RESIMCIH3 FLOOR LOAD 
DESIGN — LIGHT FREIGHT RF 
ENCLOSURE WITH ACOUSTIC 
IREAIMENT 

When AF/RF requirements locate 
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the room on a floor area that has a 
limited floor loading capacity, the 
acoustically treated shielded enclo- 
sure design should begin with a 
single-skin sheet metal RF enclosure. 
The overall weight of a single-skin 

sheet metal enclosure is approxi- 
mately 1/2 the weight per surface 
square foot (SSF) as the weight of 
a double-skin, wood core/sandwich- 

type enclosure (approximately 3 1/2 
lbs/SSF to 6 1/4 lbs/SSF). 

ACOUSI1C DESIGN 
CONSIDERATIONS OF LIGHT- 
WHGHT ENCLOSURES (SINGLE- 
SKIN) 

For a lightweight acoustically treat- 

ed shielded enclosure, an RF enclo- 
sure that meets the RF shielding 

requirements should be selected. 
The choice should give strong con- 
sideration to the simplicity of adding 
an acoustical barrier to the structure 

of the basic enclosure. 
Walls. A technique that has prov- 

en to yield excellent results is to 
design an internal acoustic barrier 
that is essentially a second room 
erected inside the RF shield. The 
acoustic barrier should be positioned 
away from the RF skin and should 
be acoustically isolated at each and 
every point of contact with the RF 
structure. A practical means of isola- 

ting the acoustic structure from the 
RF structure is to place an elastic 
material (such as neoprene) between 
the two structures at each point 
where they come into contact with 

each other (floor to walls to ceiling). 
The acoustic barrier should be select- 
ed to offer the maximum sound 
transmission loss per square foot of 
weight as the floor load requirement 
will stand. A single or double layer 
of standard gypsum wallboard 

spaced away from the RF skin is a 
good starting point in the initial de- 
sign. 

Additional sound transmission loss 
is obtained if a blanket of sound 
absorbing material is laid in the open 
space between the RF skin and the 
acoustic barrier. The improvement 
attributed to the sound absorbing 

blanket is based on the fact that 
some of the sound energy is ab- 
sorbed in the acoustic blanket as the 
sound is transmitted through the 
open space between the acoustic 
barrier and the RF barrier. 

To provide a soft and warm acous- 
tic environment within the acoustical- 

ly treated enclosures, the hard re- 
flective surface of the gypsum wall- 

board should be finished with an 
acoustic absorbing material with a 
noise reduction coefficient of be- 
tween 0. 6 to 0. 8. A number of 
commercially available products man- 

ufactured in sheets and produced in 

various colors and textures are avail- 
able. 

Ceiling. A popular ceiling design 
is a modified acoustic tile drop ceil- 

ing matrix suspended by hanger 
wires which are isolated from the RF 
structure by neoprene pads. Added 
sound transmission loss in the ceiling 

is obtained by adding a sound ab- 

sorbing blanket above the acoustic 
tiles. 

Floor. The fioor design must con- 
sider the weight of equipment and 
occupants, and a simple solution is 
a double layer of plywood laid in 

opposite directions over a wood 
frame laid on the RF skin. A neo- 
prene strip should be placed be- 
tween the frame and the RF skin. 
An alternate solution is to lay a layer 
of plywood directly on the RF skin 

and then construct the floor frame 
over it. Neoprene isolation on the 
bottom of the frame is still recom- 
mended. The space between the 
fioor frame should be filled with a 
sound absorbent blanket to enhance 
the transmission loss. A wall-to-wall 

rug with a rubber pad will serve very 
well as a floor sound absorbing treat- 
ment. 

Acoustic Leaks. To ensure that the 
AF treatment is acoustically "tight, " 

all joining points that may serve as 
a passageway for air between the 
interior side of the acoustic room 
and the RF skin should be caulked 
with a pliable acoustic compound 
(between panels, drop ceiling, a- 

round electrical outlet boxes, around 

light fixtures, etc. ). 
An excellent acoustic room design 

can be compromised by a very small 

opening that allows an air passage 
beyond the acoustic boundary. 
Small slits or cracks caused by loose 
fitting assemblies can cause a sig- 
nificant reduction in overall system 
transmission loss of the enclosure. 

