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- ) L EFFECT OF ROOM GEOMETRY ON THE TRANSMISSION
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An experimental investigation of parameters that may affect the

‘ transmission loss ‘of panely is presented in this report. These experi-

.

~ments were carried out following studies documenting differences that

exist be tween laboratories .on thé measured transmission loss Vof,parti-
. e v . . ﬁ :

- -

tions.

'* . P at

To minimize the spread m results between laboratories ‘one must

first understand how and whlch parameters affect the transmission loss .

of partition's. Then guidelines can be set for 1aborator;l.es to follow An

order to achieve minimum differences in transmission loss resylts. .

3

‘The para.nzeters considered in this study include panel .sizes,room .

dimensions, mounting orientation and diffusing conditions. Tests were .~

g
B

conducted fdr double gyprock, single gyprock an;l glass panels. '

The results indicate' that panel area and mounting orieritation ’

‘room volume shows slight dependence, whereas the amount of diffusion :
: N .
' . indicates minimal effect on the measured transmission loss above the

*

<

cut-off freﬂquency. C . ' A

. From the results wbtained a series of guidelines evolved from
. . which additional tests can be run in other laboratories to gather suf-:
& ' | ficient data i'rf;order to derive appropriate normalization procedures
so that transmission loss measurements can be made to better agree be-

tween the various laboratories.

’
v - . « «
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~r L . .
attention must be giv‘q\an to user needs and requirements such that .
X -
’ L]
undesired nvise levels are brought down to minimum standards to best
’ ‘ serve room functions. The . parameters that should be, taken into
. . . . . N ’

¥ consideration include shape and size of rooums, oz’ientatiot_l of the rooms

oy ~ -~

’ within the building and the selechjion and i:lacen'lent of a'bsorptive and
<k N

A . vy

- Y reflective materials to provide the"/b& cénditiong for .the growth,
Ty ) ‘ ‘{ . decay and steadyi—st_ate distribution of sound~in rooms.

. \ Rooms are fo:&ned when 4 space is énclosed by four wz_alls',a roo £

B - . 4 f .
» and floor, which can be constructed from a variety of materials.  The

type of wall construction will dictate to what extent sound from within
2 : K

- " the enclosure'wg.ll be transmitted to an adjacent enclosure.

”~

g

.

LN
I .

- ) A good wall is said/ to have a high transmission loss, where

N . ® sound, ¥aves impinging on one side of it are attenuated such that there

o

v .. . is little transmission throu'gh to the other side." ’ -

./ l . ) :
~ . ’
- . ‘Whereas a particular wall maT have a high transmission loss,

a

4

¢ this charécteris‘tic is not sufficient In itself to'egsure ,that sound

o
a

-

will not be ‘tran'smitted\ taq the other side. Poor construction such-as

»

improper pefipheral sealing, among many others, can greatly’decréase

a

-

. T

the performance of the wall.

-

3 ‘ [

[} @«
-

-

o

- To "oBtain quantitative data on' the transmission loss of a

. .
. A °

~\ * . A . . v i !
,\,. : “ . B . i
- .

we

%

{

. ;  When considering noise’ within thé built environment, special
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particular wall constructi‘o.n. te;ts are "conducted in reverberét;on'
suites where the particular panels to be tested are placed in an
aperture between two adjacent chambers with known acoust_ica‘I .
properties. It is f‘ound"through experimental data'and supported> "by‘

theoretical analysis, that the transmission loss of a wall or panel is
C :

dependefnt on boundary conditiods such as wall and room dimensions,
. .

bouudarf'~ conditions forj the panel, loss factors of bog:h panel and rooms
! R /
as well as sound—source(l) location. d

—_—

Though wuseful 1ipformation on the behaviour of sound in

enclosures and the acoustical performance of building materials 13

v

- s C ,
provided by leboratories, there exists a lack of agreement in measured °
' |

' t;,ansmission.l'oss values both between laboratory and field measurements’,
! . . (2) . . @

as well as between laboratories .,

- . r

13

This chapter begins with a brief introduction on the sound

transmission loss of a wall, followed by a discussion of f%ctors that
might affect int‘erlabora;ory results. A brief account of the tests
, )

performed\‘IrT’—the reverberation °‘chamber at the Centre for Building -

Studies, Concordia University, 1s discussed. Finally the organization
of the 'text is presentéd. -
: \
3
It has been shown thaf; transgission loss results .vary from

-

laboratory to laboratory even when the variation in test ' material

parameters are min.imalw and as well when ty[le restraint conditions of the

oo (3)

panels are the same'”’. The conclusion drawn from such results is that
some pther parameters are affecting the measured transmission loss of

panels. The first objective of the research project which leads to the

-~
k4
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experimentai *work pre.sentéd here 1s therefore to determine which

[
v

parameters could possibly have an effect on ths. transmission loss of

~.

& w T

panels. _ The parameters investigated included room \volume, panel

g8izes, sill sizes, panel position within the aperture and diffusing

conditions in the ‘chambers. . o

~ . \
~

Thé sgqond objective will be to present guidelines for testiﬂg

chambers so that the spread in transmission 1osé results of the various

.

, . -~
laboratories "‘can be reduced.
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CHAPTER I

!

1.1 SOUND TRANSMISSION LOSS OF A PARTITION
A

Walls between ad}gcent rooms are :rated for ' the ~amount} of

® !

insulation they can proyide against noise.’ Tﬁé transmission loss, TL),

of a partition 1is an indicatiop of how well a wall. provides _Ehis sound

Al

insulation. A typical TL curve as a function of frequency i's

» .

fllustrated in Fig. 1.1, iﬂvwh'ich three regions can be identified.

Region I is’ the stiffness controlled regio}x where the TL of the panel - -

+

is dependent 'on its stiffness at low \frequencies. In this region there
is a 6 dB decrease for doubling of frequéncy. At resonance, just

before the mass controlled region there ji a 6 dB increase for doubling

N *

3
o

‘Regioﬁ II, the mass controlled region is separated from the
stiffness controlled region by the lowest resonant frequency of the
. . .

panel in bending.’' This frequency will be defingd in a later section.

The mass controlled region is a function of the mass of the panel. 1In

this region‘ stiffness and damping are not important and the

transmission 1os§ of the panel can be calculated by the 'expression(lg);,
.. i 2
- TLF= 10 1log [1 *(p0) ] . (1.1)
- where w’'= angular frequency = 21f, rad/sec
) .- . :

Y

o = mass of the panel per unit area, kg/m?

pc= the characteristic impedance o.f‘air, kg/m?s
i \

-~

for normal incidence, which 1is called the "mass law” whére\~~the TL .

increases at a rate of 6 dB per Eloubling of either the mass or the

frequency.

o
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| Stiffness: Coincidence
Controlled & Controlle
Resonance
Resonance. - !

Stiffness
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TRANSMISSION LOSS, dB

FREQUENCY, Hz fo R

FIG. 1.1 Typical transmission loss curve showing the: -
three regions of trangu\xission loss performance ° .
of a wall. f. is the critical frequency.

r

The coincidence controlled region, Region III, 1is the region

where the TL values‘diverge below those predicted by the mass 1law,

. reaching a minimum at the critical frequency, f.. At this’ frequency

o ~

the panel bending wave]fengnth equals the frace wavelength of grazing

3

-

acoustic waﬂves, increasing panel vibration: When the panel vibratlon-

is high, transmission through the panel increases, thus resulting in a

lowei' TL Above the critical frequency the TL increases. When the -

sound in two rooms approaches a diffuse field, i.e. the intensity of
the sound 1s equal in all directions r:hroughout the room, and prdvid;l.ng

the sound is transmitted only through the dividing wall, the TL of the

v

wall éap be calculpted knowing the sound pressure lev'eals in :aach room
\

as well as the absoi:ption in the receiving room. The method by which

[

{

these quantit{.es are obtained will be -discussed id Chapter 1II..



e

-
L . . 4,
¢

B . [ = ) .
Therefore, the TL as a function of frequency is found from: /

) /l
“TL = NR - 10 log A /S ~#] (1.2)

where NR = SPL. - SPL. = the average sound\presg&re difference
between ;Aoms. That 1is, the &ifference fo sound
pressure levels between the transmitting and
receiving room, dB

- * 8§ = area of dividing wall , m2

Ap = equivalent abgorption area of the receiving- room

determined from reverberation” medsurements, metric .

. " ‘sabins. T

To. approximate diffuse field conditions the following.requirements "have -

to be met:

\

a) There must be a sufficient number of room resonances

P

(modes) within a test band. ) . . »

b) The modes {i.e., t1\1e natural vibration of air in a room

4

when subjected to ‘an acoustical disturbance, must be
. distributed as upiformly as possible over the band.

e) The direction of propagation, of the modes must be

uniformly distributed throughout the room.

» ‘d)” The modes sfl*}guld have suf\ficieqt bandwidth. ‘
The first two requiréments depend on room dimensions /(as shown in

Al

Section 1.2.3). The dimensions and shapes of the room/should not be
4 , ‘ .

5

o N .
exactly the same since -the more symmetrical a rovm becomes the more

1

-~



| that room volumes should not be less than _10\3 where A 1s the wavelength

‘of the middle fre_quency of the lowest band of intetest(s) . Room
\ .

. 4 ; t
volumes down to half the value of 4?\3' are permitted in vari%u§ standardés’ll).

.
3
R

2
o
3

\ The third requirement is a function of-the:g‘room absorption and
, .

I

or\ the nature of diffusingvdsurfaces in the room. Low frequency

absorption 1s usually requiréd where there /are fewer room modes Jper

test band. By 1increasing the low. frequency absorption the/ modal
RS

responses of the low frequency modes are broadened thus improving modal

X
overlap. At the higher frequencies the absorption in the room should °

be low. ‘

Diffusing surfaces can be either stationary or rotating.

Stationary diffusers are large panels usually having shapes which are

0

irregularly curved. To adequately diffuse the sound field, the panels
are suspended from ceilings or placed at room boundaries in a random

orientatipn. The 'panels should have a width of at least % ) at the

(5),

lowest test band to be effective Rotating diffusers, in effect, act

ad modulators during determination of the average SPL by continually

varying the _couplfng between room modes thus increasing the energy
transfer between modes.

The last requirement is a fumnction of the ban&w{éth of the test

+

signal, being more stringent for narrow band s:f.gnals. !

The fundamental concepts of sound transmission théough a panel

1

are described more completely in the 1literature and expressions are

-derived for the transmission loss of single panels as well as multiple

panels based on the mass ~ law theories (4’6’7’8’.).
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The TL of a wall .,calculat:ed “‘tﬁrough ‘Eq. 1.2 1is a measured

s

quantity and whereas S can be easily éetermined,problems in measurement’

are assoclated with NR‘land‘ Ap where room characggristfcs gréatly

i

influence the measured 'TL. _For this créawon difficulties exist in

matching results between labératories., As wéll, ighere - exist-

difficulties in calculating TL for anytﬁ{ng but simple walls.

L4

This thesis is primarily an investigation of geometrtc~efféctst
\
on the measured TL. &o actually predict performance of walls when\used
in buildings further work will be required but only after differences

that occur even in "ideal” lab conditions can be explained.

‘

)

1.2 FACTORS AFFECTING MEéSUREMENTS OF SOUND TRANSMISSION ) v

N * . Y
Experimental work performed \on the  transmission less' of a

)

building partition has indicated that measurements teénd to be

noq—repeatéble between laboratories using similar panels (1'2’3’9’10).

- ~

v

This would imply that apart from pangl dimensions and material

<

i

H)

* characteristics other room parameters can affect the apparent noise

reduction. Among the possibilities, mounting conditions, room
dimensions and amount of diffusion in the rooms are erdomihant. Sills

and/or reveals might also be-a contributing factor in the influencing

. /
of TL values. - )

>
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1.2.1  SIZE OF PARTITION * ‘ .o

Ideally‘a paljtition should extend fro’m‘wall ‘;:o wall and from~
ceiling —to floor as in' normal construction methods. ASTM E 965)
recommends that the smallest dimension of a wall be not less than %+ m'
(excluding thickness) and ISO 140/1 (11) sugge‘sts a wall area of 10m2.

Construction of a wall to meet either of, the above recémmendations

would imply small room volumes. According to standard£3; 11), larger

. volumes aré recomnended where noise measurements are to be accurate at

a
1]

. lower frequencies. What 1is usually done 1s to mount the desired /

- /

partition which will.typify a wall or window in an apperture. There /

/

is no standard apperture in current usage and therefore this might be

another factor contributing to non - repeatability of measurements
B n

between laboratories. : .

1.2.2. MOUNTING - 4 '

Transmission results will vary \dépfnding on mounting

-

conditions.  As reported by Sewell (12? , below the critical frequency

the calculated transmission loss is .about 3 dB higher for a partition
surrounded by an infinite baffle that is simply supported at the edges
a than that of one with clamped edges. Nils;_on(l) supports these results
+for a partition iﬁ finite surrounds. Above the ecritical fre;quency it
is shown that boundary conditions do not affect TL values if edge -
losses are zero. But since edge losses do occur, and ‘tt{e panels power

\

flow is dependent on the coupling between the panel and the ad joining -

structures, then it can be concluded that the firmly mounted panel will //'

héve larger losses due to power flow at the edges /

T .
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' referred to as normal modes of vibration

. o~ P
%
] . v o T
'

than will the same panel when‘elLstically mounted.  In the series of

experiments réported herein the panel was simply supported throughout.
a \ % ’
The method of support w}ll be described in Chapter II.
. \ .

|

. f . ‘ \
P '

sy

1.2.3 ROOM - VOLﬁHE\éyg\?OUNDARY CONDITIONS . , : -

T [
.

