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1.0 In t r oduct io n

A new acous t i c  t e s t  f a c i l i t y  has j u s t  been completed by Bolstad 
Engineering Assoc ia tes  Ltd. a t  6720 - 30 S t . ,  Edmonton, Alber ta .  The 
f a c i l i t y ,  c o n s i s t i n g  e s s e n t i a l l y  o f  a p a i r  of re v e rb e ra t io n  rooms with 
a s s o c ia t ed  e l e c t r o n i c  in s t rum en ta t ion ,  i s  the  f i r s t  f u l l  s ca le  acous t i ca l  
t e s t  f a c i l i t y  in Western Canada.

The purpose of  t h i s  a r t i c l e  i s  to de sc r ibe  the eva lua t i on  of  
t h i s  f a c i l i t y  f o r  making l ab o ra to ry  measurements of  sound abso rp t ion ,  
sound t ransmiss ion  loss  and sound power.

2.0 Descr ip t ion of  Test F a c i l i t y

The t e s t  f a c i l i t y  which has been descr ibed in the  preceeding 
a r t i c l e  (see Figure 1) c o n s i s t s  of two ad jo in in g  reve rb e ra t io n  rooms, 
which can be l inked  through a common opening. The la rg e  re v e rb e ra t io n  
room has i n t e r i o r  f l o o r  dimensions o f  28'4" x 22'4" with a he ight  of  
17'4" while the small rooms dimensions are  25'8" x 20'4" x 15 '4" .  Sus
pended randomly throughout  these  rooms are  d i f f u s i n g  devices  co n s i s t i n g  
of  s l i g h t l y  curved 4' x 8' x 3/8" th ic k  plywood panel s ,  the l a rge  room 
having e ig h t  while the smal le r  one has s i x .  A 9 '0"  wide x 8 '0 "  high 
t e s t  opening l i n k s  the two rooms to accommodate wal ls  fo r  t r ansmiss ion 
los s  measurements. When not  in use the  t e s t  opening is  sealed  with a 
f i l  1er plug wal1.

Both r ev e rb e ra t io n  rooms u t i l i z e  a s i m i l a r  microphone system. 
By means of  a r o t a t i n g  boom driven by the roof-mounted dr ive  system the 
microphone is  capable  of  t r a v e r s i n g  a c i r c l e  10 f e e t  in d iameter  in a 
plane in c l in ed  a t  5° with the h o r i z o n ta l .

The ins t rumenta t ion  used in conjunct ion with th ese  rooms is  
shown sche mat i ca l ly  in Figure 1. Normally one loudspeaker  assembly was 
used and i t  i s  p laced on the f l o o r  near  a t r i h e d r a l  co rner .
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3.0 Evaluation of  F a c i l i t y  fo r  Measurement of  Sound Absorption

The most important  s tandards  fo r  la b o ra to ry  measurement of  
sound absorp t ion  have come from the In te rn a t io n a l  Organizat ion fo r  
S tanda rd iza t ion  (ISO) and American Society fo r  Tes t ing and Mater ia ls  
(ASTM). Of i n t e r e s t  a re  the fol lowing documents:

(1) ISO Recommendation R354 (1963) "Measurement of  Absorption
C o e f f i c i e n t s  in a Reverberat ion Room"

(2) ASTM C423-66 (Reapproved 1972) "Standard Method of  Test
fo r  Sound Absorption of Acoustical  Mater ia ls  in Reverberat ion
Rooms".

Measurement of  sound absorp t ion  by t h i s  method is  based on 
rev e rb e ra t io n  theory ,  the key hypothesis  being t h a t  the sound f i e l d  must 
be d i f f u s e  and the room su rface  be t h e re fo re  exposed to an assembly of 
waves from a l l  angles  of  inc idence .  To achieve good d i f f u s io n  the 
s tandards agree q u i t e  c lo se ly  t h a t  c e r t a i n  condi t ions  must be met in 
c luding l i v e n e s s ,  s i ze  of  rooms, shape,  d i f f u s in g  devices  and p rec i s ion  
of  measurements.