In the construction of an acoustical- 

ly secure room, a slit is an opening 
where the length is large in compari- 
son to the wavelength of sound and 
in comparison to the width of the 
slit. For example: If a 3' x 7' door 
does not have a tight acoustic seal, 
the slit opening can be on the order 
of 3' or 7' long, 5" in depth and 
1/16" in width. 

The wavelength in inches as a 
function of the frequency is ex- 

pressed as: 

X= Speed of Sound/ 
Frequency (Hz) 

at 1, 000 Hz, 
'h= 1. 13 ft. 

This equation illustrates that any 
slit on either side or top and bottom 
of the door can greatly reduce the 
attenuation of the door assembly. 
In such cases more sound energy 
will be transmitted through the slits 

than through the barrier. 
Sealing all possible air passages 

with acoustic caulking becomes very 
important when trying to achieve 
acoustic isolation. 

ACOUSTIC DESIGN 
CONSIDERATIONS OF A HEAVY 
WEIGHT ENCLOSURE (DOUBLE- 
SKIN SANDWICH) 

Heavy Weight Enclosures: A De- 
scription. The heavyweight, acousti- 
cally treated shielded enclosures 
encompass the same design princi- 

ples as the lightweight design. In 
applications where floor loading al- 

lows a heavier AF/RF enclosure, the 
acoustic design can accommodate a 
greater mass and hence a greater 
acoustic attenuation. The heavy- 
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weight shielded enclosure panels are 
constructed of 3/4-inch plywood or 
particle board, with a sheet of gal- 
vanized steel glued to each side. 
The additional mass of the plywood 
plus the additional hard surface of 
the galvanized sheet of a sandwich- 
style enclosure enhances the acoustic 
attenuation from the start. 

Wherein the wall thickness of a 
lightweight acoustically treated 
shielded enclosure is recommended 
to be a few inches, the overall wall 
thickness of a heavyweight, acousi- 
cally treated shielded enclosure is 
recommended to be more than twice 
as thick for a high acoustic attenua- 
tion design. The design parameters 
for a lightweight or heavyweight, 
acoustically treated shielded enclo- 
sure are similar, in that the building 
floor load limitations and overall cost 
of the acoustic treatment become the 
deciding factors in selecting the par- 
ticular design. 

Enclosure 

Source Side 

L Source 

Measure L, 

Enclosure 

Source Side 

L Source 

SLM 

Parent Room 

Receiving Side 

Parent Room 

Receiving Side 

SLM 

where 

NR = Lf - L dB 

ACOUSTIC 
MEASUREMENTS 
FIELD IRANSMISSION LOSS AND 
NORMAUZEDNOISEREDUCnON 
MEASUREMENTS (FTL AND NNR) 

A good indication of the' transmis- 
sion loss or the noise reduction of an 
acoustically treated shielded enclo- 
sure can be measured in the field 

with a sound level meter. Noise 
reduction (NR) in dB can be meas- 
ured by taking the differences of the 
average sound pressure level meas- 
ured in the source room and the 
receiving room with the sound 
source turned on. For field transmis- 
sion loss (FTL) measurements, the 
sound absorption of the receiving 
room must be taken into considera- 
tion (See Figure 1). 

Measure l 
Parent Room 

Enclosure 

L„Source . 
SLM 

Measure L 

L, 

L2 Average sound level (dB) measured on receiving side when 
sound source is activated on the source sids. 

Average sound level (dB) measured on receiving side 
when the sound source is activated on the receiving side. 

Average sound level (dB) measured on source side when sound 
source is activated on the source side. 

Lf = Average sound pressure level 
in source room (dB) 

L = Average sound pressure level 
in receiving room (dB) 

w 

SLM 

Power output of sound source in (dB) referenced to one 
picowatt (10 watts). 

Sound level meter with octave band analyzer. 