. " For every room there exist distinct resonauc frequencies also

(4 ).

These oecur when a sound

.“,h

ray reflected from a wall, or from successive walls, réaches its point

R4 o

of origin and again repeats 1tself creating a stauding wave. If the
A\

two waves are out of phage they might partially or. totaliy cancel each

s

other out. If they are in phase, that 1s, 1f the path 1ength of the

\
wave is equal to an integer multiple of the wavelength, ‘then they will

5

1E?’reinforce one  another. Resonance will occur at the frequency of the

particular wavelength, resultiﬁg'in high amplitudes. g : o .
i ’ M < t . .

-

The behaviour of sound‘in ah‘enclosure is baeednbefits natural

modes of vibratiom, i.e. wave acoustics or wave motiop bf sound in a
4 . i g .
three dimensional | bounded space () . “The wave equation imn three

dimensions is written for the acoustical pressure in the form of(l):l
i y

é .’~2 N 0

s .

where p = the acoustical ﬁressure, tﬁeE is, the difference in

pressure between the instantaneous pressure and the

\

time average pressure.

LR
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When the initial time boundary conditions are knowm, a solution
of thg appropriate wave equation is obtained for the particulér room,

B ., A
describing the transient  and steady state behaviour of the sound
Q B
field.A brief explanation on how it is possiﬁle to use the simplest
boundary condition, that of perfectly rigid walls, follows.

13

A sound source will excite many of the different normal modes
of vibration of an enclosure. When the source 1s suddenly shut off the

~

mod‘e.s will start to decay in a stepwise fashion dependent on the
a;bsorbing characteristics of the room. At the‘lower‘ freqﬁencies whgte
the number oé modes 1s relatively smail, effects of damping will be more
pronounced than at higher frequenciés. Tkya characteristic frequencies
of vibratiog depend 'u;ainly on the size of the room whereas damping

-rates depend on the boundary conditions.. It is desirable, therefore,

mathematically, when deriving expressions for characteristic

frequencies, to have =zero particle velocity at each wall, de., ..

perfectly rigid walls. Applying these boundary conditions, the general
. Ry g
wave equation can be solved to yield the standing wave equation(“,
p= P (cos kg x cosky y cosk; z)e Jut i (1.4)
1

where P is the pressure magnitude : o .

ks Ky, kg the wave numbers satisfying k =L - ¢k§+k§+k§

" where . @ = angular frequency,rad/sec

c = speed of sound, m/s
X, ¥, z are the room dimensions ,, I
A .
j is the complex number = V-l R

*
t is the time, sec

.
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from which the charag'teristic frequencies corresponding to the normal

modgs of vibration within a room are:

?

- ' n n * n .
» . F =%[(]_X_)2 .{:(TX_)Z_'_ (~ 12)2]i ) (1:5)
n- X y z ’ :
where ‘Ng, Ny and n, = integers : -

1y, 1y,1;. = dimensions of room along ?xeé, m

c = speed Of sound, m/s . -
L3 . ~ . -,
[N £ ek _ v
The normal modes of*¥ibration within an enclosure can be separated into
> - N

three groups.- 'fhe Lelvet group are called axial modes \(one-d:lmensionél
modes) moving parallel to one axis and occur when'~ one of the nj are non-
zero an/d the other two equal zero. The second éroup vhere two ny are 3
nbn—zero ‘and ti1e third ny is equal to zero are known as the tangential
modes (two—dimensional) moving in one of' -th'e major planes of ;ire room.

The third group are called obiique modes (three-dimensional) which are

oblique to all pairs of walls. Here all the ny have non-zero values. , -

A
» i

If there are insufficient, normal modes within a frequency band',
then ;m adequateiy diffuse field , where sound energy 1is -equally "
probable in all directions.and uniformly distributed throughout the
room, will not be attained as large spatla{l differences in SPL can be
measured. This problem is particularly important for the lower
frequencie; ;ihere .the number of modes. is not as high as for that of
‘hig\her frequencies. The number of modes which can exist beldw a ‘given‘

% .
frequency or within a specified -frequency band can be expressed as(4):

= 4zV 3 TT_S_ 2, 4 .L_ ' ' ;
\ L] . ‘ I’ °
. ‘ ' ] o ‘w



where ¢ = gpeed bf'sougd, m/s*

'

N = number of modes below frequency £

V = volume of room, m3
S = total wall surface area = 2(1x1y + lylz'+ 1.1.), m2
L = sum of leﬂéths of room edges = 4 (1; tlp+ 1),

f = frequency , Hz

. .y
By differentiating the above equation, the modal density, that is, the

number of modés AN in a given frequengy band Af centered on f is:

a

= oy B b @ A (1.7)

a

The above eqﬁation indicates that as the frequency and volume are
increased there 1s a rapid increase ,in the number of modes in a

frequency band. When the number of wmodes in each of the desired

o

frequency bgFés is increased, a more random sound field will occur. '

a
a

'
1.2.4 ROOM DIFFUSION
o

To achieve diffuse condidons the modes must be "uniformly
spaced: in frequency, since ‘a diffuse field depends on the modal ”

structure of a room.. As well, for a statistically reliable xeverberant . . .
B N . T
field at the lowest frequency of interest, there should be a syltable .
\ ..‘ . ‘J-‘t -

number of room resonances -(normal modes) within a test band. 3

The ' lowest frequency at which a reverbenant‘ field céan be

-

-'§

g



Rt

L i e R R SR | PR

N

‘f,considered as being statistically reliable is called the "Schroedei‘

) Yi Cut—off Frequency , fe g» 8lven by( ), . ‘
J -

é b}

i

. - L]
\ . fee=1200.M Tp)® < (1.8)
. v . P .
*" where - Teo is the reverberation time, sec

¢

- V 1s the room volume, w3 -

B >
- -

!
| 2= -
i

P
x

M = B..AN, the Modal Overiab\lndex vwhere B, 1s the

. o+ . - bandwidth of a typical mode.
- . kI
?,,‘

. Though vari\eus values of M have been ‘'shown to be adequate 1in
- /3 ' -

'

providing good modal overlap, the one commonly used is that suggested

by Schfoeder, where M = 3, in the calculation of the ecuyt- off

' : ' . -
¢ frequency.This value iundicates that the spacing between modes 15 less
. N a K N
than 1/3 bandwidth of a typical mode. Analysis of Eq. 1.8 indicates
that if a lower cut-off frequency is required then either the volume

will have to be increased, or the reverberation time decreased. It is

o “

- ustally not advisable to.decrease the reverberation time by increasing.

-

absorption, since by doing so, the desired pressuré levels within the

room -could be difficult to produce. In a Yoom the interchange of
. h energy . etween modes ~£an be,increased by placing objects within the

e

room th scatter and therefore randomize the directions of the sound
¢ Vaves. ‘: ese are khown as diffusing elements which can be either

staéibnary or ~rotating vanes. Another technique is through thg use of

a!;sorpt'ive treatment at low frequencies to increase the modal

bandwidth. -

14
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" 1.3

the room parameters on measured transmission loss of pangls.

Designation: E 90-75 Standard Method for “Laboratory Measurement of -

* However, due to the smaller room volume of th

TESTS PERFORMED AT CBS ~ - ~- -

v

TBg ‘Intent of this study is to analyze the effect of alterin

]

n

special attelnfion is given to diffusion characteristics at the low

frequencies.

N

All - tests ‘:'eré perfo@td to- satisfy the procedures of ASTM,

\,

L

j

Y

. most problems are found at the lower end of ,the frequency scale,

.

-

.

Airborne - Sound Transmission Loss of Bﬁilding Partitions"(s) .

’

e reverberation chamber at

"CBS the tests do not comply fully with the«above 'gfandard. The

transmission Tloss was measured for three panel types:

3

and 3. double gyprock panel

The four parameters conéiderec'i were:

~

1. glass panel’

2. single gyprocic panel

-+

o .
1. Two room volumes

. n

2. Diffuse and non diffuse field conditions
N E Y

3. Three panel sizes \

4. bfounting position “ ‘ L a

-

’

" A one third octave bandwidth with cen'ter frequencies

vy .

a

-

from 100 to 5000

, ‘Hz and’ a random noise sound signal was usefi for measurements. For each

‘Since ,

LA

g !
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experimental set-up the reverberation time, for the frequency range in

‘questiony was recorded, from which the absorption was calculated. The

v

next. step was the measurement of the space averaged sound pressure

&

.levels in both transmission and receiving rooms. Once these were

recqr’ded,.tﬁe transmission loss of a particular panel, subjected to the

[
-

various ' parameters, was £alculated from Eq. 1.2. A more. detailed’

description of the test procedure is presented in Chapter II.

1.4 ORGANIZATION OF TEXT

. The text is arranged in the following mannex‘)::

a) Chapter II deals with a detalled description of the experimen—

.o y
tal set up and test procedure.

- LY

b). Chapter III deals with the analysis- of the data -

.

t) Chapter IV preSents conclusi’ons of the investigation.

. Al
s ’ . .

i _— . N

»
v

16
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CHAPTER II S ¢

3

! )  EXPERIMENTAL SET-UP AND TEST PROCEDURE

¢

2.1 ° THE TRANSMISSION LOSS SUITE y ‘

The facility used to perform 'the testinghis located on the
third floor of “the Centre for Building Studies at Concordia

University. Two adjacent testing rooms, rectangular in shape, one with

’

a volume of about ‘94 cubic meters which for ‘convenience’ will be

referred to as room A,the other about 37 cubic meters referred to as

¢ '
-

room B, make up the transmission loss suite. The construction details
, o / .

of the suite(,w)d and the qualification for sound power testing of the

reverberation ‘chamber (room A) have previolsly been reportgd(14).

i
o

Figure 2.1 shows the actual dimensions and layout of the

r'd

chambers, The wa.ll,s of the chamber are of a 228nnn”ti\i<:l; staggerea

stud/gyprock: construction. The' outer layer is 12.7mm gyprock fixed on

spring clips. The inner layer conslsts of 12.7mm and 15.87mm g\yprock‘

A

The cavity is filled with fiberglass insulation. The ' ceiling is

similar in construction except that it is suspended from the building

structure on resilient hangers. A Q.8lmm aluninum sheet covers both
walls and ceiling, wh?le the floor is a 101l.6mm thick concrete - slab,

isolated from the building structure on fiberglass isolation pads. The

" .
details of the construction are illustrated in Fig. 2.2.
N ,

e

ve
- . c N
N . -

e 4

17
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There is a 3 x 2.5m opening between the rooms where what will
henceforth be referred to as the "reference wall” was built. This wall
.,was constructed ‘in such a fashion as to :facilit‘ate placement of the

various size "panels.

’fhe frame of the reference wall is shown in Fig. 2.3(a). The

referencev wall was made up of two 228.6mm walls with a Sfiberglass

» filled cavity between them, measuring 50.8mm, ie. the cavity being the

R )

separation between the two rooms. Each wall was constructed of 5 x 10m

'studs, their spacing.as shown in Fig. 2.3(a), covered on the outer side

. "

- é
by two 13.87mm gyprock panels. On the inner side a 15.87mm gyprock

panel was attached to the studs and the cavity filled with fibreglass

, insulation. .Fig. 2.3(b) “is a schematic of the reference wall. Access

to each room is furnished tl}rough an arrangenent of tr‘iple‘sol:ld wood
sliding doors.  Rubber gaskets and neoprene skirts on the top and

-

bottom of the doors provide for further insulation.

’, a * . * i * 7

2.2 INSTRUMENTATION SYSTEM

The ' instrumentation system, divided into three subsystem.s;
Fig. 2.‘4, consists of the -measurement system, the control system and
the omtput system. The measurement system is controlled by a HP 9825A
desk~top computer which 1s connected tlo the printer ahd plotter of the
output‘: system. = The equipment belonging to each sub-system is shown in

Fig. ‘2.4, with the function of each explained below.