To insure  l i v e n e s s ,  ISO recommends t h a t  the r eve rbe ra t ion  
times o f  the empty room should exceed c e r t a i n  va lu es ,  these values vary
ing with room volume as given below:

125 250 500 lk 2k 4k Hz ,
6 .0  6 .0  6.0 5.4 4.2 2.4 seconds fo r  310 cu.m. (10,963 f t  )
5 .4  5.4 5.4 4.9 3.8 2.2 seconds  f o r  226 cu.m. (8,000 f t 3 )

Measured reve rbe ra t ion  times fo r  the empty la rge  and small r e 
ve rbe ra t ion  rooms exceed ISO values a t  a l l  f r equenc ie s .  ASTM s p e c i f i e s  
t h i s  condi t ion  in another  way by s t a t i n g  t h a t  the average absorp t ion of  
the empty room sur faces  sha l l  be l e s s  than 0.06 a t  a l l  measuring f r e 
quencies .  In our case ,  the average absorp t ion  o f  empty room surfaces  
was found, a f t e r  ap p ro p r ia te  allowance fo r  a i r  abso rp t ion ,  to  be 0.02 
between 125 and 4000 Hz fo r  both chambers.

3
For room s i z e ,  ISO recommends a room volume l a r g e r  than 180 m 

(6357 f t3 )  and f u r t h e r  recommends, in the case o f  new c o n s t r u c t io n ,  
t h a t  the volume be as c lose  to  200 m3 (7,063 f t ^ )  as po s s ib le .  (This 
c r i t e r i a  is  met fo r  both rooms). ASTM s p e c i f i e s  t h a t  the sm a l l e s t  d i 
mension of  the room sha l l  be more than one wavelength,  X,  and p re fe rab ly  
more than two wavelengths of  the cen t re  frequency of the lowest one 
t h i r d  octave band a t  which measurements a re  to  be made. The sm al les t  
dimension corresponds to  one wavelength a t  65 Hz and 73.5 Hz f o r  the 
l a rge  and small r eve rbe ra t ion  rooms r e s p e c t iv e ly .  Corresponding f r e 
quencies  where the sm a l le s t  dimension i s  equ iva len t  to two wavelengths 
a re  130 and 147 Hz r e s p e c t iv e ly .

Another f a c t o r  t h a t  must be considered is  room shape. ISO
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specif ies that the shape o f the room shall be such that l max < 1.9 
where l max is the length of the greatest s t ra ig h t  l ine  which can f i t  
w ith in  the boundary of the room. Calculations show that th is  c r i te r io n  
is met fo r  both chambers. ASTM specif ies tha t the ra t io  of the largest 
to the smallest dimension shall be less than 2:1. The actual room d i 
mension ra t ios  in our case are w ith in th is  range and are 1.63:1.29:1 fo r 
the large chamber and 1.67:1.32:1 fo r the small chamber. This is f a i r l y  
close to the theore tica l ra t io  o f l : V 2 : 3/ 4  (1:1.26:1.59) commonly re 
ferred to in the l i t e r a tu r e . *

To insure a d if fuse f ie ld  ASTM recommends a number o f sound- 
re f le c t in g  panels hung or d is tr ibu ted  at random angles or kept moving 
presenting a room which con tinua lly  changes in shape. ISO on the other 
hand mentions only s ta t ic  d if fu s ing  panels. ASTM essent ia l ly  states 
that decay curves shall be independent o f  both microphone pos it ion , 
te s t  specimen posit ion and free of non-exponential i r r e g u la r i t ie s .  In 
general the decay curves became more exponential and smoother as the 
vanes and microphone were moving.