Figure 1. Field Transmission Loss Measurements. 
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The difference of sound pressure 
levels on two sides of a barrier may 
appear to be a measure of the trans- 
mission coefficient of the barrier. 
This is not so because the measure- 
ment on the source side includes 
some of the reflected energy as well 

as the incident energy. 
Field sound transmission loss (FTL) 

of an acoustically treated shielded 
enclosure is made by using a sound 
source with a known power output 
relative to 1 picowatt (10 ) for each 
octave band of frequencies with each 
band centered at 125, 250, 500, 
1000, 2000, and 4000 Hz. The 
measurements are performed with a 
standard sound level meter equipped 
with octave band filtering. 

The sound source can be posi- 
tioned in the enclosure or the parent 
room. Whichever side (parent room 
or inside enclosure) the sound source 
is positioned in is referred to as the 
source room and the remaining room 
is called the receiving room. 

In measuring a sound pressure 
level, inside the enclosure or outside, 
a series of measurements should be 
taken and then averaged (L). It is 

suggested that six to eight readings 
be taken for each test frequency 
band to account for 'variations of 
measurement positions and micro- 
phone directivity. 

Each of the measurements should 
be made at various locations and 
each reading is taken by slowly mov- 

ing the sound level meter over a 
volume of space reachable at an 
arms length distance. Measurements 
should not be made in the close 
proximity of the enclosure walls or 
the sound source. The response of 
the meter should be set to "slow. " 

The sound source should be posi- 
tioned to develop a diffuse sound 
field which is characterized by a 
uniform distribution of sound energy 
density throughout the sound field. 
A diffuse sound field is generated by 
sound waves reflecting from surfaces 
and arriving at any test p'oint with 

equal probability. 
When transmission loss measure- 

ments of a barrier are made under 
laboratory conditions, the barrier or 
partition is placed. in an opening 
between two test rooms which are 
acoustically isolated from one anoth- 
er. Acoustic energy travels from one ' 

room to the other only through the 
partition under test. 

The test procedure calls for gener- 
ating a sound field in one room, and 
measuring the sound level in the 
source room and the receiving room 
with the sound source activated. 

The transmission loss of the parti- 
tion under test is determined by the 
equation: 

TL = L& - L + 10 log (S/a) 

= L, -L + 101ogS-101oga 
where 

L& = Average sound pressure level 
in source room 

L = Average sound pressure level 
in receiving room 

S = Area of test partition (in square 
feet) 

a = Number of sound absorptive 
units in the receiving room 
(SABINS) 

ROOM ABSORPTION 
MEASUREMENIS 

The sound absorption in the re- 
ceiving room can be determined in 

two ways; (1) "decay rate method" 
in which (a) is determined by meas- 
uring the rate of decay of sound 
pressure level in the receiving room 
and (2) "reference sound source 
method. " 

In the first method, the room ab- 
sorption expressed in SABINS is 
calculated from: 

a = 0. 9210Vd 
C 

where 

V = Volume of receiving room in 

ft 
d = Rate of decay of sound pres- 

sure level in dB/sec 
C = Speed of sound in ft/sec 

T in degrees Fahrenheit 

At T = 70 F, C = 1128 ft/sec 

The measurement of rate of decay 
is made by turning on the sound 
source for a long enough period for 

the sound pressure level in the room 
to reach a steady state. When the 
sound source is tumed off, the sound 
pressure level will decrease and the 
rate of decay can be determined by 
measuring the time it takes for the 
sound pressure level to decay 60 dB. 
This measurement is usually made 
with an acoustic analyzer or a high 

speed graphic recorder. 
The second method for determin- 

ing the sound absorption is the "re- 

ference sound source method. " In 

this method a reference sound 
source is used that has a known 
constant power output (dB) relative 

to a picowatt for each of the 1/3 
octave bands of interest (125 to 
4000 Hz). 

The manufacturer of the sound 
source should provide the data relat- 

ing to power output versus 1/3 oc- 
tave bands. Using a reference sound 
source with a known power output 

(Lw), the sound absorption (a) in the 
receiving room can be determined 

by measuring the average sound 
power level Lp in the receiving room 
with the sound power source placed 
in the receiving room. 