20
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TRAVERSE}
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) 2131 GENERATOR

- FREQUENCY
s ANALYZER
Microphone
input

FIG. 2.4 Instrumentation set-up: Measurement,

Control and Output systems.
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In each ‘room pressure levels were sensed by a 12.7mm B & K 4133

microphone and B & K 2619 preamplifier moving on a three meter traverse
along the main room diagonal, cabled to a B & K 2131 rezl time digital

1/3-octave frequency analyzer. The information was . processed and

-

displayed on the analyzer which is digitally controlled through the IEC

interface by the HP 98254 desk-top computer.. Signals were generafed by

"

a B & K 1405 random moise generator fhrough B & K 2706 power amplifiers

-
[

to loudspeakers. N
- /’

o

The selection of the microphone traverse and loudspeaker as

well as the noise generator and start time of the traverse wuwere

'

compufer controlled. Fig. 2.5 is a block diagram of the mié/traverse

and source control relays and logic. Sequences that were /fequired to

1

control the microphone and source -location are shown in fFig. 2.5(b)

(bottom) along with the four commands (top) in HP 9825A 1/anguage that
were set up for control purposes. The program that was written included
' /

all the sequences in a manner such that  the proper/ sequence was

" selected depending on which room required the mic/trav/erse or source

pgsition. . /

, j ——

The microphones' were calibrated with a B & K/4220 pis tonphone

and, temperature and humidity were recorded for the/ rooms before and

) ]
after each test. /

Through a parallel interface of the HP 9825A with an HP 9885M

flexible disk drive data storage and software programs vere

[

jmplemented. Data output can be on a Tektronix 47’62 digital plotter on

.

the IEC interface or on a Digitai Equipmfnt LA 120 printer.

23
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)

Control "of the measurement system during data acquisition and

storage and the ou‘tpug system was through programs dev&oped for the HP

N

' 9825A. The two main programs for room reverberation time and panel

transmission loss which will be discussed later are included in

Append ix A.

o mta g e gt ot - SO Topa L T SR SRR TR

Programs were also written -for the HP 9825A for data

retrieval and talculation of panel transmission loss.

- 4
N

2.3 EXPERIMENTAL SET-UP

.
.

A summary .of the characteristic configurations of the various

included in Table 2.2, but their effei:’t‘ on TL measurements is réported'

elsewhere(16 ) .

.

TABLE 2.1. Panel Configurations

-

-

.panels + used 1s presented in Tablé 2.1.

b oo

N

S111 dimensions . are &80

- v

LY
PANEL ’ PANEL DIMENSIONS* THICKNESS*
SIZE MATERIAL 'm2 m - OTHER
. Glass 6.350 - )
Size 1 |Single Gyp{,6 ' 0.54 15.875 ' -
. Double Gyp 47.625 including )
15.875mm airspace
between panels
! Glass 6.350 : -
Size- 2 |Single Gyp 2. 32, 15.875 -
Double Gyp \ » 47.625 including
. , ¢ 15.875mm airspace

. : between panels
. Glass 6. 350 -
Size 3 |Single Gyp 3.93 15.875 -
Double Gyp ‘ 41,625 including

15,875mm airspace '
. between panels

* all values are nominal



Table 2.2 Sill Configurations*

Sill . WIDTH THICKNESS
\ Size MATERIAL m mm
- Size It | Plywood | 0.305 .6.,32/" o
Size 2 Plywood Q.153 ‘ 6.3 S\
- ' i - * 8111 length dependended on panel dimensions

e t 0.153 & 0.153 plywoodstxips used for this Size

.
A
~

The di'f'.fusing elements in the tooms as described earlier donsist of a

B

rotating vane ‘and stationary diffusers of which two sets of panel_s are
located in room A and fm’lr panels in room B. The arrangement of the
'stationary‘.and rotating diffusers is illizstrated in Fig. 2.6. The
rotating diffuser consists of eight trapezoidal plyvood panels coated

with polyurethane to avoid high frequency absorption, and fastened to

L1

support’ rods comnected togthe central shaf « The diffuser rotates

»

with a speed of 30 rpm. The sandwich panefs are made of a.50.8mm thick

core sourrounded by S50.8 x 50. 8mm pine. Aluminium sheets, 0.635mm
thick, were glued to each panel face. The dimensions of the panels are
' : - i

1.83 x 0.61 meters, Sets were made, for ease of placement, by

connecting three panels together with aluminum I-beanms.

The loudspeakers are situated at the corner of each room where

the maximum possible room modes will be excited.

) L}
» For each type of panel and panel size a series of tests was

performed for each mounting orientation. Mounting orientation implies

.
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side only. Thus vh? speaking of "mounting orientation is in room A"
it shall be understéod that the niche is present. on the side of room B
énly. | | o o .
- |\ '

The tests were carried out accordiné to the following set up:

<

. , )
a) The panel was mounted in the frame ; '

~N

and b) Two 0.153m plywood strips were attached together and

mounted to form the sizé 1 sill effect. o .

-

With the abct;ire selt—up two tests w;.are performed, one with
diffusers (diffusers on) and one without (diffusers off). For
"diffusers on" the (\conditions' were that statlonary diffusers were
angled  and the; rotating diffuser was on. "Diffusers off”™ had
stationary diffusers on floor and rotating diffuser off. With i:hese !

two testing configurations a comparison can be made on the "effect of ¢ '
\ : -

»

. .
the amount of diffusing elements .on the measured transmission loss.

o '

The same tests were repeated for the size 2 sill eféect. Again, tests
vere repeated with o sill conditioms. "I'h;.xs six tests in all were
carried out with and withouﬂt s-illls. The next two tests, to .,complete -
the set., were carried out by exchanging receiving rooms and mea'suring‘
SPL's wigh and without diffusers and with no sill conditipms. Fig. 2.7

11lustrates the exper,imenE;I set up for the panels mounted in room A -

o

and in room B. A li'sting of the tests 1is presented in Appendix B. A
ﬂ 7

total of 144 TL measurements were made.

2.4 . MOUNTING ‘ .

) ‘ * - )

All pa)nels were Inbtalled in a wniform fashion to avoid the n

/ »

effects of bbund'ar} conditions affecting results and in a/«manner as

. D
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- %
similar as possible to actual construction methods. The mounting of

s ,the panels shown in Fig. 2.8 is as follows:

a) 4 angle bars were screwed on the sides of the aperture
b) Reather stripping 19.05mm wide was placed around the
perimeter of the apperture over the angle bars and one
6.35 mm was placed perpendicular to it.
¢) The panel was mounted In place witﬁ 19.Q$ mn- weather
' stripping placed around its perimeter.

d) All edges were sealed with caulking compound. )
e) 4 ;néle bars were placed Zgainst the panél and screwed on
the sides of the apperture to completg the mbunting.

f) Gyprock joints where larger panels were used were seaI;d
and taped

' . /
The sill was screwed in place on the angle bars around the panel edges

ks

)ql . -

and 1its .corners were sealed with putty.

2.5 ABSORPTION IN-RECEIVING ROOM (REVERBERATION PROGRAM)

' The reverberation program (Appendix A) was set up to measure
the rate of decay of sound and thus calculate the amount of absorption

present ' in the receiving room for each test condition. Measurements
AY -

*

were made +1n one third octave bands with centre freqﬁgncies from 100 to
5000 Hz. . v ‘ - o ,

\, s

' Measurements of the decay- rate were taken for each frequency

‘band to satisfy. the precision requirements as set up by ASTM C 423 (15)

- rhich specifies 95% confidence in uncertainties of measured values of

absorption. The percent df uncertainty for the two frequency ranges as

spetified {s shown in Table 2.3.

30
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Frequency (Hz)

1/3 O&tave Centre

Uncertainty
%

Bélow 250
250 and above

-

less than &
7l less than 2

TABIE 2.3 Uncertaiﬂty'tange for
measured values of absorption

For each band the standard deQiation is calculated from

=002 (o, - D}
Cy=1 9

where SD = standard deviation , dB

éj = individuval measurement, dB

from which the confidence 1limits are found - from the following

n
i-1 ¢
j=1

afA

expression: ,

" J+ axsD

C

where a=1.96 * ﬂ_

/

N

:

N

dj= aQerage value of n measurements, dB

.

gredter than 25(1§)

(¥

l

(2.2)

= Students 't-distribution for observationms

(2.1)

Fifty rate of decay measurements were taken for each 1/3-octave

frequency band. The microphone was-positioned at the top end of the

-

—

32
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tr;verse and the noise source was turned on long enough for the sound
pressure level in the room to re;ch a steady’ state (N 3 sec). .The
signal was.theg turned off and the decay rate measured, gtarting at é,((
sound’pressure lével 5 dB below the level with the sound source onm,

/

" either for a 30 dB decay or to a polnt 10 dB above the background
level, whichever‘ occured first. The average decay rate for 'éhe 50 *
decays was then calculated. The absorption of the room was found from

Ao = 0.921 Vd/c (2.3.)

where A, = sound absorption in the receiving room, metric sabins

V = room volume, o3 - . '
c = speed of ;sound, m/s

d = ;/Td = rate of decay, dB/s

where R = range of decay measured; dB

Tq

average time for the decay range, s
The average absorption values were then used in the transmission loss

‘calculations.

A

2.6 SOUND TRANSMISSION LOSS OF THE TEST PANEL (TL PROGRAM)

The noise reduction (N¥R) 4n 1/3 octave bands, ie., the
difference between the space-time average sound pressuré levels in the
source room and the receiving room, was measured.- The term 'space-time
average' 1indicates that a microphone sampled the reverberant .field,
moving along a 3-meter traverse in an average time of 32 seconds, tq -
-permit an accurate estimate of the time-average sound pressure level in

each room.



-

Prior to sound pressure level meaaureﬁent;, the background
level in the receivipg room had to “be determiﬁed to ensure that
readings were not affected by instrume;t, flectrical or other
extraneoﬁs noises. Where the background level was found to be within

10 dB of the total level due to signal and background then corrections

v

had to be made on the receiving room sound pressue levels. The
‘equation for correction is a simple subtrqgtion of decibel levels given

as:

-

L_/10 L,/10

Lee =10 10g (10 °%  —10° ), (2.4)

-

\
-~

where Ler = corfected sound pressure level for background dB

LR = Sound pressure level in the receiving room due to

background and signal, dB '

-

‘

LB = gound pressure level in the receiving room due to

background, dB

s

o
©

Measurements where the background level was within 5 dB of the total

. leveigwere treated as invalid.

As in the. decay rate measurements, a sufficient number of
measuremen;;of‘tﬁe NR is required to meet thé 95% c;nfidence‘limits on
the TL. The limits are presented in Table 2.4, Calculation of the
standard deviation and the confidence limits é%e performed in a similar

manner to that presénted in Section 2.5 through use of Egqs. 2.1 and 2.2

where d 1s substituted for p since pressure-levels were measured.

34
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1/3 octave Centre Maximum Acceptable
Breq. (Hz) " Deviatfon (dB)
‘ 125 and 160 + 3
L - 200 and 250 + 2
© .| 315 to 4000 +1
. Table 2.4 95X Confidence Limits on

Transmission loss measurements

Thirty. (30) sound pressure reédings for each room measured were
made 'In each frequency band. For each test the microphone completes
its sampling by moving along a 3 meter traverse for 32 seconds. The
space t;ime average sound pressure measured 1in each room 1is thgn
converted int;cl’ a pressure level by applying the decibel scale: !

3

SPL = 20 log (p/py) - dB : (2.5)

o

where p is the space - time average sound pressure, uPa
v ‘ _ :
Po 1s the reference pressure = 20 pPa
The SPL in the receiving room is compared to the ba\ckgro,und ievel to

assure that the difference between levels is greater than 10 dB

otherwise thescorrection must be applied through Eq. 2.4. Finally, -

knowing the absorption in the receiving room, Ap, the panel surfate
area, S, and the noise reduction, NR, the transmission loss- is
calculated for the -panel in question by use of Eq. 1.2. which states

I

that the TL = MR + 10 log (S/Ap)-

35
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The test results along with an analysis and discussion are

presented in the following chapters.

2.7 POSSIBLE SOURCES OF MEASUREMENT ERROR

Errors in measured SPL values could have resulted from imé;Oper
sealing of panel perimeter (notably for frequencies—above 4600'Hz vhere
the TL curve decreases sharﬁiy), from improper "sealing wheré, banels
were joined, or from noise generated by tﬁé mic/traverse mechanism at
at the end of -each microphone 3 meter traverse. If the microphone comp-<
letéd its 3 meter trave{Fe before the 32 second averaging on the éPL

~

then the anélyzer processed the noise of the mechanism as well.

»
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. ANALYSIS OF TEST RESULTS ' L
N . AN

3.1  INTRODUCTION

section can be calculated by summing the area weighted energies
{4ransmitted through each section. Since by definition TL = 10 log (% )

where T (the transmission coefficient) is the fraction of randomly

incident acoustic intensity that is /transmitted bz a given ‘element,
then ,

Do (3.1) .
where T, transmission coefficient of the composite structure
\ Se

~ L N

“  measured. The transmission loss of the panel alone was found by use of

Eq. 3.1, through *

TLp = 101og [ L ]
S, -TL./10 S. ~TL_/10 (3.2)
R R R -
. 10 - — 10 .
P Sp
+ where TLp = TL of panel, dB

TL, =4IL of composite wall, dB

TLR = TL of reference wall, dB

)

. . " l f

,
,
.

37.
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S! = surface area of composite wall, m2 - e
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A

Sp = surface area of panel, n2 o

SR = ~SC'-S'i; = Surface area of composite ‘wall less surface area

of panel, m2
q
Y . ’,
0f the 144 transmission loss tests conducted in the
\

transmission suite at CBS during this investigation only 72 cases will
™
be orted here. Data when sills were introduced as a parameter

e;ffecting the transmission loss of a wall are discussed in Reference

(16). The chart- in Fig. 3t 1 indicates the types of tests performed on

the three materials.\ Results obtained for the reference wall are

\ )

\

available in Appendix C.