The number and precision of measurements is a fac to r worthy 
o f consideration. ISO indicates tha t each evaluation of a decay rate 
fo r  a given frequency band shall be based on at least 6 records, each 
under d i f fe re n t  varia tions in the sound f ie ld  as fa r  as loudspeaker 
pos it ion , microphone pos it ion , d i f fu se r  system configurations, etc.unless 
experience shows otherwise. ASTM recommends a group of measurements at 
each tes t  frequency the size o f  the group chosen to y ie ld  an absorption 
c o e f f ic ie n t  to a precision o f + 0.04 at 125 and 4000 Hz and + 0.02 a t a l l  
intermediate frequencies with confidence l im i ts  o f 90 percent. In addi
t io n ,  any decay curves with m ult ip le  slopes shall be excluded as both 
standards bring out. In tests made on an absorptive sample th is  precision 
was obtained by taking 8 to 10 decay curves fo r  the empty room and a 
s im i la r  number with the sample in place.

4.0 Evaluation o f F a c i l i t y  fo r  Measurement o f  Sound Transmission Loss

The most important standard on th is  continent fo r  laboratory 
measurement o f  sound transmission loss has come from ASTM and is e n t i t le d :

(1) ASTM E90-70, "Standard Recommended Practice fo r  Laboratory 
Measurements o f Airborne Sound Transmission Loss o f Building 
P ar t i t io ns " .

European practice is f a i r l y  s im i la r  to that of North American 
and is re f lec ted  in the fo llow ing ISO standard:

(1) ISO Recommendation R-140-1960, "F ie ld  and Laboratory Measure
ments o f Airborne and Impact Sound Transmission".

*Bo lt  (1947) "Normal Frequency Spacing S ta t is t ic s " ,  J. Acoust. Soc. Am.
19, 79.
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The condit ions for a d i f fuse  f i e l d  to be used for  sound t r a n s 
mission t e s t in g  are s im i la r  to those mentioned above for absorption 
measurements. The condit ions for room size  and shape as well as d i f fus ing  
are met or exceeded by th i s  f a c i l i t y .  As well the absorption c o e f f i c i e n t  
of the room walls are well below the spec i f ica t ion  of 0.06.

A fu r th e r  condit ion which must be met is th a t  of f lanking t r a n s 
mission.  ASTM recommends th a t  the sound power t ransmit ted  through the 
t e s t  s t ru c tu re  be a t  l e a s t  10 dB grea te r  than the power t ransmit ted by 
a l l  o ther  paths.  Flanking was inves tiga ted  experimentally by a se r ie s  
of measurements on subs tant ia l  walls in the t e s t  openings. Introduction 
of the avai lab le  plug wal l ,  normally used to seal the opening, yielded 
a value of the order of  STC 56. A dip occurring in the v ic in i ty  of 
2000 Hz i s ,  presumably, the r e s u l t  of  coincidence e f f e c t s .  A fu r the r  
t e s t  was ca r r ied  out on a "be t te r"  wall cons is t ing  of a combination plug 
wall - b a t t s  - double l e a f  p las terboard wall ;  th i s  resu l ted  in the sound 
i so la t io n  being boosted up to STC 65. According to the measurements to 
date i t  is  evident t h a t  the f a c i l i t y  is  capable of t e s t in g  walls up to 
a t  l e a s t  STC 55.

ASTM s ta te s  tha t  a s u f f i c i e n t  number of measurements shall  be 
taken to ensure t h a t  the mean value of the noise reduction is  known to 
within + 1 dB (90 percent confidence) except fo r  the lowest band for  
which the l im i t  shall  be + 2 dB. Similar ly  determination of the mean 
value of the receiving room absorption term (10 log A2) must be made to 
the same prec is ion .  The data accumulated so fa r  indica tes  t h a t  an 
averaging time or  f i l t e r  stepping time of a t  l e a s t  5 seconds should be 
used for one- th ird  octave ana lys is .  In t h i s  time in terva l  the microphone 
completes one-half  a revolut ion.  The precision for  the noise reduction 
was obtained by taking 9 to 10 se ts  of noise reduction measurements for 
one- th ird  octaves from 125 Hz to 500 Hz. Above 500 Hz, 5 se ts  of measure
ments were s u f f i c i e n t  to give the required prec is ion .  The precision of 
the receiving room absorption term was obtained with 4 to 5 decays for 
each one- th i rd  octave considered.