The power output (Lw) of the 
sound source and the average sound 
power level (Lp) measured in the 
receiving room (with the sound re- 
ceiver operating in the source room) 
are related to sound absorption (a) 
in the following manner: 

10 log a = Lw -. Lp + 10 log 
(PC/100) 

The terms P and C are a function of 
the density of the medium, tempera- 
ture and the speed of sound. 

For average room temperature and 
humidity, the term 10 log (PC/100) 
is reduced to 16. 4 when (a) is ex- 
pressed in SABINS. The relationship 
is reduced to: 
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101oga = Lw-Lp+ 16. 4 

Expanding the transmission loss 
equation TL = L& = -L2 + 10 log 
(S/a) to TL = L& - L + 10 log S- 
10 log a, . and substituting the last 
term (10 log. a in the above), the 
equation for TL becomes: 

TL=L&-L +101ogS-Lw+ 
Lp - 16. 4 dB 

Because the parent rooms will all 

have different acoustic properties, the 
acoustic test results of the same 
acoustically treated shielded enclo- 
sure erected in different parent 
rooms may yield vastly different 
results in determining noise re- 

duction. 

NORMALIZED NOISE 
REDUCHON 

The equation given above for 
transmission loss can be applied to 
acoustical enclosures if the surface 
area of the enclosure is used for S. 

NNR = 
L& 

- L + 10 log S - Lw + 
Lp - 16. 4 dB 

Given: 
Enclosure size is 12' x 24' x 8' H 
S= 
2(8 x 12) + 2(8 x 24) + (12 x 24) 

= 864 Ft 

MEASUREMENI 
INSTIKJMENTA1ION 

Instrumentation required to perform 
the sound level pressure measure- 
ments for determining sound absorp- 
tion by the reference sound source 
method are: 

1. A sound level meter (SLM) with 

1/3 octave band filters (IEC Type 
1) and microphone calibrator. 

2. A constant power white noise 
source with up to 110 dB output 
from 100 Hz to 4000 Hz with 
built-in filters. 

Instrumentation required for deter- 
mining the sound absorption coeffi- 
cient by the rate of decay method: 
a white noise source as used in 

sound level pressure measurements 
and an Acoustic Analyzer (AA), com- 
plete with microphone and pre-amp 

or a sound level meter with a rever- 

beration processor module. 

TROUBLESHOOTING FOR 
RF/AF LEAKS 

Once the RF and acoustic integrity 
of the acoustically treated shielded 
enclosure is established in the design 
stage, the penetrations of the RF/AF 
barrier must be treated to conform 
with the RF/AF system design goals. 

RF AND AIRBORNE ACOUSTICS 
Penetrations of the RF/AF barrier 

are the primary source of RF and 
acoustic leaks. Based on a number 
of field measurements, the sources 
of RF/AF leaks in their order of 
probable occurrence are: 

1. Door and door gaskets 
2. Air vents 
3. Pipe penetrations - waveguide 

beyond cutoff 
4. Pipe penetrations - water, air, 

power line filter leads 
5. Panel joints 

These five major sources of RF/AF 
leaks can easily be corrected for 

(This expression applies only when 
the average absorption of the receiv- 

ing room is small. ) 
For measurements of an enclosure, 

S = the surface area of the enclo- 
sure boundaries through which 
sound waves will travel from the 
source room to the receiving room. 
The floor of the enclosure is consid- 
ered an integral part of the parent 
room floor and is therefore not in- 

cluded in the calculations of the 
surface area of the acoustic barrier. 
The result of this computation is 
called "Normalized Noise Reduction" 
(NNR) and represents a properly of 
the room construction that is inde- 
pendent of the size of the room and 
the absorption in the receiving room. 

CAIKUIWTIONS OF NNR 
For a shielded enclosure the value 

of S is the sum of the areas of the 
4 walls and the ceiling. Example: 
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RF/AF integrity by good engineering 
design and quality construction prac- 
tices. 

An acoustic treatment for a com- 
mercial recessed mechanism-style RF 
door has to be applied to the RF 
door to seal any air passages be- 
tween the door and the door buck. 
Acoustic leakage associated with the 
air vent system is a different type of 
problem. 