L PR )
From Ei;. 1.8, the Schroeder Cut-off Frequency '
o Teos .
fe,s= 1200 (M ) (1.8)

.~

is calculated for room A in the 250 Hz Band, vwhere the modal overlap is

\

given e value 3 and the reverberation time is averaged at f.S-

seconds. Room B. is found to have its room cut.off ;t about 400 Hz..

¥

The coiﬁcidence frequency of the three panel materials can be

calculated f'rom( 17) :

,Cz : ’ . ) \
{ @ fc = E;T- pS/K’ , Bl (303)

L

where pg; = mass of the material, Kg/m2

B = Eh3/12 = the bending stiffness per unit .width of the

panel, N-m which has a value for glass of 704 |N-m and

737 N-m for gyprock f& panel thicknesses used in this study.

4
Properties of the materials are given in Table 3.1.

v
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TABLE 3.1 Material Properties

40

4]

. '
(L (2) (3) (4) | (5) | (&) )
v .
\ Ex 1010} oo |hx1072} T c Ps ‘fo, Hz
Material | N/m? Kg/m3 m °c |w/s |Kg/m? (Eq. 3.4)
Class 3.3 2500 | . .635 |21.1 |344.5| 16.1 | - - 2856
Gyprock 0.22 650 1.59 21.1 }344.5|12.68" 2483
- Afr 1.21 21.1 }344.5
(1) Youngs Modulus of the panel material . 1
(2) Density of the material _ .
(3) Thickness of the material ‘ . .
(4)_.Average Room temperature \’ o ,
(5) Speed of sound in air
" (6) Mass of material g
(7) Critical frequency of the material 7 ' .

4
)
The effects on the measured transmission loss when the rtoom
. N e t
parameters are varied will be discussed in the following sections where
the transmission loss results are divided into three frequency regions
for ease of analysis. ' These three regions are: the frequency ra’nge‘

above coincidence (or critical frequency), between coincidence and room

cut-off, and the range below the room cut-off. The frequency range of R
. S‘ Iy
interest which shall be dealt with here includes frequehcies from 125 ,'I
b3

'Y .
Hz to 5000 Hz.

-

included in the figures, the analysis excludes them as being out of the

Even though readings at 100 Hz were measured and are

"range of interest of this study.

t

)
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3.2 VARYING PANEL AREA : Co

v
/

Table 3.2 is a tabular summary of the .tests for each panel

1
material as a function of the varying  panel areas and constant

~

room'parame\;ers. When impossible fo represlnt particular spectrum

|

characteristic through the.table, figures will be ré\ferted to. For
instance, Table 3.2 (a) does not indicate thﬁt betiween 1600 Hz and 2500

Hz the measured transmission loss of panel/.size is higher than that
. o # ,

of panel size 3. Fig. 3.2 however, clearly shows /the differences.
. / .

/ ' [3

3.2.1 Double Gyprock Panels

4

The meisured coincidence (critical frequ fr'lcy) for the double
\

gyprock panels occurs at 2500 Hz as was calculat‘?ed\'. When the critical

frequencies of single panels are identical, ‘then incident sound waves
! /

and panel bending waves ’reinforce eacb“\ o.ther, which results in a large

dip in the transmission loss curve/,‘/ ie. the trat\'nsmission of sound

increases. Fig. 3.2 shows that panel .,size 3 has‘ a large dip whereas

that of pan.el size 2 is shallow'and panel size 1 exhibits a somewhat
. |

’ brqad,;shallow dip. Such result;lcan be ;attributed in ‘the case 0fa.

panel size 1, to the small‘area that is tested where the entrapped air'

can behave as a stiffness element 1increasing the transmiss8ion loss.

Other parameters that can have an /effect on the length| of the dip shall
J ,

.

be. discussed later.

According to Reference/s (10) and (18) the TL of a wa11/
increases with increasing radiétion area below coincidence. 1In Table

/ .
3.2 the results indicate that fthis is not always true for the double

&
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gyprock panels.” In two cases, (a) and (b), panel 3 has the highest TL
Usually panel

but in the other twd, (c) and (d), it has the lowest TL.
size 2 has the lowest measured TL. ‘This variation is possible due to

panel construction since panel 1 was a single plece of gyprock cut from

a larger panel whereas due to their sizes, panels 2 and 3 were sized

N

Because panel size 3 was made up of two equal panels it most 1likely

0

and cut from two gyprock panels and joined as discussed in Chapter II.
: ~—
responded more as a single panel than did -panel size 2 which was made

up of two unequal panels.
In the double gyprock construction of panel size 2 it was.not

\
]

noted whether the joint of the first panel ®pin ided with the jofnt of
If the joints coincided then the panels would most
hppanel

E A
ide then eac

*

the second panel.
likely vibrate as omne whereas 1f they did not coin

would vibrate independently increasing the measured TL. Thus it is not

u
3

possible to determine whether some room parameter or the panel
configuration is creating the variations mentioned above.

.,

Below the room cut-off frequency, paﬁel size 1 dips ak the 160
Before the second dip

Hz and 250. Hz bands which indicates resoné&ce.
occurs”khe TL of this panel usually 1ndféases well above the TL of
T

3
panel sizes 2 and 3 as shown in Fig. 3.2.
e ad ) ‘,\

:3.2,2. Gyprock_Panels.
The critical frequency of gyprock paﬁeis is calcu}atéd to be

2506 Hz. Comﬁaring Figs.» 3.3, 3.4, 3.5 and 3.6 it 1s found that the
The critical

critical frequency for the same magerial varies.



]

frequency of a,partition depends on fts mdss and stiffness. . Noting the

differing coincidence dip measured it could be said that the Youngs

. -~ LN

modulus for the material waried for the panels tested. But as the

“panels were all from similar gypsum board the Youngs wmodulus should

have been the same and since for one of the configurations all panels
had the critical frequen'cy occuring at 2500 Hz then some room

parameterﬂ seems to be affecting the frequency t{here the'oretically,/
i

coinc idemﬁa should occur.

-

Frgm Tabﬁé 3.2 1t is clear that panel size 1 has the highest TL
above the cut—off frequency and the lowEst TE below the cut—off. Panel

sizes 2 and 3 usually have a similar TL. Again the results are not in

¢

agreemént’“with theory as was the case for the double gyprock panels.

. A comparison of the measured transmission loss with the mass
il A s

law theory, Fig. 3.7, shows “that there are differences between the
3
curves particularly at the lower frequencies where the curves lie above’

@the mass law.’ Because adequate instruments were not av%:].lable to

) measure the mass of. the test yanels the V¥lue of\n was assumed in the

calculation of the mass law. Thus, even though experimental and

theoretical values tend tp agree, the fact still remalns t:ha‘{Ei the mass
law cur\'-;;’ﬂight have eit;:r an upward or a downward shift depending on
At;\e actuallvalue of m. If the mass of .the panel is higher than that
assun;o then the measured TL of the panels will be in better agreemept

with th ‘ma%s law at the lower frequencies.

L

~N.
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3.2.3 . Glass Panels '

-

From Eq. 3.4, the critical frequency of glass was calculated to

be ~ 2800 Hz. This indicates, when considering 1/3 octave bandwidths,

that the measured critical frequency will occur either in the 2500 Hz

or 3150 Hz band. Fig. 3.8 shows that panel size 1 dips at 3150 Hz
' v
whereas the critical frequencies of panel sizes 2 and 3 occur at 2500

Hz. Similar, results are obtained when mounting orientation, diffusing
. . 2 .
conditions and room difensions are varied.

€

Above the cut-off frequency, panel size 1 usually has the,

highest TL whereas size 2 has the lowest TL. Below thé cut-off size 1

-

has the lowest 'i'L,'w’nereas size 3 has the highest TL. In Fig. 3.9 the

-

v
mass law curve is compared to. the measured TL and depicts a similar
]
pattern at the lower frequencies as ' that obtained for the gyprock
panels.. Here only panel size 1 is in.closer agreement with the mass

a

law theory.

3.2.4 PANEL AREA VARIATION AND ITS EFFECT ON TL |

b

From the previous sections, in reference to \the graphs and
table, it is ’evident that when fhe panel area of a specific material is
va;ied,- tﬁe’ TL either increases or decreases depending on the
particular parameters; of a specific case. It should also be noted tﬁat
when the panel area is varied there seems to be a‘change in the
measured critical frequency of some of the panel materials under test.
The wvalue of‘ the critical frequency decreases when panel thickness and

material gtiffness is increased, and increases with increasing material

~3

b4



3.3 ° VARYING ROOM VOLUME

v -

(19)

density but should not be dependent on panel area. The glass

panels considered, as well as the gyprock f)anel s, which show an
increase in f. from that of calculated values, have non—-varying
material properties, except for change in the panel area, thus the

coincidence frequency should not have been affected and it 'will be seen

later that .this change is a function of mounting position.
- - - 7

’

Tables 3.3 and 3.4 present in tabular form the TL of each ’panell

material tested a? .a function of varying room dimensions with constant

room pdrameters. Table 3.3 represents results when mounting

orientation is in room B and Table 3.4 when mOuh‘ting‘ orientation 1is in,

N

room A. , !

°
e

3.3.1 Double Gyprock Panels ,™S—_

.
\ ~
\ =

Above the critical frequenC};-dthe. TL 1s generally similar

whether A or B act as receiying ‘'rooms which 1is 1in agreement with

theory., Below the room cut-off the TL is lower when A is receiving and
this can be directly attributed to the small volume of rroom B and 1its
fewer characteristic frequenciesl. At low frequencles t/:he chgnces that
the sound pressure level will be made up of simultaneously excited
vibrational modes 1s- less, lsince there are fewer modes whose
'distributilon in frequency space 1s not uniform. Thus transmission

through the panel due to resonance will be higher.

r

-
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Between the cut-off freqixencj and coincidence dip #t 1is noted

.that the TL is slightly higher when B 1s the receiving room and

mounting orientation of the panels {s in room A. Thus the TL is not
only dependent on volume 1in this frequenc& region, but to mounting

orientation as well. At 1600 Hz (refer to Fig. 3.2) ‘the curve of panel

size 1 always peaks above the other curves when room B'is receiving.

The difference between curves 1s usually anywhere from 4 dB to 12 d4B.-

A probable‘and most likely explanation of this -increase in TL in the

1600 Hz band is that the sound pressure level in the receiving room
£

(due -to source plus background) was ‘within 1 to 5 dB of the background
level aloné. This resulted in a higher NR thus a peak in the TL curve
at that frequency band. This problem was encountered in the earlier

experiments for the double gyﬁrock panels when partition size 1 was

lfested, and corrections were made om.subsequent testing.

o
‘ -

<
3.3.2 Gyprock Panels - . .

~

The TL results of gyprock panels, when comparing variation of

room dimensions, are of a similar nature to results of double gyprock
/ .

. panels.

3.3.3. Glass Panelé 5

From the tables the TL results of glass panels are again noted

to be similar to those of double and single gyprock panels.

e
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3.3.4 ROOM VOLUME AND ITS EFFECT ON THE MEASURED IL

-

.When receiving room dimensions are varied the results generally
indicate that in the frequencf range between room cut—off and 5000 Hz
the TL is slightly higher when the receiving room has small dimensions,
ie. when B is the recelving room. Above the céincidence dip the TL is

usually similar whether A or B act as receiving rooms but below the

cut-off frequency the TL is higher when B, is receiving.

The number of modes present in a room is directly dependent on
the volume of the room. ~To achieve an adequate number of room modes
the minimum room volume should be 4)A° for a- band centred ot the lowest
frequency of interest and as was previously discussed, volumes down to
22 are .‘acceptable . As well as meeting the .above requirement,
room A 'has .low frequency absorptive treatment to further broaden the
modal response, and a rotating vane to increase (zliffusion. The
reverberation time is higher: than that measured in troom B and t;he sound

pressure levels observed throughout the room have spatial variations

within %1 dB

To calculate the TL three measurements are required. The first
is the absorption in the receiving 1‘00[1\1 and the second 1s the SPL in
the receiving room. The last measurement needed is the SPL in the

source room . TL is dependent on the absorption and o the SPL in the

receiving room, and to obtain reliable data the characteristics of the

receiving room should be those defined above.  Thus ’measurements made
when room A 1is the receiving room will be sta\tistlcally more reliable
whereas those made when room B 1s the receiving room should be

approached with care.
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3.4 DIFFUSING CONDITIONS

Tables 3.5 through 3.8 represent the TL of each panel material
tested as a function of the amount of diffusion preser?t in the room

when the other room parameters are kept constant.

*3.4.1 Doublé Gyprock Panels

Results are similar with and without diffusers as indicated in

Tables 3.5 to 3.8. From Figs. 3.10 aqd 3.11 slight differences are

noéed below the room cut-off. An explanation of how the diffusing

conditionsx‘in the room were achieved is ’giveﬁ in Section 2. 3. Since

room B had only stationary diffusers then 1its diffusing conditions were

N eigher diffﬁsers on or diffusers off. This however, was not the case
>

for room A which had a rotating diffuser. When it was turmned off it

vstill acted as a diffuser - a stationary diffuser - sané it was- not
possible to remove it from the room. The differences therefore between

room A and room B should occur at the lower friquencies where the modal

density is higher for room A than B.