5.0 Evaluation of F a c i l i ty  for Measurement of Sound Power Level

A s t a t e - o f - t h e - a r t  standard for  the measurement of sound 
power level i s :

(1) American National Standard "Methods for the Determination 
of  Sound Power Levels of Small Sources in Reverberation 
Rooms" S I . 21-1972.

An attempt is  made to achieve a uniform energy density  within 
the room. Of the utmost importance is the volume of  the room, i t s  pro
por tions and i t s  absorption c o e f f i c i e n t .  Again the recommendations of 
ANSI are met or exceeded by these rooms.

A major fac to r  a f fec t ing  the q u a l i f i c a t io n  of a reverberat ion
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room f o r  sound power de te rmination  is  the unce r ta in ty  in the measure
ment of  mean square sound pressure  throughout the room. ANSI deals  with 
these  u n c e r t a i n t i e s  by spec i fy ing  the p rec i s ion  of  measurements in terms 
of  a maximum value f o r  s tandard  dev ia t ion  f o r  sound p ressu re .  For broad 
band measurements these  c r i t e r i a  are  not d i f f i c u l t  to meet.

In our c ase ,  a l im i ted  number of  measurements were c a r r i e d  out 
fo r  the purpose of  a sse ss in g  the t e s t  f a c i l i t y  f o r  sound power measure
ments. Room response to broad band e x c i t a t i o n  was determined by u t i l i z i n g  
a loudspeaker as the sound source and explo ring  the sound f i e l d  by s t a t i o n 
ary and r o t a t i n g  microphone. The maximum dev ia t ion  was found to be of  
the o rde r  of  1 or  2 dB throughout most of  the frequency range with some
what h igher s c a t t e r  a t  the lower f requenc ies .

6.0 Conclusion

The new a co u s t ic  t e s t  f a c i l i t y  by Bolstad Engineering Associates 
Ltd. has been designed with cons iderab le  thought .  In t roduct ion  of  novel 
moving d i f f u s e r s  and a r o t a t i n g  microphone system wil l  co n t r ib u te  toward 
making e f f i c i e n t  use of  the f a c i l i t y  fo r  commercial sound la bora to ry  
t e s t i n g  and research  purposes.

I t  i s  ev iden t  t h a t  the two re v e rb e ra t io n  rooms exceed minimum 
requirements fo r  measurements of  sound absorp tion  according to ASTM and 
ISO s tanda rds .  I t  would be d e s i r a b l e  to make i n t e r - l a b o r a t o r y  compari
sons on sound absorp t ion  c o e f f i c i e n t s  of  several  m a te r i a l s .  This would 
give a f u r t h e r  oppor tun i ty  to eva lua te  the e f f e c t i v e n e s s  of  the novel 
moving d i f f u s e r  system.

In regard to measurement of  sound transmiss ion  lo ss  the p a i r  
of  t e s t  chambers adequate ly  meet minimum requirements  given by ASTM.
From the data obta ined the f a c i l i t y  i s  capable of  measuring wall s  up 
to STC 55 and poss ib ly  h igher .

Both rev e rb e ra t io n  rooms of  the new t e s t  f a c i l i t y  s a t i s f y  
ANSI s tandards  fo r  measurement o f  sound power of  broad band sources.  
Fur ther  t e s t i n g  is  necessary  to q u a l i fy  the rooms fo r  narrow band and 
d i s c r e t e - f r e q u en c y  sources .
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