The air vents (intake and exhaust) 
can correct the RF leakage problems 
by utilizing a commercially available 
grill constructed of a matrix of wave- 
guide beyond cutoff filters (com- 
mercially known as a honeycomb RF 
grill). The honeycomb RF grill is 
constructed of a number of wave- 
guide beyond cutoff tubes electrically 
and mechanically connected togeth- 
er. 

The waveguide tubes act as high 
pass filters and attenuate all frequen- 
cies below the cutoff frequency of 
the tubes. The waveguide tubes for 
the standard RF air vents are ap- 
proximately 1/8- to 1/4-inch in dia- 
meter and are clear visual access 
openings to allow the passage of air. 
Obviously, any free flow of air 
through the acoustic barrier will allow 
the free flow of sound energy. Con- 
sequently the sound energy must be 
attenuated at the air intake/exhaust 
grills of the enclosure. 

The vent openings must be treated 
to allow the passage of air while 
atfenuating the sound energy gener- 
ated inside the enclosure. A practi- 
cal method of attenuating the acous- 
tic energy at the enclosure vent 
openings is to place an acoustic filter 
or muffler over each of the openings. 
These acoustic filters are usually 
placed on the e'xterior of the enclo- 
sure in a specific order to provide 
filtering over the entire audible range 
extending from 125 Hz to 4000 Hz. 
The filter elements can be as long as 
9 feet: 

( Aft = C ft/sec / fH, = 1128/125 
= 9. 02 ft) 

It is beyond the scope of this article 

to discuss the design of acoustical 
filters. Users are advised to contact 
a reputable manufacturer of acousti- 
cal filters and have them suggest a 
unit that fits the vent opening and 
also offers the desired attenuation. 
Increased attenuation of, a given 
acoustic filter design will normally 
require a longer length. 

Since most acoustically treated 
shielded- enclosures are 8' or 10' 
high, a 7' long acoustic attenuator 
may be the longest practical length 
for a vertical mount installation. The 
enclosure designer should consider 
a horizontal mount installation to 
allow a longer filter (greater attenua- 
tion) if one is required. Intake and 
exhaust air vent openings should be 
judiciously placed to accommodate 
the acoustical duct installation. 

When including acoustical filters on 
the enclosure design, the designer 
should keep in mind that the com- 
mercial filters are made in a rectan- 
gular or circular tube form that is 5' 
to 9' long with an opening at each 
end. 

To mount such a filter on the sur- 
face of a shielded enclosure (walls or 
roof), a right angle adapter of some 
type must be fabricated. The walls 
of the adapter must exhibit the same 
or better acoustic attenuation charac- 
teristics as the acoustic filter itself. 

Field measurements have shown 
that the connecting point of the right 
angle elbow to the enclosure and to 
the filter is a common point of 
acoustic energy leakage. 

The designer is cautioned to isolate 
the junction of the filter system and 
the enclosure with strips of neo- 
prene. Acoustic caulking should be 
applied to all joints and seams of the 
acoustic filter system hardware. 

STRUCIURE-BORNE 
TRANSMISSIONS 

Up to this point, only the attenua- 
tion of the airborne trarismission of 
sound energy originating inside of 
the enclosure was considered. The 
problems of structure-borne transmis- 
sion of sound energy (vibration) 
must now be considered. 

Structure-borne sound energy in an 

acoustically treated enclosure is 
caused by sound waves striking the 
interior surfaces of the enclosure. 
Some of the acoustic energy is ab- 
sorbed by the acoustic treatment; 
and some is reflected back into the . 

room, some of the energy passes 
through the acoustic treatment and 
travels through the enclosure struc- 
ture itself. Some of the energy that 
penetrated the barrier becomes air- 
bome. 

That portion of the sound energy 
that travels through the structure of 
the barrier will eventually reach the 
point where the acoustically treated 
shielded enclosure makes contact 
with the parent room. Once the 
structure-borne energy reaches the 
parent room boundaries, it is free to 
travel throughout the building struc- 
ture until it becomes dissipated. 
For various reasons, it is desirable 

and in some cases mandatory, to 
prevent structure-borne acoustic ener- 

gy generated inside of the enclosure 
from being coupled to the parent 
room structure. Since the acoustical- 
ly treated shielded enclosure can be 
easily erected so that it does not 
make any physical contact with the 
walls or ceiling of the parent room, 
the isolation of structure-borne noise 
is concentrated at the floor level 
where the enclosure must make con- 
tact with the parent room. 