. v

- The results obtained agree with theory, in that at the higher

frequencies there is a sufficient number of modes which are evenly

(

spaced 1in frequency reducing to an acceptable minimum the spatial
variations in the sound pressure level throughout the rooms. At the
lower frequencies where additional diffusion is needed this does not

LY
occuy. But it should be kept Iin mind that the differences in results

occur below the cut-off frequency of the room where the reverberant .

. ,
‘ .
‘ ’ .‘*
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- sound field' cannot be considered reliable for the room volumes

considered herein, without the use of diffusing elements. o

?
’

3.4.2 Gyprock .Panels

As in the double gyprock panels where the TL 1s generally
similar ;ith and without diffugers, the single gyprqck panels have TL
results which ;re frequently in agreement with comments made in Section
3.4.1 regarding double gyprock panel results. Figs. 3.12 and 3.13
shew the two TL curves and the differences that usually occur at the
low frequencies. In Fig. 3.14 the measured TL is slightly higher, but
with differences of not more than 2 dB when there are no diffusing
elements in.the rooms. This occurs only for the small size panel when
mounting orientation is in room A and B is the receiving room.

N - 4

3.4.3 " Glass Panels

Here again, except for two parameter conditions, ‘the remarks of

double gyprock panels apply for glass panels as 1is evident from Tables

3.5 to 3.8 and Fig. 3.15. o ‘

~

The two parameter conditions where results differ are shown in
Figh. 3.16 and 3.17, where the TL is higher when ther; are‘no diffusing
elements in the roomsias 1s the case for size 1 of the single gyprock
panels. The maximum difference be tweens curv;s is 4 dB for frequencies

below the critical frequenéy.
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3.4.4 Diffusing Conditions and Effects on Measured TL

K

When the panels are testéd with diffusion present in both rooms
and -the measured results are compared for similar testing conditions
without diffusion in thgrooms, the differenf:es in the TL is seen to be
very slight for frequencies above the cut-off frequency for most
panels, -which tends to agree well with theoretical observations of room
characteristics. Below the cut—-off frequency the results are unstable,
when room A is receiving no clear trends are evident, while when room B

is receiving the measured TL is higher when the diffusing elements are

~
» ~

AN
present especially evident when mounting orientatio&f" is in i’o\om A.
- \\

3.5 MOUNTING ORIENTATION OF PANELS > :

.

" Tables 3.9 and 3.10 represent the TL of each panel material
tested as a function of the two mounting orientations with remaining

room parameters kept\c)mstant .

3.5.1 Double Gyprock Panels, ‘ ' N

The results obtained when comparing  the same panel area
but varying the wounting orientation, indicate that mount}ing
orientation has "an effect on the measured TL . " Whereas in
most re|su1ts obtained the measured TL when mou_nti[ng is in room A is
similar to that when mour;ting is in room IB», Figs. 3.18 and 3.19
demonstrate the large differences that occur at the mid frequencies

(below coincidence). Panel size 3 has a higher TL when wmounting

orientation is in room A, from Fig. 3.18, and panel size 2, shown .iImn

\Y | o
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Fig. 3.19 has a much higher .TL when mounting orientation is in room B.
As well, t!(e panel displays a large dip when mounted in B compared to a

very shallow dip when mounted in A, as discussed in Section 3.2.1

~
i

3.5.2 Gyprock Panels

The ‘only large differences between the two curves as shown iIn
Fig. 3.?0 occurs at ‘the f:riti‘cal frequ'ency of the gyprock panel. When
mounting otientation is in room A the .coincidence dip is deeper by as
much as 7 dB than that of the shallow dip measured when nlxounting

orientation.is in room B. Panel sizes 1 and 2 seem to be affected by

v

mounting position at their critical frequencies in that the dips occur

at different frequencies degeﬁding on mounting orientation.

For panel size 1 when m0u§ting orientation 1s in room A
the dip “occurs at 3150 Hz and when mounting orientation is in room B
the dip occurs at 2500 Hz. The opposite is true for panel size 2, none

* -

the less it appears to be a characteristic of the mounting orientation.
o

3.5.3 Glass Pefqels ’

The glass panels tested here are not significantly affected by

mounting ‘oqier{tation, for frequencies between room cut-off and

. coincidence, with only panel size 3 displaying a slightly higher TL,

when the panel is oriented in room B. At frequencies above. coincidence
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the TL is slight'ly higher when mounting orfentation is in room B as
&hown in Figure 3.21. Below the rloom cut-off the panels generally
digplay I“fsults (Table 3.9 and 3.10) where size 3 has slightly higher
TL values whén ﬁ;ounting is in room B. Sizes 1 and 2 display sligr.xtly
higher TL values when mounting orientation is in room A and when B is

the receiving room.

. 1
3.5.4  PANEL ORIENTATION AND ITS EFFECT ON THE MEASURED TL

\

\ .
Large differences iIn transmission’ loss between mounting

orientations were nl)ied particulerly in the two larger double gyprock
panel sizes. Smaller differences are seen for single gyprock panels.
These results do not agree with \Goselgzo) where it ié found that a
niche on the transmitting side decreases the transmission loss. But
‘the results do agree with those found by Kihlman am% Nilsscm(a) whe;e a
niche on the r‘eceiving room side gives higher trausmission loss values.
* Thus, ;s is generally found to happen 1in these tests, when A is the
receiving" room and when the pan_el mounting oriﬁntat"ion’ is in room B,

the measured transmission loss ' is slightly higher than when thé panel

mounting orientation 1s in room A.

Another effect, shown for the gyprock panels size 1 and \2, is

the shift in the measured coincidence frequency as a result of mounting

N

orientation.
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3.6°  DISCUSSION . .

s

From the e.xpe\rimental‘ results tt;e TL of the pan?ls
foupd to not only depend on material properties and edge conditiohs of
the panel but as well pn panel' size and room parameters. The/ most
significz;nt effects are noticed when the panel surface area 1s varied,
and when the mounti orientation and source room dimensions are
changed. Diffusing conditions’ create va}rigtions in the TL of | panels
usually at the low frequencies but have little effect at frequencies
above the room cuvt-off, which {s to be expected sirlté:e diffusion/is

mostly required at the low frequencies where fewer modes exist.

a

Most of the differences in TL results noted for the test panels

* occur at and above coincidence and at the low frequencies, below room

cut-off, with the exception of changing panel dimensions which also

affected the mid frequency region. . -

A major _ result of varying parameters that affect the

transmission loss is noted for glass and single gyprock panels where

-

mounting orientation and panel size increase the measured critical

frequency of the materials. If the loss factor for the pamel is kunown,

‘,(determined through reverberation measurements) the .predicted

(19)

transmission loss of the panels‘can be calculated from

1

vhere TLo = 20 log "(wps/zpc) = TL for sound waves incident normal t
. ) the panel

\

TL = TLo, + 10 log (2nf/mf) for £>f_ (3.4)
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o

. = loss factor of tﬁe panel

f. = calculated critical frequency, Hz
f = frequency of int:.erest, Hz

0; = angular frequency = 2rf, Hz

P. = mass of the panel, kg/m2

as a check on agreement between theoretical and measured transmission ¥
loss results for frequencies greater than the critical frequency.
Since the parnel loss factor was not obtained, its value was assumed from

tables on material properties(lg’ 17)

and t:he~ necessary calculations
made indicated that the measurgd results agreed quite well’with theory
for frequencies above the critical frequency of the material. ‘
The I;anel loss fattors that we;:e used in the calculations of the . &
mass law were 0.012 for gyprock(lg) #and ~0.006 for glass(”)‘.

Comparison between results obtained in this facility and other test .

facilities indicate the following trends: -
1) A nich can affect the measured TL of a wall especially :for fre-
quencies below coincidence, as reported by Kihlman & Wilsson(3)
. in the TL results obtaitned at five participating laboratories.
As 'well, Gosele(20) and others(23) report a definite effeét on
the measured TL when a nich is present.

v : 2) The measured TL is generally larger than that ;;redicted by the
mass law as reported by Kihlman & Nilsson(3) and Utley(zz). The
results obtained here agree with the above statement. /

3) Above coincidence the TL is independent of panel dimensions.but
for low frequencies the TL decreas;es with increasing area. and
for high frequencies it increases with increasing area. Such re-

sults are found to be in accordance with those in the literature



except for varying opinion conceming the forced transmis-~ ,/ C . .
: ]
I

(10,12,18)

sion In (10) the forced transmiss:Lon is assumed

independent of panel area whereas Sewell(lz) reports the ob—

posite. In this study it was found that the forced vibrat;'f.on -~

'

dominated for low frequencies thus the TL decreased with in—

creasing panel area at low frequencies. \ ‘ ;
' i

4) For frequencies above goincidence results indicate good agre-
| N ,
ement between labs and room geometry is found not to affect ol |

{
ttne TL, whereas below coincidence the variations are larger - -

|
in agreement with theory. ‘ ‘Il

3.7 SYMBOLS USED IN THE TABLES

h : ~

I : Above coincidence frequency ' i
iI : Between coinzidence and cut~off frequency / l c
III : -Below cut-off frequency ) / S N

a: : Less than 1.5dB difference between TL curves (similar h)

b : 1.5 to 3dB difference batween TL curves (slightly higﬁer TL)

ST

c : 3 to 5B difference between TL curves (higher TL) j i
d : More than SdB difference between TL curves (much high'er TL) /
v ¢ Indicates: for which parameter the TL is highest and Lhe dif- /
fenence ({) ¢, or d) between the higher TL and lower TL
X : "Indicates for which parameter the TL is lowest, and ;:he differ~
ences.{(b,c, or d) ‘between the 1ov’vest TL and next hig;iiest TL
s : Indicates similar TL , ‘ ‘,/
S/ : * Indicates similar TL between two curves but KHigher/ TL than tf\e
third curve
. ; > ~
Sx Indic%tes similgr TL between two curves but lower/TL than the ,

R

third/ curve . | .

-
'
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FIG. 3.2 TL FOR DOUBLE BYPROCK PANELS, WITH DIFFUSERS,
MOUNTED IN ROOM A, ROOM A SOURCE. '
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4.1 CONCLUSIONS,” . LT — o
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™~ T
; R

kFrom the results that are obtained coﬁce;ning the measured
% [ - s ’ / N

\

tfansmission loss of pane]ﬁé when mounting conditions are Kept (_:/onstant'.

~

the following conclusions can be made:

N

b

a) Frequencies- abover colncidence - ' >

The tradsmission lgss of 'a panel 1s largely independent of

diffusing conditions and room dimensions, whi}:h is in agreement with \\
theory, but i{s found to deépend on panel area (not\ in agreement with

previous I}terature). Mounting orie“r;tat'ion‘is f(;und to have a stight
" effect on the tran_smissif)n loss of g.lass p\anels But ‘t:o*t on the
gyprocK panels indicating a“direct relation between panel material
and moun.ting orientationfand their effecn;, on" transmission lossl.’ SN

/
b) Frequencies between coincidence and r?om cut off

-

$ The transmission loss in this feg%on \is found to be independent

.

‘of diffusing. conditions which is in agregnient- with theory. A

- a ] M )
- deperidence on mounting orientatlon is note\\ especially for ' the double

- S . ~
. gyprock panels. C

v

# s ‘. ‘. "y N
When panel dimensions are varied, it is evident from the

~

\l\ .

results that the TL 1s affected, that each matérial acts in a different

manner and that only _panel size 2 depicts a trend, in. that, f:or‘ almost
- . ° 4

. . N ! ' . . .
~ every case it has the lowest measured TL. . R : :

L]

/n
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2T ey /‘_'r B

i

.

~

\

-~ ) ’ «
£ : = h >
N
N o ,
T~ i The test results for, double gyprock panels, .show that the °

'larger panel.(size 3) has a higher TL, which is in agreement with

\ T 3) - -~
previous literature(3), but. this is true only when mounting orientation

~
e

is in room A. Also, at Higher frequencles (below colncidence), the

medium sized panel (size"2) has a lower TL than the smallest panel

A3 «

1
(size 1) which disagrees with reported findings. When mounting .

l orfentation 1s in room B, panel size 3 has the lowest megsured TL,

“

‘\Schroeder cut-off.

©

>

whfhh'again disagrees witﬁ~othgr\3bcumented Eesulés, ﬁut shows - that the
“h ’

¢

-

paﬁel is dependant on mounting'bosition. As discussed in the analysis

. .
chapter ;hése variations .are.related to panél construction.

A ' . . 2

c) Frequenéies below the room cut—off
~ In.iﬁisff}equency région,-as expected, all parameters

f

thebry. " In~the low frequencies the least dependence is, found when.

L
mounting orientation is varied. S

24

It should he kept in.minq, however, that in this frequency’

" fange the measurements cannot be relied upon since the reverberant

,sound fleld is usually considered statistically unreliable below the

¢

7&) Critical Frequency <
' !