The attenuation of structure-borne 
acoustic energy transmitted from the 
enclosure to the parent room floor 
can be remedied by the use of vibra- 
tion isolation materials placed be- 
tween the enclosure and the parent 
room floor. The vibration isolators 
reduce the transmitted structure- 
bome acoustic energy and the end- 
result is the attenuation of the struc- 
ture-borne energy. The attenuation 
of the structure-borne energy (vi- 
brations) can be accomplished by the 
use of a rubber base isolator, a 
spring isolator, or a pneumatic isola- 
tor. 

The amount of attenuation and the 
lowest frequency at which the struc- 
ture-borne energy is attenuated will 

determine the type of vibration 
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damping system required. A study 
of the various types of commercially 
available vibration mounts will assist 
the designer in choosing an appro- 
priate vibration damping system. 

Commercially available vibration 
isolators for this application have a 
contact surface area ranging from 
4" square to 16" square. Practically, 
they cannot be placed, directly be- 
tween the bottom of the shielded 
enclosure and the parent room floor 
without some means. of spreading 
the load over the entire floor surface 
of the enclosure. 

A cost-effective and expedient 
method is to lay out the vibration 
absorbers in an appropriate pattern 
on the room floor where the enclo- 
sure will be erected. One or two 
layers (depending on the load) of 
3/4-inch plywood are placed over 
the tops of the isolators. This effec- 
tively creates a raised floor on which 
the enclosure is erected. A thin 

layer (1/4-inch) of neoprene between 
the top of the vibration isolator and 
the plywood floor will be very effec- 
tive in the overall design. 

A better engineering approach is 

to design a metal framework (steel 
or aluminum) consisting of an "I" 

beam or "C" channel perimeter with 

interconnecting cross pieces at the 
seams of the floor panel. A 3" wide 

flange "I" beam or "C" channel has 
been found to be very effective in 

many applications. The vibration 
isolators are placed between the 
metal "undercarriage" framework and 
the parent room floor. 

STRUCTURE-BORNE 
ACOUSTIC 
MEASUREMENTS 

The testing of an acoustically treat- 

ed shielded enclosure for vibration 
isolation requires a general purpose 
vibration meter with accelerometers 

MORE EMI/RFI PROTECTION WITH MINIMUM 
RESISTANCE TO AIR FLOW. 

Lindgren's unique solder fusion assembly 
process assures absolute performance and 
reliability. 

Honeycomb construction provides attenuation 
of over 120 db (a reduction of 1, 000, 000 to 1) for 
frequencies up to 10 GHz. 
Several standard sizes, special, shapes and 
very large sizes are available in brass or steel. 

to measure the vibration of either 
side of the isolators over the fre- 

quency range of interest. An accel- 
erometer calibrator is also required 
as part of the test setup. A vibration 
analyzer or vibration meter with an 
appropriate 1/3 octave bandpass 
filter is required as a detector to 
measure the isolation of structure- 
borne transmissions of acoustical 
energy. An accelerometer of proper 
frequency response, gain and dyna- 
mic range is used as the input sensor 
to the vibration analyzer. 

The vibration amplitudes measured 
inside the enclosure and on the fioor 
of- the parent room depend on a 
number of factors including the iner- 
tial and stiffness properties of the 
parent room floor. For example, all 

other things being equal, the vibra- 
tion levels from acoustical excitation 
inside the enclosure, measured on a 
lightweight, wood parent room floor 
would be higher than the levels 
measured if the floor were concrete. 
Therefore, comparing vibiation levels 
measured on the parent room fioor 
would not. necessarily give an indica- 
tion of the attenuation properties of 
the vibration isolator. 

If an indication of the attenuation 
properties of the isolator is desired, 
the "insertion loss" can be charac- 
terized by measuring the vibration 
levels on the parent room floor with 

the isolator in place, then making the 
same measurement with the isolator 
replaced with a rigid steel or alumi- 

num rod. The insertion loss is the 
difference in the two measurements 
and can be reported in octave or 
1/3 octave bands. 