The measured critical frequency: of the mgte;iélé seems to be

dependent on two parameters; mounting orientation and'panel :

*imensions. Whereas varying the panel area does nd; affect the

, ~
.

wm

. .
" - . -

$

frequency at which coincidence dccurs, it does affect the depth of the

‘introduced have an éffect on the measured TL which { in agreement with

. dip.. Mounting orientation 'causes s shift in the critical frequency of

i

..‘E\‘



El
S
N f
. -
e
-
|
&

gyprock panels.’
. \\ €

~—

Lo ‘From‘comp;;iSOn of the results it is found thattthe variation-

in eritical frequency that occurs far, the glass panels cannot be

éiplained.

- v

o ,
4.2 GUIDELINES -

~ ' -
~ .

reported differences between Laboratories on tests of similar panels.

4 ' . . - \ “
s N N - . |
Certain guidelines will have to be. set in order to achieve

T

minimum differepces between results of laboratorid n measuring the °

A4

TL of panels.  These guidelines should ‘inclpd' he reporting of .
. ~ o 0 . 4

v

conditions present i a test room in order to correct the data.

accordingly when comparisons or anélysis.of results from a number of

laboratories have to be_ made. Tﬁe ad justment in results will have’ to

: be ﬁade through'a:cogrectiop factor oh'the transmission loss equation.
- , . ’ ) ) i 3 . ,
To quantify the correction factor further investigations are required.
. A .. S )
: L ¥ ' i
_ When preparing reports the® following should also be included:

i) the size of panel used and 1ts 1internal loss factor
. . (damping), determined. from decay measurements when excitation
o N N [y . . . v

by a shaker gttaéhed on thé panel is abruptly terminated. .

~
* )

11)  the receiving rogg dimensions and its -absorption determined

£

from reverberation measuremerits.

. . .
. P .
. . ~ .
N
« - * ~ -
PN . ~ .

1

‘l‘



EN

111) the diffuseness 'of the sound’ field. in .the room investigated
as pér ASTM C 423;
iv) the qunting orientation or th? position‘of fhé paﬁgl betweeﬁ
. the two rooms with respect to the receiving room. ‘
v) the microphone positions or sweeﬁ relative to rooﬁ boundariéé
vi) the mounting conditions of the panel ' |
" wil) ‘the éourcg pasition _
4.3 .° RECOMMENDATIONS FOR FUTURE RESEARé&

In view of the.behaviour of the measured transmission loss of’

1

H

kY

‘the panels, the following recommendations are suggested for future

research:

a)

b).

 sufficfent data from which -approbriéte normalization

‘A similar invgstfghtion in other 1laboratories’ to gather.

-

procedufés can be derived s that TL measurements between'
1aboratorigsAcan be made to agree.

)
.

4\‘
c. Vo, T . ! IR L
Measurement of the TL of pan'ls‘ in field conditions’ and
- . s

-

comparison or correlation between laboratory and field

~ ' ' N

S
|

results..

1]

L »

A comparison of the meagufed TL of Jlarger sizéd panels with

the smaller panelé tested. . .-

An investigation of the performance of the rotating diffuser

+

‘and its effec§ on diffusion in the reverberation chamber.

.
.
\ ~ »

.
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0‘ du G[lB]vB[lS];BSBI?]vU[lBJ;N%[b]:SG[iJ:US[S]

REVERBERATION PROGRAMN

t ° PN

11 dia PCA5,18],X[181,0Q018]

21 dim A$L6615),Y[18,2018),D$180]

3t dis R3[11,T8L22,U8C21,5018], TC18]/L 1 .
4 100}3[1]7125)‘!{2]1100}31[3];200)9[4]vLSO}ULS]y315}U[6]v400)U[7]

-l SOO'}H[811630}U[9]9800)8[10]:1000&[11]rl”SO}HH?J:lé(}O}U[HJ

& 2000}\![14112500}H[15];3150}UIIKJ 40000T173750003WC18] -
7: wrt 717:'08N K7Ly duait 100:1c1 7iwail 1000 :

8! 1} ‘1neut’ . . .
94 13U c .. -
104 cll ‘set’(h ) -
11} Ts[iy stn,z].bso (10+10nua(U$i2uL]):}U ' .
12¢ buf "in*yR$s3

130 cll 'lin’ )

14! B3[13442 80])4\&[1»147] -

1@: for I=i {0 18ival(ASC7I-6»7IDITLI dinext I

3 el 7iwaat 3000 :

478 urt 7175 W Yivait 1000 o Ce e

18 Ty N _ . L :

" 20 F$[134: 80]}A$[1114r] s

20 far I=1 to leal(ﬁS[?I-é;?I])}L[I] L *
a2 lf L[I]\WWS}L[IJ ’ T »

25 wrt 717:Us3watt 5041cl

26} wrt 7177'04'§uaxt 5000

2N for R=1 .

28 dsp R . -

29: cll ’tme

30! for <=1 to 18ifor J=1 to 4511474715000 X4 623Y,
38 (val(A!EX:YJ;/10:+F[J~IJ:9£J; Jinext. Jinext 1. S

R-12F -

35 far 1=t 1o 18ifor J=T to ABIN0I-S042LKIDDY
“ 3 10108 (PLIII/RIIPLIITD ,

I ne¢t Jinekt ] . .
384 for I=lto i3 : ) , s ‘ -
391 ORILICHIDEIN s B L : )

408 for K=5 .40 43 !

413 if PIK IS TIIiato 47 , E

oo A28 if PLKHIMSATIIT or FORHE :IJ)T[IJ?;to LY

434 1f gEKvIKL{I]rsto 49

- ﬁS.’.HPLK:IJ}HyH 06251N}£»E+ bé QSNMF[K&}
.- 463 CHPIKSII"2XCiD4L, 96"5XN)”2,D

514 (C-K2/N-BR(E-MEL/N) )/ ((N-293(D-L"2/N))
524 B 2XBLITT-BIXCI ANV T2K-N-1220 146351

o~o~é~’o-a~&o~o-o~
CO~F O~ LN Bolad B bt O

2 rext b . ' S

48 fud B

49% (E- W*L/N)/(D*L"“/N)}B

503 it B-=030¥%01d58t0 35 -

- )

533 <if K=44343-N-132(11] , - L2 .
544 196*\3[1]/()([1]1»\”}5(1] ) ] '

- 998 mext 1
56.‘U+1}U

57% erﬁ ent 1 to, dxsrlas spectra’ yrlyxf ri= hcl] 'dxsplas' g ,
i e ‘
3 get 'tISet' 00" Co e T . ,
; nd ! ™ B . N . ) . .(L/}
LU e 0 -
: urt 717.15:uaxt { S ,
: ret . . SN .
: 'tne" ‘ : o C . g
i cl Zivait 5000 . . . v
‘for Jel to 45 - . .

. -

24 cl. 7maxt 100»1:11 nuaxt 100 - ' : x

33! next R . o ' -
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+1043
10&).
106'
1878
OB
10
110'
111d
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113'
1144
115‘
Tt
' ¢
i
119}
120¢

ok

1238

wet 7170 K7

. Jar rds(*in)4-1
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but 'in® won
tr 216:'in'302 -, |

L]
-

it -J=Sires 7

urt M7 Es o L 7 Lt

vail ,01838 C A !
BSC134520000ASL1470-146914703 K - . :
next J : . ) ;"o
ret At B oo '
'1n'} N S L

it U=l ar U=0iU-11y e

clr 7usit SQicli 7iuait 50- L . .

1f Us-liwrt 71737¢3wait S07sto 84

wrd 71785021 50 . : o '
if Us-1ilel 7iwait 5000 4 - R L
wrt 717)'070iL7 et ’GOO o A L
wri 717;'E7‘;ua.n 100 N ' K

puf ‘int

tfr 718 "in Y300 ~ )

Jap pds('iAt)e- - e )

wrt 717E=" iwgil 100 e

urd 77,0703 ' g ‘ -

rém 7 ot . T

if y=-1i2ry \ ! ;7 -

ret B$ - Y :

‘disrleg’s o C -

i)

W l-1iste 99 .
YRUTHINT \ i
elr Fiwart S00icli 7hwait 500 . : .

wrt 217p'FAJ . ) . o R
at Lifz5.1 ! ‘ ' S ‘
urt 716,1,V-10 . . o oo
if I=0+1] . + ~ . N
if 1=19i18F1 . - o
for J=1 to 425urt /lbdl!PLJ Isinent J

fxd Otdse *TINZAYIS T'vU[AJr Hi,'ihg-1
for J=1 to L[I;-Urt P17yt deant Shines J

for K=l to 3 i

if Z[IJ+Y[IJ)30'c1’ ‘tup’iaty 113 : - .
for J=1 4o YLIG-1iwrt 717 Dtimpit S00rast Jiweld S00 ' 4
for J=1 to YLIl~1jurt. 117;‘07‘yual, Shinznt Jidait 300

next K
dsp "USE F2 § F3 FOR OTHER TIMEAX'”'vstP >
gtu 99 . . : - N R
lcn‘r .
ret ) '
't-lO” v
for K=1 to S
Tor k=1 to 29 1t13urt 7179°D0“5wait So;next H
wrt 717s° 00
for k=1 to ZLI4YIII-30iurt 717,13 iva1t 5C#next Uiweitl SC0
for W=t to ZLIIHYLI3-30iwrt 717, "UT susit S0¢next ¥ -
urt 717,007°
for Y=l to 29-2013kwrd 71707 hwait Sb,next kiwait 300
next K
ret .
*ineut'! 1 . ) ‘
asdn 'ABSDRT'!I:O:X ‘

getk '
gsr ;Chk%BRhTE t INItIhLIZE SYSTEM"suait 1007beeriste
at
ent ‘TEST TITLE'!DGyurt 4,408 |
wib Ar103uth 4410 -
ent ‘RECIEVING RDOM VOLUME H™2°+H o
enit "SQURCE ROD4 A or B*»S$ 4
1 ent TEST PANEL AREA'»G

»
l

Al g AT N B[RS RV R t ¢ x w Y e
e e

'
[
wrtom e

-

137 ~ent, *FINAL 5TORAGE FILE®sN$ b v o o
*138!ent *TEMP, IN DEG F'/F B . P
137¢ ent *DATE MM/DL/YY'WVS . o S .

. 0 ot JréxrcSs2xec8 |
41 dsp "source roon':Skivait 1000 .
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144} ent *CAL LEVEL RECPT ROOM®,P : o, C AR . -
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’%472 AT T TR
}gt fat 1rxs't of ‘decays'if5.1 ’ O L ’ S
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157% +S213HAXCI1/AXACT] . - °
1581 +1613H/OCITD6LIY
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. . .
- ~

dsp 'tttTRANSHISimN LOSS TESTaxx* 7
dis B3(3183,C8(81,DSEB0],N80121sNSLA),0%L1)sR$LLDs 55[11115[2]:%[18]
din AL1B1»RL181:CL481,DL18)+EL18]4FL182,6018]sHI18)sJC18»18]yL 18] s
"dia ‘JIIBMElS]yQ[lB);R[lBJvS[lBJyT[lS]:X[IS);YEISJ,U[SO:18110[30;1&] .
4} tiles ABSDATHR *
54 sread 1iAiTiC8r08+58 N8 »SeADR] -
- &% dsp "INITIALIZE TRAVERSE*iste .
. 7% if, S$="A'ifor K2l to 91ilc) 7ivail .Olyren 7inext Hiusit 3000 . . e
B if S$='A'ifor H=l to 91ilcl 7iwait JGliren 7inent Niwait 5000 .
9: if S¢="A'ifor el to 71ilc] 7iwaat Glirex Zinest H .
10 if S$="R*ifor M=1 to Biilcl 7iuait .0firen Tireut K
11 if a<Cidto 13 .
) ~12§ A-C}Eisto 14 d

C-A2G -
143 1003FL11i12 J)F["]lléO}F[:]vZOO‘F['?]IQS?"F[S];HS r[é]MOO}FCIJ
154 S00XFIE)i4307F1975B003FL1015 1000 E1135125007L12)316003F 0132
}9? gogo}F[H%?:ﬁsoo}'[15]!3150)”16] 4000}“17]13000}”151

] N 183y 2

3} .
194 wrl 717, 'CENTLOH? " bwait 1000 , //”.
201 dse. "SET" S '
A5 urt 717N aait 500 . .
220 cll 'TRAVRS'jwait 4C00 T
234 o1l 'SPL FEADdwait 200 . ¢ ‘ /o
244 for =1 to 183LLSIYRLJTinent J !
21 if wxlifor J=i to .arr.i'B[J])B[.:]rne‘d J /
26 wait. 320005uait 5000 /
i for L=1 t0 2 S , _
284 if L=2icl] ‘STRAYRS' _ . - :
290 wrt up'BaN"L;!‘?'walt 1000 . T

3 af Letile] Ziurt 2N et S06ists 3 - 7 . .
‘ fiol Tiuet 7170 "M iward §09 . o
330 for H=1 toA

SIS frc(H/g)=Oiuait 2000i8t0 38 - Lo e
- v 350 wait 5000 . . K
.36} ell. ’mnk'”' . . . o
© 374 lel Ziwait 4000 i ! .
381 cll 'SPL READ'jwait 100 ) ) . T
394 if L=Didio 44 — ) . : .
.- AO) for J=1 1o 1B )
411 1f ROJI-BLUT 30ieto 43 o .
. 20 ¢l “BaGR’ ‘ : : ‘ T

RLINIH JTinext, J - e S
SCIINCH Jiinext J g

'c.aro-‘é
b Ao

o 18}
¢ 184
J

rex 7-
49} dse ‘ST;«TS.CALDUL"TION for 30 TESTS®
.v«fornxtuh‘ ' .o
© Bl if Helifor J=1 42 3@H0XCLJNELIRGT I RIIIIRTTinek t J o +
52 for J=1 {c 18 ' .
33 H[HyJJ-kLH:JJ}NEa] INLJI23TLA] .
341 if aLJ1=010)50J)ietn S6 , : s
hirH NtJ]+1010§(S/ﬂ[J])}S[J] o -
© 96% next J . .
TN - - v
58 for J=1 to 18 , " ‘ .
a9} CLJIHEn"(V[H»J2/20)3C0J]
- 80t ELJIHtn™(WEH J2/200)3ELJD
61v OLJINLIDGLLY , .
423 DLJIFSTUIMIIY
: .635 RLJIIHTLINOLA

tJ -, - .

834 next H : : " :

.. 68 for Jot ta’1 o S .
6N Olos(CCJ]/N)}C[ 11201 ole[Jl/N)}EtJ]'

. 888 BLJIANGLINIDLIIAGDEY
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. o 70% for H=1 to'N / T . - ,

- 4t H-hfor J=1 to 1BIOMXTJINYTIdinent J ¥ a : . ~

728 for J=1 to0 18 T . .
o ' 733 X[JJitn” (b[H.JJ/iO)}X[Jl B /
“ . 740 YLIRT (d(H:J]/lO)}Y[J] . .
731 next J . ,
- 78% next H g h o .o E

T 77¢ for J=1 to 18 ” ‘ ' . -, e

- 788 \UXLJI-Netn™(CLJ1/100 ) /7 (N-1) 3K LJY . . .

T 794 NUOYLSI-NRtn™{ETJI/101)/(N-103310dD . o -
i 80% next J N Co

i for J=1 to.
‘ 82 20109(1+X[J]/tn (CEJ]/EO))}X[J]
; , 831 201og(14Y[J1/4n"(ELJ1/20))3YLI) . RN .
843 \((QLJI-NIGLJII"2)/(N-1332BLA ‘ ’ . o .
- 85 next J : . ’ ) Ty
o 84: cll ‘Conflis’ , . . . . ‘ . '
. 874 far J=1 to I8 . ) ‘
- 88 H[JJ/C[JJUOU}I\[J]vJ[J]/E[u]XlOO}P[JJ . '
sl gz‘ L[J]/G[J]HOC}R[JJ P
= ) Y if Nf=303c11 ‘2PRINT! o - . v . ‘
. 92 oren k147 Lo o ‘ I
931 assn Nir2y0eX ! o . - ) T, N ‘
-~ _94 fad lich . ) ‘
. RN 99 sert 2 ~hShS!kd]rB[X]vU[XI‘vBTU'Ci . .
i L Féi wrt 1.1:N$ ‘ S
4 "97% dsp N : Ce - ‘ . .
78} eng ) ’ C ' . R i . .
?' 'SrT” . DR . - -
+ for 1=33 ta 53-116 I}Ip'N"TSL&"],mer(l)}Ti[E;E} . g Lo
L . 1014 wrt 717»7tivait 2000i @' IR$iupd 717 R3iyait 2000 ' '
’ oo ’ 1020 red 717:Riteait SO0 X N
. ‘ 1030 if nuniRei=edisto 105 . ‘ '
1043 114-D31irext 1 . ‘ ‘ -

\ . ‘ rel - . . o

L 104 'SFL REAL': o ‘ . -

. © o 107) dep “BACHGROUND® , ' S : . :

168 1f L=lidss *PS2E1VING ROOK - TE3T #'4H ' R ' gt

1094 1f L=2jdse 'ICLYCE ROOM - TEST 4'+h s - £

. CL 101 wet - 712970l it 200 . . ’ i ‘ Y .

. K 1115 wrt 717,85 H M0 : : . S . c ,

. : 112} wrt 71738814313 5005 red 717-&a o . R R
co 7o L1f Te2itiwe 2 . _ , '

e
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s
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Vurt 7 7; tivait 200 T : . - : . - o .-
s buf ! ' ' R PR ; o,
117% tfr 7169'~n 1302 - L L . - . : - :
Voame rds(Panti$-1 - . : : S o .
{owrt, 7175 %E=viwart 200 ' o ' .
¢ for =1 4o muns(PSh2"~k7J}‘<-M6})}L[J] S .o :
203 if L=ULLJRAL Thgto 123 S , T .
122 1f L—uL[Jg}D[JJ!"tD 124 . Lo ' " : .
1234 if ALCIESRLIRCddiate 125
1240 1f 4<Cibtsls ]}SLJusto 125 S
) gz:?ei«t.) ) ) ' . /
. . 1267 te C . : ) ' . e
|y 1274 *BAGR"! SN o N c , ,
‘ I B V2 1 3 1§ R[JJ\-BLJHHJDR[J]NDP 2 , . ' .
}2%3 ioios(tn {§(J1710)~tn" (BtJ]/lO))}n[J] . . ' - ,
: . v ire » S C <
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- . 1324 1. 6/\‘4}11 A . , ) ' o o
133 for J=i 1018 C S L " .
vif X[JJ-Oysta 136 - RN o o -
1358 DIXLJIIIHIID . o oL o . -
¢t YDJ3=0ists 138 - o e ‘
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148} fat 9)11f10,4 '
149% wrtrd.4 0 . .o ' .
150% wrt 4,2/ 'DATESANCS - X .
. 1313 wrt 4.4 v ;
. 1523 wrt 40018 . L
' ) 153 urt 4.4 < ' . ’ ’
154} wrt 4.60'H =% o . '
: 0 1558 wrt 4.4
\ , 1564 wrt 4,7, 'FREQ®, *TL*" Nﬁ"»'Sn' "E‘ ‘As'r'Ss'v'ZE' ‘APtet Syt XET
.o 157} wrt 4.8, " (Hz)'y '(dB)‘ *{cB}'y' '(dB)' '(dB)' v 'l::B)‘ *{dp)*
' g © 198 wrt 4.4°
e 139! for J=1 to
160 wrt 4, ?1F[J]!D[J]!N[J]1B{d3!R[J]'E[J]rY[ I]sP{J]yC[J]mJL“’J]
* 1615 next 4 ) o
182} wrt 44 :
* 1630 urt 4.4 .
S 1443 ret
' 165% *TRAVRS'! '
) 1661 for h=1 {o 61ilcl Tiwart .Ohren 7inext ¥ .
1671 ret P : (
1488 'STRﬁUR"‘“ - )
- 169 for H=1 to 913lcl 7iuait .Oin‘em Jingut ¥ .}
L 70t wait 5000 .
¢ 71t for #=1 to 9itlcl 7iwsit O0lirem 7inzat ¥ -
1728 wait 5000
| 1738 if S¢='B'ifor M=l to Blilel Zwait/.Cliren 7ineit M
: i;gi 1ftSS='A' for Bt to 71 lcl 7iuartr Oliven 7inext M
: N 416656 R .
3 ’ \ . . . ’
- {\\‘ .
. N ~
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674
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"

Lo At

«pm L Ln

' cll Aaais (0:2111)

. ) .

N ot
TR, TR :““!

]

. Uy

dsp *SPECTRUN ANALYSIS OF TL’s"wait 1000

dsp 'CORRECT D$1u5(23$24l‘ACCORDINGLY' sip

ent 'ND. of CURVES?

din N§L&1)14801s sst401,ss[1J,A£193,5 183948

dia FL18T1ASC41rBSCATIESCAT +SCCs 180, C3L0VS0Ds

din CC182)DC18T/KCI8TsLL1BI s FELE]

$n}, 'HLE NAME ' sN3 7 3sdn NhlyOrX .
1188

e b 1isread 1,ns.ss.s,nrxa.sf

pré [dispc

-

01 if C=ligto 23

snle"ILE RANE® sM$ 3asdn H3»2+00X
1les X

3ssn M$s2isieall 2,04 :Si:A:B[tJ;HEt]
eri Ddispc

if C=23dte 23

ent SFILE NAKZ'yLG7asdn LEe3000)
fiies X

asdn L$:3rsread IsD6y5%s Ry CLXM- L

REFESENCE PANEL FILE nanr',rs,a-sn
files X
3sdn Férdicread 4y 0654 akixDLIN]

ent

‘TL FOR Ih :Rm.] PANELSy WITHID.TZ 2IFFUSERSs
% LA/8)y ROOH [4/3) GILRIZ, 308

OUNTED
for I=1 to C
if I=13*0.54 sa.
if 1=25'2,12 s,
if 1=31%3.93 so
next 1
for I=1 to 18 oo
LOIMI0Yos{L/RLIFVILIIT =
GLIHI0dos(L/ALIDIIGIIIIE C=114ls 3
KEIM1CTos I B 233RITf C=tisto 3
.‘:::Tlu;o_‘ul/bglll l“.IJ :
next I

;eter'}tith
neters' JUS Y]
seters'}3L13

[
RN

for J=1 tc-if e : .
JL I -LLJ1100 13681

if GLSISLLITOIELSI5at0 39 .
10104(1/ {0/5R10" (~504)/10) - ( 60-8) /5
if KLJIPLLJIT0ME J2%et0 43

(OPIE DE QUALITEE INFERIEURE

TRANSHISSION

-
F$ 14 00X "l"‘

. )
o LY h \‘
.

© A7

LOSS  C-ALCULATION ~

.
1, Ld
P,y PN e :

o ' -
- b

% [18] H[1811L$[6]
s

» !
N

A}

s a . S v

¢ f
- 1

i

0log(17 (ALY IEL/I0)- -/ 0n-LITAO ML o,

1f DLIBLLYi03EEJ3 58t 43

10io4{17 (1/80207 -D[JJIIO) =({0-p /I-;IO“( LLJ]/JO)))}YI[ i S

next J

for I=1 1o 1B

1f C=1SB[I}}S[1rI]

if C=2i6L1: }CZIyI]vh[I]}S[’bI] .

if C=33GLI2XSIy H[I]}S( :I]y[l[Il}SIS;I)
next 1 .

cll ‘pds’ (i1rils5, 514.5 !

100} 103 1‘5‘:([23?1c0)FE33;200)”429:§C¥F
SO0 IBII430IFLT TS8O0 L1027 100037 (1434

"000):[143: '."‘)'f153,3150}F£16MCCO:F‘217,,3

ell ‘uenis (Gr14315:10:5)buaiL 900

Ve

} 3it 50 '

1”5 )M ',230" )B4 .500'}E$
forS ={ to 3 o
flt 1vc4 ‘ ‘ . '

243112
cll Nablxx’(-2:2912)
next & \
93r! . .
for J=11 to 19:by 3 . o
ot 1S Cez ! B
£J3/1000}1 ,
rit3irl

cll ’lablx (- W) RS
next

TBIUDFLEB00FI :
SS0MFL12)116003FL13) oo .
iSCACIFL18] . . .
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v o698 wrt 70417292 r Co o S e y 2
708 wrt 704211A!B . . . : - . v i
o 71‘ cll ‘space (10)-cll ‘skip/(3)iurt 70412 'FREQUENCY (kHz)* ‘ L
© 720 for Ist 40 C . ‘ . : o
. IR 73. for J={ to 18 T . . - C 5o
) 4 if J=liwrt 70421,A4(J41) U)ri 8-101“[1. 3xV3r2isto 81 ) . T PR ‘
o ' . 75‘ if I=1 and 8[1,J1=0igto S i
o '\{ J=tiurd 704”0m+(J+1)¥U}r1;8-10+€:hJ]W}msto 81 v < L :
- [=2 and S[2yJ)=Cigto 84 ) o ' S ' :
’ 78‘ it I=2iwrt 70420:A+(J+1) Uyr1sB- lO+SE4:J]iv}rusta Bl :
79% if 1=3 and S[3,J1=0idto ]
. 803 1f I=35wrt, 70420,AH(J11)RUMr1sB-10 SEZ 1% r29s‘.o 81
v, B13 1f I=licll ‘sausre’(rlyrd) L o
' .o B2 if I=2¢cll "tri’(rler2) . - 3
83} if I=3icll ‘dim’(r1sr2) K - - 3 ' N
B4} next J . Lo . ) o . . ;
85 next I ‘ ‘ ) - . g .
6% wait 3000 . ‘ .
870 wrt 70421008 . ,
882 wrt 70425190 * ’ : g
B#l far I=1 ta Jiwth /O412v111naxt I . . .
. 908 wrt 70412, *TRANSHISSION LDSS (div* < , . o o8
C : c 91t wrt 70407 . - - ’ : -
o o2 wt /04211A-ou+4a-6)13+45 . : o
c - 9 urt 20417,1,792.2 - . ‘ -
. <« 9AL wrt 70412, 'TRANSMIBSION LOSS {dkyt , :
! : 95¢ wrt 70421 ﬁr?O‘Y"‘n‘lM - *
, 983 1f u-lrcll ore' \
o §7¢ if C=2icll ‘two’
98; if C'39c11 "three’
' 994 wrta7 042y A-63, B33
' . ‘00. fat .;in.O;h..lu - . .
v o ‘...'L i 0 fi101017.1 . - : . '
10 Tat JofieGrf8. 1efa 1ifo 10z - A
‘ ‘03' for J#1 {0 13 : ‘ . ' A ’
. 1043 wrt 7042114512
R U+ 1f C=1jurt 704...1;F[J] S
T 106) 1f C=25wrl 70415, 7yFLJ3s5¢
lf C 3’»”‘\. JO‘IAsv.'FlJJ!qL

, iy ’omm 03K B-18)Y ' . : o .
o 1100 urt 70431475 Y40 durt 704120 LEGENDT  ° o ~ A ' ]
> : 111} for ‘1=t to L?ler(C![il)}E[I inent I ’ . S o 3.
o112 mex(ECED) 0 ' . . \ '
113} wrt 70421 x. & o
114} urt 70430141841, 70: Viwrt: 704200 mm.:a,v 3c 300 ‘ .
1350 wrt 70420:%:Y-3C-25amt 7o4ﬂol,x, A . j
1161 if C=1jcll ‘di’ \ ’ o - . 3

117! 30 C=2sell "2’ . , ‘ ~ < : - :

118! 1 C=3icll '3’ S
S 119Y wrt 20407 ‘ ) .