If an evaluation of the system per- 
formance of the enclosure structure 

plus isolators is desired, then vibra- 

tion measurements made on the 
parent room fioor while a calibrated 
sound source is operating inside the 
enclosure can be compared to vibra- 
tion measurements made at the 
same location while a standard tap- 

ping source (used in evaluating the 
isolation provided by floor-to-ceiling 
systems in architectural structures) is 

152 ITEM 1990 



operated on the parent room floor. 
This procedure makes the resulting 

isolation representation independent 
of the inertial and stiffness properties 
of the parent room. This representa- 
tion can also be provided in octave 
or 1/3 octave bands. 

MASKING 
The primary purpose of applying 

an acoustic treatment to a room is 

to prevent an unauthorized listener 
outside of the room from hearing 
audible conversations that are taking 

place inside of the room. Taking 
advantage of the operational require- 
ments of an acoustically treated 
shielded enclosure, the effective 
acoustic transmission loss of the en- 
closure can be augmented by raising 
the broadband noise environment 
outside of the enclosure, thereby 
lowering the signal-to-noise ratio at 
the observer's ear. 

The process by which the threshold 

of audibility of one sound is raised 

by the presence of another sound is 

called "masking. " If a white noise 
"masking" source of sufficient sound 

power level is placed outside of the 
acoustically treated shielded enclo- 

sure, the unauthorized listener would 

have a difficult time hearing or un- 

derstanding any audible information 

being generated inside the enclosure. 
The white noise "masking" t ch- 

nique does have its limitations; it is 

annoving to the occupants of the 
parent room, and it is easy preV to 
sophisticated electronic signal pro- 
cessing equipment. The vulnerability 

of a white noise masking generator 
against state-of-the-art signal proces- 
sors renders the technique ineffective 
for high voice security situations. 

The same signal processors that 
can defeat a white noise masker may 
have a more difficult time coping 
with a masking signal that is generat- 
ed by a number of unrelated and 
constantly varying audio tones. 

While this type of masker provides 
a greater degree of voice security, it 

also is much more annoying to the 
occupants of the parent room. 

If a high degree of voice security 
is a must, the installation of a multi- 

channel audio frequency generator 

type of masker is recommended in 

a parent room that is only slightly 

larger than the acoustically treated 
enclosure (2' on all sides and top, 6" 

to 10" on bottom with an enclosure 
erected according to the pedestal 

system). In this scenario, there are 
no occupants in the parent room to 
be disturbed by the masker, and the 
volume of space between the enclo- 
sure and the parent room can be. 
easily saturated with a maskirig sig- 

nal. The output of the masker 

should simulate a number of discrete 
audio tones that are simultaneously 

all changing randomly in frequency 

and amplitude. 
Of course, the same masking prin- 

ciples that apply to security in air- 

bome signals apply to structure- 

borne signals as well. Vibration 

masking is needed so that any infor- 

mation transmitted to the parent 
room floor via the enclosure floor 

supports is immersed in masking 

vibration of suitable intensity so as 
to thwart attempts to obtain the in- 

formation through vibration monitors 

on the parent room surfaces. 
Vibration masking is provided 

through excitation of the parent 
room surfaces by the same source 
used to provide the masking sound. 
Additional vibration masking can be 
provided, if desired, through me- 

chanical vibrators. such as the tap- 

ping machine or electromagnetically 
driven shakers. 

SUMMATION 
The general practices for designing 

an acoustically treated shielded en- 
closure are based on both theory 
and practice. Much of the design 

methodology has been derived 

through field experience. Additional 

time and attention allotted for quality 

workmanship during the construction 

stage of an acoustically treated 
shielded enclosure consistently results 

in overall cost savings. 
Acoustically treated shielded enclo- 

sures are ideally suited for a confer- 
ence room required to provide a 
high degree of RF and acoustic isola- 

tion to the parent room. Parent 
room floor loading restraints, degree 
of isolation and cost become the 
primary factors in the design of an 
acoustically treated and electromag- 
netically shielded secure conference 
room. ~ 
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