C o 1200 wrt 70421 0A-15,B-40 \ . o o
- 1211 wrt 20410,T8 . - 7
: 1220 wrt 70421)4-35,E-43 ‘ ~ AR

D

3
1
T Ve

el b

2O R R TTI REN

+ ~ .

R . R - ;
“rm_ = .

nIhheilzrl .- . . ‘

WLSELNG . - 1

1230 urt 7041258
124} end
. 1250 Tpge’s | »
RS 1250 (s3/71)1503} (p4/52) 100X B L ‘
. 1274 ret - :
CT AR waxis's ‘ . -
1990 (150emk2op1 120 - \
- 130 wrt 70A2LnptU Brart 0420, 5018

Y43
oL 132} wrt 704210p%Biurt 70420499, k-1 Y .
1130 e94pdUde? . oL : B :
134 i P9(P2|)Mr!tq -2 D o co . '
; ES: if p1=0jdto +6 . < o :
. | A~p3}F9
o= 13 'xf‘ r?(plll{Mst +4 i ,
TT 138) wet 70421sp%rBidrt 70420989 H ) . . oL cY
139! s9-p3U3e9 i : = o ' . : A
03 it P9>'91U+ersto -2 e , : , . .
1 urt 704215AYB . o ) . . :
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Jiges
b

~
1

4 . \ :
4 . . 14213303 - L , e
2 : Co ., 1430 AXeY , . .
o o 144} #94p3UNRY
b . . 145! wrt 70421199r‘hurt 704207?9 -2
K ) . g 1441 if p9<p2UtAsgt0 -

. 1470 ret *
148} ‘uyaxis'!
149. fat 1982,002

© 150) p4XH

‘/' . , 151. (100~B)/(r2-p1)}VirdViR}Z i .
SO . ig%. \Ba;t970421:m?1'}+3wrt 704"07&!100 ) !
1043 wrt 720820 ArPSiurt 708200A1069 1 0 .
. 159% for Y=1 {04 . .
. " 1561 wtb 704121, G next Y .-
) 1970 wet 704120 - . c .
™~ : N < 1388 p94r3V3PY . e
. © 1594 if P9<ZiHteSHiato -5 ‘ . .
1401 if n-o-sto 15 , e .
1613 B-p3V}r% ' : '
1634 urt 704214189 Furt’ 70420+ A+1yP9 , R
1831 9-pIV3E9 o N )
: 164 if p9>=plViBisto -2 - o wo
. R 1654 wrt 70421450 . . . . )
: 1662 ret : - :
+ 1877 *lably®! Lt
1683 "wrt. 704211 Amu'a ' o o
1698 o1l ‘srage’ (#D)iell 51'19'(92) -, . o
- 1704 wrt 70412,1,1 . . R PR :
171t ret . . ', tos o . .
1728 'lablax's ' . C L Gt e
co 173. yrt 704211R+PQU73 - T - -
-~ » . v 1740 cll ‘seaze’iel)icll ‘skie’ (P”) Lo ' ’
) 175¢ 1 G=1iurt 704121008
- 178 if G=2rwrt 7\:41..01)Bi

G

© 1788 ret' : o, C,
] 1794 *space’’t . ‘ S
' . 180% if pi¢=0idto 42 oo e
N : 181‘ vt 70412¢307dep 2((p1- I}PII‘O) e R
' . 1821 wip 70412 vErJnP (PHI}PI)'O oL, . oy
- ©OIB3 relh N : ' e
. 1840 .Sklp" - . . N ] ) .
Vit {*1{01 +2 co ‘ . '
186‘ Wthb70412+104 jor "((pl 1ret)= 9_6 . ) .
187! wib 70412:27:16:4&? (PIH}PI.- . o
1884 ret T . .
169% *saugrels - C . Y
coo o 1900 wrt- 70421561 451?”4' 45 ,
Nt 191wk 7042008 104505 2-0 455wt 7(‘»4%»1’: 4‘uf . :

193 wrt 704"1;?1:?2 ' . ‘.
194% ret : ’ , SN . s
1950 ltrll‘ . . N '
© 196 wrt 70421:?19? +.45 :
o 1978 wrt 70420;?“.47:?2-.4‘& 704"0;?11.47,#« .4 e
198} wrt 704201e1rm2t.4 .
1991 wrt 70421vp10p2 - o . S
AR AT S TR
202} wri 704211811924 45 ' -y
2034 wrt 704201p1-445sr21urt 70420:?1!?2‘045 P .
204} wrt 78420;91+.45»92»urt 7042019 11P24045 e ‘
205. urt 704215p1r52 o
206500t . . R SR oo
2074 'di1*s L AN
© 2088 wrt 704211X+3}r1 Y-i)rz . o s
2094 1l ‘sauare! (r1r12)iurt 70420n1+10}r1m y
210 ell ’'sausre’{rlsirdy ‘ .
2113 wrt 7042m1+3n2mrt 70412;[25[1] . \
2! l'it . RN N
2133 'd2"3 L oL _
3148 ol *et’ ' ' o ' - g

\l‘

| TR L2/ B B e T EEEEREC

. 1921 wrt 704201p1+, 450924 455wtk 70420,91—.».,92 S

o N - = - .
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. %i%: wnrt 704"1:1‘1{'3' r2iurt 704121C3[2] . 4
1 . o Lo i
2208 1l ‘d2’ i P o . 1
2201 WRridy-9r2 ; +
222% c1l 'dim’(risr2)jwrt 70420»rl+10}r1n2yc11 'dm {r1yr2 ) , : ;
2238 wrt 70421, r143s r25urt 7041..:85[3] .
‘2243 ret . o S .
. 225% ‘one't - : 2 .
2261 urt 70421v)(+7»‘1n.r‘t 704121'FRE0 IHz)" " N . [,
227} cll 'sauare (XK’»&.S: . ) }
228} ret ‘ i
2294 % ‘ , o
230% urt 704?11X*3»Yrurt 70412 'FRED.(H:)‘ ) . , !
/ -~ 2314 €11 "sausre’ (X+28sY1) ’ . 7 .
- 232 cll 'tn'(X+39r.5:Y+1)ep ' b L '
o . ' 233: ret " . . [ -
o _234% *laree*) ' . X , . .
J 239) wrt /04 lvﬂ'ermrt 70412:'FREQ.\h - . RS
K 238 cll ‘sauare’ (X+21:Y41) . -7 .
S C 2378 oll ‘trit(XE3LTHD). : ' - . . .
. 233¢ oIl ‘ddie’ (XrdleYH1Y . . . . ’ . \ o o P I
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151005 reference pane] raf receiving with diffusers
- 157006 -referefice panel rob receiving with diffusers
151007 reference panel reA receivind without diffusers.

_ 157008 reference ranel. reB receiving without diffusers

£54009 29in dlass ind roA receiving with diffusers
ts8010 29in.<l3ss 1nA roB Teceiving with diffusers

. tst011 29in dlass :nd red receiving without diffusers

-1st012 29in dlass ind ok receivird without diffusers
. 51017 29in gur 1nA red recelvind withoul diffusers
t5t018 2%1n g9p 1nA roB recelving witheul diffusers’
tst02t 29ir dur 12in baffle ind with diffusers

. 154022 29in a¢e 12in baffle-ind without diffusers
51023 2910 3ue bin taffle inA without diffusers
154024 [9:n $up oap baffle inA with diffusers

154025 Z9an ssF 10 rab recelving with diffisers
tst026 29in ese ind raft receiving with diffusers

o 1st02B 29in glasc ifin baffle ind withoud diffusers
© 1std29 29in slazs din beffle ind without Wiffusers
tst030 29in slass 61n.baffle inA with-diffusers

1st031 29in 2usue {2in Daffle 'inA without diffusers

. t5t032 251 2ser 12imbaffle 1nA-with diffuser
51033 25:n Diade bun baffle inA with diffusers -

ts1034 2%in Ixgwr éin baffle ind without aiffusers’

154030 2Pin 2xdwe 1rA roock recievind without diffusers
. 151036 M9in 2neye irh. poouk recerving without daffusers

tst017 2Man. 2udve 104 roorh recelving with giffusers

tstid8 29in Zugus 104 reoth resieving with-diffusers ~°

£5t03? 29in glszs ilin baffle | in Fouithoul diffusers
- 45t040 29in sless idin.baffle 1nB with diffugers
tst041.29in slass bin baffle ink with diffusers
151042 291n dlass sin baffle ind without diffusers
{51043 251n dlass ink rob receiving without diffusers

teti44 291n dless Ink reA receiving withoud dngusers'

> tst045 2%in dlsss ink roond recelving with diffusers
tstlhds 29in dlasé ink reA rec with diff.-avs vals only

tet047 ‘291in gue 12:n paffle inP without diffusers -

tst048 291n dye 12in bDaffle 1nB with diffusers’
£51049 2%:n gur dinbaffle inB with diffusers

“tst050 27in 4up 4in baffle inP without diffusers .
tst051 29in aur inE ccotd receivind without diffusers

+55092°29:n_dus ink rconB receiving withoub diffusers

tst053 29im sur inb roosA teceiving with diffusers .
* 45t054_2%in sup :cE roonB receiving with ciffusers .

£s4055,39in ugue 12in baffle ink with diffusers

. ,t53056‘29/in 2uggr 1210 baffle ink without diffusers
L tstd57 Z9in xssx sir baffile inB withoul oiffusefs
154059 29in 2xgse ind roB receivind with diffusers
510607291 dep_inB roond receivind with diffusers
tst041 29in 2xdup’ 1nB reank receivind withoul diffusers

454082 39in 2udur ink rocch receiving without diffusers

foLtve s
\]

tst027 2910 21s3s 121n baffle inA with diffusers

151098 291n Zugsr 610 paffle ind with diffusers -

‘¥



S e e Ry S T

N

e
i

SRR G
.
B

PTG, Wt Aty B+ 1M TR T
¥ g = x

e

*

Lo ;P(ggr;Empv ; ' i

‘ ’ DE OJALITEE INFE?IEURE
. ';",,‘, . ': s a0 ,'... T' - ) ) : R ]

B

b
N . R T . LB 4
, 150463 tst063 - 80in dlass 12in baffle ind without dl%fuser
’ {st044 . C - tst064 80in glass 12in baffie ind with d1ffusers .
K N Ast063 . £5t065, 6010 dlass 41n baffle 1nd with diffusers . ...
. tst0sd . tst044 &0in dlass éin baffle inA without diffusers -
1st047 tst067 40in glass ind roond recerving without, diffusers .
151048 {st068 80in dlass inA roomB recelving without diffusers - -
tstogy -~ . tst049 40in ¢lass ind roorB receiving with diffusers
. t5t070 14070 60in glass 1nA roosd receivind with diffusers . -~ .
154071 . $54071 80in dup 12in baffle ind withoul diffusers x
tst072 ‘ © 4st072 eOincgwp 12an baffle inh with diffusers - . -
LN Cbst073 ¢ - L 154073 80in gur 4in baffle ird with diffusers
" oo T tst074 T tst074 §01n gur é1n taffle 1n A withoul dilfusers
JSR ‘ 15073 +1st073 &0indur ind roord recelvind without diffusers
- ' 15074 . . tst076 &0in dur 1nd rcA receiving without ditfusers
s - tst077 : t5£077°402r gvr 1A ~md recelving with diffusers
o ., tst078 s t5t078 401rn gue ird_rel receiving witn c. {fusers
o, S tst079 - o tst079 adin 2usyr 121n baffle inA with. diffusers
R 15t080 t53080 &0in 2xdwe {2in baffle inA without diffusers
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